Simple Harmonic Motion

Periodic and Oscillatory (Vibratory) Motion

(1) A motion, which repeat itself over and over again after a regular
interval of time is called a periodic motion

Revolution of earth around the sun (period one year), Rotation of
earth about its polar axis (period one day), Motion of hour’s hand of a clock
(period 12-hour) etc are common example of periodic motion.

(2) Oscillatory or vibratory motion is that motion in which a body
moves to and fro or back and forth repeatedly about a fixed point in a
definite interval of time. In such a motion, the body is confined with in well-
defined limits on either side of mean position. Oscillatory motion is also

called as harmonic motion.
(i) Common examples are
(a) The motion of the pendulum of a wall clock

(b) The motion of a load attached to a spring, when it is pulled and

then released.

(c) The motion of liquid contained in U-tube when it is compressed

once in one limb and left to itself.

(d) A loaded piece of wood floating over the surface of a liquid when

pressed down and then released executes oscillatory motion.

(ii) Harmonic oscillation is that oscillation which can be expressed in

terms of single harmonic function (ie. sine or cosine function). Example :

y =asinot or y =acoswt

(iii) Non-harmonic oscillation is that oscillation which can not be
expressed in terms of single harmonic function. It is a combination of two
or more than two  harmonic  oscillations.  Example

y =asinot+bsin2mt.

Simple Harmonic Motion

(1) Simple harmonic motion is a special type of periodic motion, in
which a particle moves to and fro repeatedly about a mean position.

(2) In linear S.H.M. a restoring force which is always directed towards
the mean position and whose magnitude at any instant is directly
proportional to the displacement of the particle from the mean position at

that instant ie. Restoring force oc Displacement of the particle from mean

position.
F —x = F=— kx

Where £k is known as force constant. Its S.I. unit is Newton/meter and
dimension is [MT"].

(3) In stead of straight line motion, if particle or centre of mass of
body is oscillating on a small arc of circular path, then for angular SSH.M.

Restoring torque (7) o — Angular displacement (6)

Some Important Definitions

(1) Time period (7) : It is the least interval of time after which the

periodic motion of a body repeats itself.
S.I. unit of time period is second.

(2) Frequency (n) : 1t is defined as the number of oscillations executed
by body per second. S.I unit of frequency is hertz (Hz).

(3) Angular Frequency (@) : Angular frequency of a body executing
periodic motion is equal to product of frequency of the body with factor 2 7.

Angular frequency =2 7 n
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Its unit is radsec.

(4) Phase (¢) : Phase of a vibrating particle at any instant is a physical
quantity, which completely express the position and direction of motion, of
the particle at that instant with respect to its mean position.

In oscillatory motion the phase of a vibrating particle is the argument
of sine or cosine function involved to represent the generalised equation of
motion of the vibrating particle.

y =asingd =asin@t+¢,)

here, @ = w1+ @ = phase of vibrating particle.

@ = Initial phase or epoch. It is the phase of a vibrating particle at ¢ =

Fig. 16.2
(1) Same phase : Two vibrating particle are said to be in same phase, if

the phase difference between them is an even multiple of 7 or path
difference is an even multiple of (1 / 2) or time interval is an even multiple

of (7] 2) because 1 time period is equivalent to 27 rad or 1 wave length (1).

(2) Opposite phase : When the two vibrating particles cross their

respective mean positions at the same time moving in opposite directions,
then the phase difference between the two vibrating particles is 180 .

Opposite phase means the phase difference between the particle is an
odd multiple of 7 (say 7, 37, 57, 77....) or the path difference is an odd
A 34

multiple of 4 (say PR ) or the time interval is an odd multiple of
(T12).
(3) Phase difference :

equation are

If two particles performs SHM and their

y, =asin@t+¢,) and y, =asint+4¢,)
then phase difference Ag =(wt+¢,)—(wt+¢,) =¢, — ¢,

Displacement in S.H.M.

(1) The displacement of a particle executing SH.M. at an instant is
defined as the distance of particle from the mean position at that instant.

(2) Simple harmonic motion is also defined as the projection of

uniform circular motion on any diameter of circle of reference.

(3) If the projection is taken on y-axis. then from the figure

Q |e&<x—>=

. .2 . .
y =asinmt :asm?ﬂt =asin2znt =asintxg)

(i) y=asinmt when the time is noted from the instant when

the vibrating particle is at mean position.
(i) y =acoswt when the time is noted from the instant when

the vibrating particle is at extreme position.
(iii) y =asin@t £ @) when the vibrating particle is ¢ phase leading
or lagging from the mean position.

(4) 1f the projection of P is taken on X-axis then equations of S.H.M.
can be given as

X =acos(owtxg) :acos(ZT—”tJr(/ﬁJ =acos(2mt+g)

+a —a +a
- ------- t------- - *~-------- t------- -
—_— — N —
x=—asin ot x=asin ot xX=—acos Wt =acos @t
A (8)
Fig. 164

(5) Direction of displacement is always away from the equilibrium

position, particle either is moving away from or is coming towards the
equilibrium position.

Velocity in S.H.M.

(1) Velocity of the particle executing S.H.M. at any instant, is defined as
the time rate of change of its displacement at that instant.

(2) In case of SH.M. when motion is considered from the equilibrium

position, displacement Y =asinwt

So v:?j—)tlzawcom)t =aa)\/l—sin2a)t = wya? —y?
[As sin@ t = y/a|

(3) At mean position or equilibrium position (y = 0 and 6 = ®f = 0),
velocity of particle is maximum and it is v = a®.

(4) At extreme position (y = + a and 0 = wt =7/2), velocity of
oscillating particle is zero ie. v= 0.

2
2 2 2 20,2 2 v 2 2
(5) From V=wmya“ —-y°- = v- =w(a —y):?=a -y

2 2 VA
\
= 3 + y—2 =1
a o a
This is the equation of ellipse. a@
Hence the graph between vand yis _ _ _ _ —— >
an ellipse. y

For @ =1, graph between vand y

is a circle.

|

Fig. 165
(6) Direction of velocity is either

towards or away from mean position depending on the position of particle.
Acceleration in S.H.M.

(1) The acceleration of the particle executing S.H.M. at any instant, is

defined as the rate of change of its velocity at that instant. So acceleration



A _dv =i(aa)005a)t) =-—w?asinot = -’y
dt dt

[As y =asinwt ]
(2) In SHM. as | Acceleraton | =% is not constant. So
equations of translatory motion can not be applied.

(3) In S.H.M. acceleration is maximum at extreme position (at y = £ a).

. . T
®’a when |sinot|=maximum =1 je at t=— or

Hence |A 2

maxl =
43 - 2
ot = CR From equation (i) | Ap| =®@°@ when y =a.

(i) In S.H.M. acceleration is minimum at mean position

From equation (i) A, =0 when Sinwt=0 je at t=0 or
T I
t= El or @t =7.From equation (i) A, =0 when y =0

(i) Acceleration is always directed towards the mean position and so is
always opposite to displacement

. A A
e, oc —
Le. y N— Fa
Graph between acceleration :
(A) and displacement (y) is a : il
straight line as shown -a : Y
Slope of the line = — @ - &a oo ;
Comparative Study of Fig. 16.6

Displacement Velocity
and Acceleration

(1) All the three quantities displacement, velocity and acceleration

show harmonic variation with time having same period.

(2) The velocity amplitude is @ times the displacement amplitude

(3) The acceleration amplitude is ®? times the displacement

amplitude

(4) In SH.M. the velocity is ahead of displacement by a phase angle 7
/2

(5) In S.H.M. the acceleration is ahead of velocity by a phase angle 7 /

(6) The acceleration is ahead of displacement by a phase angle of 7
Table 161 : Various physical quantities in S.H.M. at different position :

Graph Formula At mean | Atexreme
Pposition Jposition
Displacement
| - - y = asinot y=0 y=ta
¢ T2 \ T
C v g
1 ]
i i
— 3 i i
.
Velocity E E
g g V =awcoswt
0 0 Voax =300 Vonin = 0
Vonax : i : z
; : = awsin(wt+=)
im2 /T 2
Q
N7
H i
i
|
i
i
i
i
i
|

[y}
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or
V= mya’ —y?
Acceleration
A=—aw’sinwt
Ao = aw?sin(@t + 7)| Awn=0 Moo
O 772 T or = CUZE
|A| =%
Force F = —mw?asin o
F °r Frin=0 Finax =
max min 2
F = mo?y mo‘a
712 T
o

Energy in S.H.M.

(1) Potential energy : This is an account of the displacement of the

particle from its mean position.

(i) The restoring force F = — ky against which work has to be done.
Hence potential energy U is given by

uzjduz—jdwz—j: Fdx:J-oykydy =%ky2+u

where U = Potential energy at equilibrium position.

If U =0 then U:%ma)zyz [As @® =k/m]

(ii) Also U =%ma)2a2 sin? ot =%mw2a2(1—cos 2wt)

[As y =asinot]

Hence potential energy varies periodically with double the frequency of

S.HM.

(iii) Potential energy maximum and equal to total energy at extreme

positions

T

1 1
U max :Eka2 :Emwza2 when y =+a; ot=7/2; t:Z

(iv) Potential energy is minimum at mean position
U., =0 when y=0; wt=0; t=0

(2) Kinetic energy : This is because of the velocity of the particle

1 1
Kinetic Energy K = “mv? = E ma)z(az —yz)

2
[As v =ma? —y? |

(i) Also K= % mo’a’® cos’ ot = %mwzaz(l +€0S 2at)

[As V=awcoswt ]

Hence kinetic energy varies periodically with double the frequency of
S.H.M.
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(i) Kinetic energy is maximum at mean position and equal to total

energy at mean position.

max

K :%mwzaz when y=0;t=0; 0t=0

(iii) Kinetic energy is minimum at extreme position.
K., =0 when y=a; t=T/4, ot=7/2

(3) Total mechanical energy : Total mechanical energy always remains

constant and it is equal to sum of potential energy and kinetic energy ie.

E=U+K
1 2,2 .2y 1 22 1 2.2
E=—mo°@° -y>)+=-mo’y’ = =-mo‘a
> @ -y > y >

Total energy is not a position function.

(4) Energy position graph

Energy
Total energy (E)
Potential energy (1))
Kinetic energy (K)
y=—a y=0 y=+a
Fig. 16.7
(iYAty=0;U=0and K=FE
(i) At y=% & U= Eand K=0
a E 3E
(iii)At y=2—; U=—and K=—
2 4 4

E
iv) At y =+ K==
(iv) At y 2

a
—. U=
J2
Average Value of P.E. and K.E.

The average value of potential energy for complete cycle is given by

1T 171 2,2 il 1 2,2
Usverage =?I0Udt=?jogmw a“sin“(ot+¢) :me a
The average value of kinetic energy for complete cycle
17 1,71 1
K =—I Kdt:—J. = mw®a’ cos’ wtdt =~ mao?a’®
average = | o Tl02 2

Thus average values of kinetic energy and potential energy of
harmonic oscillator are equal and each equal to half of the total energy

1

1 2,2
Kaverage = Uaverage = E E= Z mo-a-.

Differential Equation of S.H.M.

For S.H.M. (linear) Acceleration oc — (Displacement)

2
Aoc—y or A:—a)zyor —3:—w2y
dt
d2y k
or mF+ky=0 [As a)=\/%]
2
For angular SH.M. 7=-CO and d—20+a)2920

dt

2_C .
where ®° = T [As c = Restoring torque constant and /= Moment

of inertia]

How to Find Frequency and Time Period of S.H.M.

Step 1 : When particle is in its equilibrium position, balance all forces

acting on it and locate the equilibrium position mathematically.

Step 2 : From the equilibrium position, displace the particle slightly by
a displacement y and find the expression of net restoring force on it.

Step 3 : Try to express the net restoring force acting on particle as a
proportional function of its displacement from mean position. The final

expression should be obtained in the form.

F=—ky

Here we put — ve sign as direction of Fis opposite to the displacement
y. If a be the acceleration of particle at this displacement, we have

{2

Step 4 : Comparing this equation with the basic differential equation

of S.H.M. we get a)2:£:> a)=\/Z or I’]=i\/E
m m 2z.\m

As @ is the angular frequency of the particle in S.H.M,, its time period

of oscillation can be given as T = 2z = 27[\/%
w

(i) In different types of S.H.M. the quantities m and & will go on taking
different forms and names. In general m is called inertia factor and £ is

called spring factor.

Inertia factor 1 |[Springfactor

Thus T=27 | ———— or N=— [ —————

Spring factor 27 \ Inertiafactor
(ii) In linear SH.M. the spring factor stands for force per unit
displacement and inertia factor for mass of the body executing S.H.M. and
in Angular SHM. k stands for restoring torque per unit angular

displacement and inertial factor for moment of inertia of the body executing

S.H.M.
For linear SSH.M.

fm m
T=2r,|— = -
k Force/Dispacement

Simple Pendulum

\/ Displacemat
=2r -
Acceleradn

(1) An ideal simple pendulum consists of a heavy point mass body
(bob) suspended by a weightless, inextensible and perfectly flexible string
from a rigid support about which it is free to oscillate.

(2) But in reality neither point mass nor weightless string exist, so
we can never construct a simple pendulum strictly according to the
definition.

(3) Suppose simple pendulum of length /is displaced through a
small angle 6 from it's mean (vertical) position. Consider mass of the bob
is m and linear displacement from mean position is x

S

mg sin o

o mg mg cos 6

Fig. 16.8



Restoring force acting on the bob

F=-mgsin@ or F=-mgod =—mg£

X
(When @ is smallsin 8 = 0= Arc = oP =—)
Length | |
F = $ =k (Spring factor)
X

So T =2x1 flner_tiafactor oy / m :Zﬂ\/I
Spring factor mg /1 g
Factor Affecting Time Period of Simple Pendulum

(1) Amplitude : The period of simple pendulum is independent of
amplitude as long as its motion is simple harmonic. But if & is not small, sin
6 # 0 then motion will not remain simple harmonic but will become

oscillatory. In this situation if & is the amplitude of motion. Time period

2
T2z 1oL sin( o). ~T, 1+ %
g 22 2 16

(2) Mass of the bob : Time period of simple pendulum is also
independent of mass of the bob. This is why

(i) 1f the solid bob is replaced by a hollow sphere of same radius but
different mass, time period remains unchanged.

(i) 1f a girl is swinging in a swing and another sits with her, the time

period remains unchanged.

(3) Length of the pendulum : Time period T oc \/T where /is the
distance between point of suspension and center of mass of bob and is

called effective length.

(i) When a sitting girl on a swinging swing stands up, her center of

mass will go up and so /and hence 7' will decrease.

(i) If a hole is made at the bottom of a hollow sphere full of water
and water comes out slowly through the hole and time period is recorded
till the sphere is empty, initially and finally the center of mass will be at the
center of the sphere. However, as water drains off the sphere, the center of
mass of the system will first move down and then will come up. Due to this
/ and hence T first increase, reaches a maximum and then decreases till it

becomes equal to its initial value.

(iii) Different graphs

T 7 T

Joc T? Joc T2

Fig. 169
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1
(4) Effect ofg:T oC \/_ Le. as gincrease T decreases.
g

(i) As we go high above the earth surface or we go deep inside the
mines the value of g decrease, hence time period of pendulum (7) increases.

(ii) 1f a clock, based on simple pendulum is taken to hill (or on any
other planet), g will decrease so 7 will increases and clock will become

slower.

(iii) Different graphs

g

Fig. 1610

(5) Effect of temperature on time period : If the bob of simple
pendulum is suspended by a wire then effective length of pendulum will
increase with the rise of temperature due to which the time period will

increase.

=1, +aA0)

length of wire, /= final length of wire)

I_L =1+ano)'? ~1+1an0
To Vo 2

So l—].:laAQ ie. —TzlaAH
T, 2 T 2

(If A@ is the rise in temperature, |, = initial

Oscillation of Pendulum in Different Situations

(1) Oscillation in liquid : If bob a simple pendulum of density p is

made to oscillate in some fluid of density o (where 0 <p) then time period

of simple pendulum gets increased.

As thrust will oppose its weight hence My = Mg — Thrust

V o
or Gerr. =9 — Vi)g ie.Jet. =0 {1—;}

- e, _pP-o
g P

:>T_: i: L>1
T Ui, VpP-O

(2) Oscillation under the influence of electric field : If a bob of mass

Fig. 161

m carries a positive charge g and pendulum is placed in a uniform electric
field of strength £
(i) If electric field directed vertically upwards.

Effective acceleration

E
Oetr. =9 —%

Fig. 16.12
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mg + QF

Fig. 1613

(3) Pendulum in a lift : 1If the pendulum is suspended from the
ceiling of the lift.

(i) If the lift is at rest or moving down ward /up ward with constant

velocity.
|
T=27|—
g
and N :i g
2z \ |

Fig. 1614

(ii) 1f the lift is moving up ward with constant acceleration a

| a
T=2x
g+a
and n:i M
27 |

Fig. 1615
Time period decreases and frequency increases

(iii) 1f the lift is moving down ward with constant acceleration a

T:27r, ! a
g—a
and I’]:i‘u
2z |

Time period increase and frequency decreasdgg: 1616

(iv) If the lift is moving down ward with acceleration a=(

T- f | o a=g
g-g
fg_Igzo
Fig. 1617

It means there will be no oscillation in a pendulum.

2r

1
and N =—
Yy
Similar is the case in a satellite and at the centre of earth where

effective acceleration becomes zero and pendulum will stop.

(4) Pendulum in an accelerated vehicle : The time period of simple
pendulum whose point of suspension moving horizontally with acceleration

a

Fig. 1618

In this case effective acceleration Qg =/ g% +a?

[ |
T=2x @ ™ 6 =tan"'(a/ g)

If simple pendulum suspended in a car that is moving with constant
speed v around a circle of radius r.

Some Other Types of Pendulum

(1) Infinite length pendulum :
comparable to the radius of earth then

If the length of the pendulum is

(i)lf'|<<R,t|1en£>>i so T=2x !
| R g

(i) If I >> R(— oo)then % < 1

R
, 6
so T=2rx 5 =2 w = 84.6 minutes
g 10

and it is the maximum time period which an oscillating simple
pendulum can have

Gi)If =R so T =271 /i =1lhour
29

(2) Second’s Pendulum : It is that simple pendulum whose time
period of vibrations is two seconds.

I
Putting 7= 2 sec and ( =9.8m/sec? in T = ZEJ: we get
9

4x9.8
2

A

| = =0.993 m=99.3 cm

Hence length of second’s pendulum is 99.3 c¢m or nearly 1 meter on
earth surface.

For the moon the length of the second’s pendulum will be 1/6 meter

[As Oimoon = M]
6
(3) Compound pendulum : Any rigid body suspended from a fixed
support constitutes a physical pendulum. Consider the situation when the
body is displaced through a small angle 6. Torque on the body about O is
given by

Fig. 16.19



7z =mgl sin@ (i)
where /= distance between point of suspension and centre of mass
of the body.
If 7be the M.1. of the body about O. Then 7 = la (i)
d? . ?
From (i) and (ii), we get |d—20 =-mglsind as 6 and d_219 are
t
d?0  mgl
oppositely directed = d—z = —Tg 6 since Ois very small
t
‘0
Comparing with the equation e =—0?0. we get
t
mgl |
wo=,—>=T=27|—
| mgl

Also | =1, + ml?  (Parallel axis theorem)

=mk? +ml? (where k= radius of gyration)

, 2 2
T =27 mK” -+ ml =27
mgl

/] = Effective length of pendulum = Distance between point of
suspension and centre of mass.

Table 16. 2: Some common physical pendulum

Body Time period
Bar yavy
b 21
T=2r|—
39
Ring
R
T=2rx 2R
g
Disc
R
T=2r 3—R
i 29

Spring System

When a spring is stretched or compressed from its normal position (x =
0) by a small distance x, then a restoring force is produced in the spring
because it obeys Hook’s law

jiee. Foc—X = F=-kx

where £ is called spring constant.

(i) 1t's S.1. unit Newton/metre, C.G.S unit Dyne/cm and dimension is
[MT]

(ii) Actually & is a measure of the stiffness/softness of the spring.

(iii) For massless spring constant restoring elastic force is same every
where

(iv) When a spring compressed or stretched then work done is stored
in the form of elastic potential energy in it.

Simple Harmonic Motion 757
[S—
(v) Spring constant depend upon radius and length of the wire used in
spring.
(vi) The spring constant k is inversely proportional to the spring
length.

Spring constant (&)
=~
8
|

Length of the spring (/)

1
oC
Extension  Lengthof spring

Fig. 16.20
1

k oc

That means if the length of spring is halved then its force constant
becomes double.

(vii) When a spring of length /is cut in two pieces of length /and /
such that |, =nl, .
If the constant of a spring is & then spring constant of first part
k(n+1)
"

Ky

Spring constant of second part K, =(n+1)k
k 1

and ratio of spring constant i R
n
2

Spring Pendulum
A point mass suspended from a mass less spring or placed on a

frictionless horizontal plane attached with spring (fig.) constitutes a linear
harmonic spring pendulum

NS ‘

Inertiafactor
Springfactor

T=2x

Time period

= 277\/E
k

1 [k

and Frequency N =——,/—

27 \m

(1) Time period of a spring pendulum depends on the mass suspended

1
= Tocym or N \/_ i.e. greater the mass greater will be the inertia
m

and so lesser will be the frequency of oscillation and greater will be the time
period.

(2) The time period depends on the force constant k of the spring ie.

1
Toc— or nOC\/E
\/_

(3) Time of a spring pendulum is independent of acceleration due to
gravity. That is why a clock based on spring pendulum will keep proper
time every where on a hill or moon or in a satellite and time period of a
spring pendulum will not change inside a liquid if damping effects are
neglected.

=~
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(4) Massive spring : If the spring has a mass M and mass m is

M
suspended from it, effective mass is given by m ¢ =M +?. Hence

M ff
k

T=2x

(5) Reduced mass : If two masses of mass m and m are connected by
a spring and made to oscillate on horizontal surface, the reduced mass m is

1 1 1
given by — = —+4 —— so that
m. mg m

T=2x me
V

(6) 1f a spring pendulum, oscillating in a vertical plane is made to
oscillate on a horizontal surface, (or on inclined plane) time period will
remain unchanged.

m 35350680 m,

Fig. 16.22

(7) Equilibrium position for a spring in a horizontal plain is the
position of natural length of spring as weight is balanced by reaction. While

in case of vertical motion equilibrium position will be |+Yy, with

ky, =mg
- — R |
Nl
| me

ig. 16.
If the stretch in a vertically Ioad];lg ;pﬁ%g is Yo then for equilibrium

m
of mass m, Ky, =mg ie —=y—0

o]

Time period does not depends on ‘g’ because along with g, y will also

So that

m
change in such a way that Yo _ n remains constant

Oscillation of Spring Combination

(1) Series combination : If two springs of spring constants K; and

K, are joined in series as shown then

. . o Fig. 16.24. . Lo
(i) In series combination equal f8rces acts on spring but extension in
springs are different.

(i) Spring constants of combination
1 1 1 K o= k.k,

— ==+ =k
ke ki ks k, +k,

(iii) 1f n springs of different force constant are connected in series
having force constant Ky,K,,K;....... respectively then

1 1 1 1
+

If all spring have same spring constant then kg = —
n

(iv) Time period of combination T = 27 ,kﬂ =2z
S

(2) Parallel combination : If the springs are connected in parallel as

shown

Fig. 16.25

(i) In parallel combination different forces acts on different springs
but extension in springs are same

(i) Spring constants of combination Kp =k; +k,

(iii) 1f n springs of different force constant are connected in parallel

having  force  constant ki Ky, Ky respectively  then

Kp =k, +k, +Kg +..

If all spring have same spring constant then Kp

(iv) Time period of combination Tp =27 |—
(k +k

Various Formulae of S.H.M.

(1) S.HM. of a liquid in U tube : If a liquid of density p contained in a
vertical U tube performs SH.M. in its two limbs. Then time period

T=2x ’L —27[\/E
29 g

where L = Total length of liquid column,

h = Height of undisturbed liquid in each limb (1=24) Fig, 16.26

(2) SH.M. of a floating cylinder : If /is the length of cylinder dipping
in liquid then

’ |
Time period T =27 |—
g

Fig. 16.27

(3) S-H.M. of a small ball rolling down in hemi-spherical bowl

R-r

g C =3

T=2x

Fig. 16.28



R = Radius of the bowl
r =Radius of the ball

(4) S.H.M. of a piston in a cylinder

T= Zﬁ],M—h
PA

M = mass of the piston

A = area OF cross section

h = height of cylinder

P = pressure in a cylinder

Fig. 16.29

(5) S.H.M. of a body in a tunnel dug along any chord of earth

¢
Job
‘=
T= ZH\/E = 84.6 minutes N u
g
\

ig. 16.30
(6) Torsional pendulum : In a torsional pendulﬂxgm an object is

suspended from a wire. If such a wire is twisted, due to elasticity it exert a

Wire
/
\—/ "

Fig. 16.31

restoring toque 7= CO.

In this case time period is given by

T=27r\/I
C

where 7 = Moment of inertia a disc

anrt
21

C = Torsional constant of wire =

717 = Modulus of elasticity of wire and r = Radius of wire
(7) Longitudinal oscillations of an elastic wire : Wire/string pulled a

distance A/ and left. 1t executes longitudinal oscillations. Restoring force

F=—AY (ﬁ')
I Wire

Y = Young’s modulus /

A = Area of cross-section

IA/
He'ﬂCQT_Zﬂ'JE—Zﬂ- /m_l ——— Y
k AY Fig. 16.32

Free, Damped, Forced and Maintained Oscillations

LA L

(1) Free oscillation

(i) The oscillation of a particle with fundamental frequency under the
influence of restoring force are defined as free oscillations

(i) The amplitude, frequency and energy of oscillation remains
constant

Simple Harmonic Motion 759m
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(iii) Frequency of free oscillation is called natural frequency because it
depends upon the nature and structure of the body.

+d

Fig. 16.33
(2) Damped oscillation

(i) The oscillation of a body whose amplitude goes on decreasing with
time are defined as damped oscillation

(ii) In these oscillation the amplitude of oscillation decreases
exponentially due to damping forces like frictional force, viscous force,
hystersis etc.

(iii) Due to decrease in amplitude the energy of the oscillator also goes

on decreasing exponentially
+af-~-

< —>

—a
(iv) The force produces a resifi§ni2¥b the oscillation is called damping
force.
If the velocity of oscillator is v then
Dumping force Fy =—bv, b= damping constant

(v) Resultant force on a damped oscillator is given by

2
md”x +bd—x+ Kx =0
dt? dt

(vi) Displacement of damped oscillator is given by

F=R+F =-Kx-Kv =

X= Xme—thZm Sin@t+¢@) where ®'=angular frequency of

the damped oscillator = ﬂa)g - (b/2m)2

The amplitude decreases continuously with time according to

X = x_ ¢ 02t
(vii) For a damped oscillator if the damping is small then the
mechanical energy decreases exponentially with time as

E= % Kxée—bt/m

(3) Forced oscillation

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

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

(iii) 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.

(iv) 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.
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(v) In forced oscillation, frequency of damped oscillator is equal to the
frequency of external force.

(vi) Suppose an external driving force is represented by
Fit)=Fcos 0t

The motion of a particle under combined action of

(a) Restoring force (—Kx)

(b) Damping force (—bv) and

(c) Driving force Ht) is given by ma = —Kx —bv + F; cos w4t

2
= mzd—2X+ Kx+bd—X=FO cos gyt
d dt

The solution of this equation gives X =X, Sin(yt+¢) with

Fo/m
J@? - @)+ bwim)?

2 2
and tanH:M

litude X, =
amplitude X, ba/m

K
where @, =,|— = Natural frequency of oscillator.
m

(vii) Amplitude resonance : The amplitude of forced oscillator depends

upon the frequency @, of external force.

When @ = @y, the amplitude is maximum but not infinite because of
presence of damping force. The corresponds frequency is called resonant

frequency (@y).

Xo
Negligible damping
Low damping
FIK High damping
2]

(2%

Fig, 16. . .
(viii) Energy resonance : At g§=w0, 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.

(4) Maintained oscillation : The oscillation in which the loss of
oscillator is compensated by the supplying energy from an external source

are known as maintained oscillation.
Super Position of S.H.M’s (Lissajous Figures)

If two S.H.M's act in perpendicular directions, then their resultant
motion is in the form of a straight line or a circle or a parabola etc.
depending on the frequency ratio of the two SH.M. and initial phase

difference. These figures are called Lissajous figures.

Let the equations of two mutually perpendicular S.HM's of same
frequency be

X =a, Sinwt and y =a, sin@t+¢)

then the general equation of Lissajou's figure can be obtained as

X° y 2xy .5
— =5 ———Cosg=sin" ¢

2
2 2
2X X
For ¢=0° R . —0:{— L] =0
;T a &d, 4 ¥
= XY By @
Y q '

This is a straight line passes through origin

a
and it's slope is —2 .

& Fig. 16.36

Table 16.3 : Lissajou's figures in other conditions

[0
(with —L -
@
Phase Equation Figure
diff.(9)
P X2y ‘/Exy 1 Oblique ellipse
_— R— + —_—— —— e — T
4 a? a2 aa, 2
T 2 2 | a=4a
2 X + y—z =il (Circle)
B &
— &+ a,
(Ellipse)
3z S L
4 a> al aa, 2
Straight line
N E ght I
a '
a
a, .
= y=—-——=X !
L cmcomad N P

For the frequency ratio @, : @, =2 :1 the two perpendicular SH.M's

are
X =g sSin@t+¢) and y = a, sinat

Different Lissajou's figures as follows

¢=0, 121
Figure of eight

¢ = 74, 3714

= 7|2
Double parabola o=

Parabola



= <

=574, 774 =372
Double parabola Parabola

Fig. 16.37

T Tips & Tricks

&5 Suppose a body of mass m vibrate separately with two different
springs (of spring constants k and k) with time period 7 and 7

respectively. T, = 27 }— and T, =27

If the same body vibrates with series combination of these two

springs then for the system time period T = \[le I TZZ
If the same body vibrates with parallel combination of these two

T,T.
springs then time period of the system T = —L2
NUARS X

& The pendulum clock runs slow due to increase in its time period
whereas it becomes fast due to decrease in time period.

&5 1f infinite spring with force constant K, 2k, 4Kk, 8K ........
respectively are connected in series. The effective force constant of the

spring will be k /2.

&5 Percentage change in time period with /and g
If g is constant and length varies by . Then % change in time

period AL %100 = 1 <100
T 2

If /is constant and g varies by . Then % change in time period

£><100 ———><100
T 2

(Valid only for small percentage change say 5%).

&5 Suppose a spring of force constant k oscillates with time period 7. 1f
it is divided in to 77 equal parts then spring constant of each part will

T
become nk and time period of oscillation of each part will become T .
n

If these n parts connected in parallel then keff =n%. So time period of

the system becomes T'=—
n

&5 1If a particle performs SH.M. whose velocity is V; at a X; distance

from mean position and velocity V, at distance X,

Gy
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& If y, =asinwt and y, =bcoswt are two S.H.M. then by the

superimposition of these two SHM. we get Y =Y, +Y,

= y=asinot+bcosot =y=Asin@t+¢) this is also the

equation of SHM,; where A =+/a? +b? and ¢ =tan‘(b/a)

&5 In the absence of resistive force the work done by a simple
pendulum in one complete oscillation is zero

&5 1f Ois the angular amplitude of pendulum then
Height rises by the bob A= /(1 — cosf)

Velocity at mean position

=/2gl(1 —cos )

Work done in displacement

W =U =mgl(L - cos6) ot D B

1)
K.E. at mean position /(]'CTQ) f
KE s =Mgl(L —cos6) o Shesrneann Yo
Tension in the string of pendulum
2

myv
At mean position : T,(mMax) =mg +T =(3mg — 2mg cosf)

At extream position : 7= mg cos&

T Ordinary Thinking
Objective Questions

Displacement of S.H.M. and Phase

. . . . Lo T
The phase of a particle executing simple harmonic motion is E)

when it has [MP PET 1985]

(@) Maximum velocity (b) Maximum acceleration
(¢) Maximum energy (d) Maximum displacement

A particle starts S.H.M. from the mean position. Its amplitude is A
and time period is 7. At the time when its speed is half of the

maximum speed, its displacement yis

[Haryana CEE 1996; CBSE PMT 1996; MH CET 2002]

A A
a) — b)) —
(a) > (b) 72

AV3 2A

c) —— d) —
) — (d) 7

The amplitude and the periodic time of a SH.M. are 5¢m and 6sec
respectively. At a distance of 2.5cm away from the mean position,
the phase will be

(a) 5z/12 b) x/4
() 7#/3 (d 7z/6
Two equations of two SHM. are Yy=asin(wt—«a) and

y =b cos(@t—q). The phase difference between the two is
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[MP PMT 1985]
@@ o b)
() 90° (d) 180°



The amplitude and the time period in a S.H.M. is 0.5 cm and 0.4 sec 4.

respectively. If the initial phase is 7 /2 radian, then the equation of

S.H.M. will be
(@) y=0.5sin5xat (b) y=0.5sin4nt
(¢) y=0.5sin2.5xt (d) y=0.5cos5xt

The equation of SHM. is Y =asin@zt+¢), then its phase at 15.

time tis [DPMT 2001]

(a) 2mt b) «

() 2mt+a (d) 2at

A particle is oscillating according to the equation X =7 05 0.5xt , 16.

where ¢ is in second. The point moves from the position of

equilibrium to maximum displacement in time
(@) 4.0 sec (b) 2.0 sec
(c) 1.0 sec (d) 0.5 sec

A simple harmonic oscillator has an amplitude a and time period 7

The time required by it to travel from x = a to x = a / 2 is[CBSE PMT 1992; SCRA 1996; BHU 1997]
c) 2cm

(@ T/6 (b) T/4 7
() T/3 (d) 7T/2 :
Which of the following expressions represent simple harmonic
motion [Roorkee 1999]
(@) x=Asin@t+9) (b) x=Bcos(@t+¢)
() x=Atan(wt+¢) (d) x=Asinwtcoswt 18.
A 1.00x107PKg particle is vibrating with simple harmonic
motion with a period of 1.00x107°sec and a maximum speed of
1.00 x10®m/s . The maximum displacement of the particle is
(@) 159 mm (b) 100 m
() 10m (d) None of these 19.
The phase (at a time ¢) of a particle in simple harmonic motion tells
[AMU (Engg.) 1999]

(@) Only the position of the particle at time ¢
(b) Only the direction of motion of the particle at time ¢
(c) Both the position and direction of motion of the particle at

time ¢ 20.
(d) Neither the position of the particle nor its direction of motion

at time ¢
A particle is moving with constant angular velocity along the
circumference of a circle. Which of the following statements is true
(a) The particle so moving executes S.H.M.
(b) The projection of the particle on any one of the diameters

executes S.H.M. 21.
(c) The projection of the particle on any of the diameters executes

S.HM.
(d) None of the above
A particle is executing simple harmonic motion with a period of T
seconds and amplitude a metre. The shortest time it takes to reach a 22,

a
point T M from its mean position in seconds is [EAMCET (Med.) 2000]
2

@ 7 (b) 74
© 78 d) mé6
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represented by

F(t) =10sin(20 t +0.5). The amplitude of the S.H.M. is

A simple harmonic motion is
[DPMT 1998; CBSE PMT 2000; MH CET 2001]
(@) a=30 (b) a=20

() a=10 (d) a=5

Which of the following equation does not represent a simple

harmonic motion [Kerala (Med.) 2002]

(a) y=asinot (b) y=acoswt

() y=asinot+bcoswt (d) y=atanwt

A particle in SSHM. is described by the displacement function
X(t) = acos(t +0) . If the initial (t =0) position of the particle
. [CPMT 1989]. -

is 1 e and its 1nitial velocity is 77CM/S . The angular frequency of

the particle is 7z rad/s, then it's amplitude is

b) 2cm

(d) 25cm

(@ 1em

(c)

A particle executes a simple harmonic motion of time period 7. Find
the time taken by the particle to go directly from its mean position
to half the amplitude [UPSEAT 2002]

(@ T/2 b) T/4
() T/8 (d) 7/12
A particle executing simple harmonic motion along y-axis has its
motion described by the equation Y = ASin(t)+ B . The amplitude
of the simple harmonic motion is

[Orissa JEE 2003]
(@) A[AMU (Med.) 1999] (b) B

) A+B d JA+B

A particle executing S.H.M. of amplitude 4 cm and 7 = 4 sec. The
time taken by it to move from positive extreme position to half the

amplitude is [BHU 1995]

(@) 1 sec (b) 1/3 sec

(d) +3/2 sec

Which one of the following is a simple harmonic motion

(c) 2/3 sec

[CBSE PMT 1994]
(a

) Wave moving through a string fixed at both ends
(b) Eamls‘aaeg#ég% lag%%tjt its own axis
) Ball bouncing between two rigid vertical walls
(d) Particle moving in a circle with uniform speed
particle is moving in a circle with uniform speed. Its motion is[CPMT 1978; ClI
a) Periodic and simple harmonic
b) Periodic but not simple harmonic
c) A periodic
d) None of the above

Two simple harmonic motions are represented by the equations
. T
y, = 0.15|n[1007rt+§] and Yy, =0.1coszt. The phase

difference of the velocity of particle 1 with respect to the velocity of
particle 2 is [ATEEE 2005]
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- T
a) — b) —
(@) 3 (b) e
- T
) — d) =
(c) 5 (d) 3
23. Two particles are executing S.H.M. The equation of their motion are

24.

25.

26.

\/§ T

4

Y1 :103ir(a)t+%], Yy, =25 sin{wH J What is the

ratio of their amplitude
(@ 1:1 (b) 2:5
(€) 1:2 (d) None of these

The periodic time of a body executing simple harmonic motion is 3
sec. After how much interval from time ¢ = 0, its displacement will

[DCE 1996]

be half of its amplitude [BHU 1998]
1

(@) — sec (b) = sec
8

© 3 @

c) — sec — sec
4

A system exhibiting S.H.M. must possess [KCET 1994]

a) Inertia only
b

C

Elasticity as well as inertia

=

Elasticity, inertia and an external force

~

(
(
(
(d) Elasticity only

If X = asir(a)t +%j and X' =acoswt, then what is the phase

difference between the two waves [RPET 1996]
(@ 7/3 (b) 7/6
() m/2 d) =z

Velocity of Simple Harmonic Motion

A simple pendulum performs simple harmonic motion about X = 0
with an amplitude A and time period 7. The speed of the pendulum

at X :g will be [MP PMT 1987]
@ 7Z'A\/§ ) A
a il
T T
7AV3 37%A
© = ()
T T

A body is executing simple harmonic motion with an angular
frequency 2rad/s. The velocity of the body at 20 mm

displacement, when the amplitude of motion is 60 mm, is

CPMT 1999]
(@) 40 mm /s (b) 60mm/s
(¢) 113mm/s (d) 120mm /s

A body of mass 5 gm is executing SH.M. about a point with

amplitude 10 cm. Its maximum velocity is 100 cm/sec. Its velocity will

be 50 cm/sec at a distance [CPMT 1976]
@ 5 (b) 5V2
(© 53 @ 1042

A simple harmonic oscillator has a period of 0.01 sec and an

amplitude of 0.2 m. The magnitude of the velocity in m sec! at

the centre of oscillation is [JIPMER 1997]
(a) 20« (b) 100
(c) 4o0m (d) 100z

A particle executes S.H.M. with a period of 6 second and amplitude

of 3 cm. lts maximum speed in cm/sec is

[ATIMS 1982]
(@ #l2 b) =
() 27 d 3z

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

@ zmls b) J2zmis
() 2zm/s (d) 4zm/s

A S.H.M. has amplitude ‘a’ and

velocity will be

time period 7. The maximum

[MP PMT 1985; CPMT 1997; UPSEAT 1999]

4a 2a
(a) 5 (b) T

a 27a
(c) 2”\/; (d) -

A body is executing S.H.M. When its displacement from the mean

position is 4 cm and 5 cm, the corresponding velocity of the body is

10 cmisec and 8 cmsec. Then the time period of the body is [CPMT 1991; MP PE

(a) 2msec (b) /2 sec

() msec (d) 3z /2sec
A particle has simple harmonic motion. The equation of its motion

is X=5$i!’(4t—%j, where x is its displacement. If the

displacement of the particle is 3 units, then it velocity is

[MP PMT 1994]
2 5r
a) — b) —
@) 3 (b) 5
() 20 (d) 16

10. [Pb.ICET 58] PR EMIngYY; eeillatesogyith an amplitude of 50 mm and

time period of 2 sec, then its maximum velocity is

[AIMS 1998; MH CET 2000; DPMT 2000]
(@) 010m/s (b) 015 m/s
(¢) 08 m/s (d) 026 m/s
If the displacement of a particle executing SHM is given by
y =0.30sin@20t+0.64) in metre, then the frequency and
maximum velocity of the particle is [AFMC 1998]

(@) 35 Hz 66 m/ s
() 58 Hz13 m/s

(b) 45 Hz, 66 m /s
(d) 35 Hz 132 m/s
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The maximum velocity and the maximum acceleration of a body
moving in a simple harmonic oscillator are 2m/s and 4m/s?.
Then angular velocity will be

[Pb. PMT 1998; MH CET 1999, 2003]
(b) 0.5 rad/sec

(d) 2 radysec

(@) 3 rad/sec
(c) 1 rad/sec
If a particle under S.H.M. has time period 0.1 sec and amplitude

2x1073m . 1t has maximum velocity

[RPET 2000]
T T
—m/s b) —ml/s
@) G (b) 26
T
() 30 m/s (d) None of these

A particle executing simple harmonic motion has an amplitude of 6
cm. Its acceleration at a distance of 2 c¢m from the mean position is

8.cm/s?. The maximum speed of the particle is [EAMCET (Engg.) 2000]
(@) 8 cmss
() 16 cmy/s

(b) 12 emfs
(d) 24 cmys
A particle executes simple harmonic motion with an amplitude of 4
cm. At the mean position the velocity of the particle is 10 cm/s. The

distance of the particle from the mean position when its speed
becomes 5 cm/s is

[EAMCET (Med.) 2000]

@ V3cm () V/5cm

© 2(3)cm @ 2(5)cm

Two particles P and Q start from origin and execute Simple
Harmonic Motion along X-axis with same amplitude but with
periods 3 seconds and 6 seconds respectively. The ratio of the
velocities of Pand @ when they meet is

[EAMCET 2001]
@ 1:2 (b) 2:1
(c) 2:3 (d) 3:2
A particle is performing simple harmonic motion with amplitude A

and angular velocity @. The ratio of maximum velocity to maximum

acceleration is [Kerala (Med.) 2002]

(@) o ®b) Vo
d) Ao

The angular velocities of three bodies in simple harmonic motion are

(€ @

Wy, @,, W3 with their respective amplitudes as A, A,, A5 . If all

the three bodies have same mass and velocity, then

2 2 2
@ A =Aw, = Ao, (b) A" = Ayw," = Az

2 2 2 2 2 2 2 2
© Aoy =Aw,=Aw3 (d) Ao =A 0" =A
The velocity of a particle performing simple harmonic motion, when
it passes through its mean position is
[MH CET (Med.) 2002; BCECE 2004]
(b) Zero
(d) Maximum

(@) Infinity
(¢) Minimum

The velocity of a particle in simple harmonic motion at displacement
y from mean position is

2L

22.

23.

24.

25.

26.

27.

1.
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[BCECE 2003; RPMT 2003]

(b) wya’-y?
d) o /az_yz

X =Acos(@t—0). The

@) wya?+y?

(€) ay
A particle is executing the motion
maximum velocity of the particle is

[BHU 2003; CPMT 2004]
(@) Awcosd (b) Aw
(c) Awsing
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
my/s. The maximum velocity of the particle is (in m/s)
(a) o.01 (b) o0.05
() 05 (d) o.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«/§cm /s, will be

(d) None of these

[Pb. PET 2003]
(b) /3cm
(d) 2cm

The maximum velocity of a simple harmonic motion represented by

(@) 2v/3cm

() 1em

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

[BCECE 2005]

3z
(@) 300 (b) ry
p/4
(c) 100 d) r

The displacement equation of a particle is X = 3Sin2t+4 cos2t.
The amplitude and maximum velocity will be respectively

(@) 5,10 (b) 3,2
(c) 42 (d) 34

Velocity at mean position of a particle executing S.HM. is v, they
velocity of the particle at a distance equal to half of the amplitude

(@) 4av (b) 2v
J3 J3
(c) -5 ) -

The instantaneous displacement of a simple pendulum oscillator is

given bwwﬂwﬁos[wt + %] . Its speed will be maximum at time

VA T
? 20 © 2%
@ = @ 2
[0) w

Acceleration of Simple Harmonic Motion

Which of the following is a necessary and sufficient condition for
S.H.M. [NCERT 1974]
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(@) Constant period

(b) Constant acceleration

(c) Proportionality between acceleration and displacement from
equilibrium position

(d) Proportionality between restoring force and displacement from
equilibrium position

If a hole is bored along the diameter of the earth and a stone is
dropped into hole [CPMT 1984]
(@) The stone reaches the centre of the earth and stops there

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

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

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

space
The acceleration of a particle in SH.M. is [MP PMT 1993]

) Always zero

(
(b
(
(

=

a
Always constant

¢) Maximum at the extreme position

d) Maximum at the equilibrium position

The displacement of a particle moving in S.H.M. at any instant is

. T
given by y=asinat. The acceleration after time t:Z is

(where Tis the time period) [MP PET 1984]
(a) aw (b) —aw
() aw? d) -aw’

The amplitude of a particle executing S.H.M. with frequency of 60

Hz is 0.01 m. The maximum value of the acceleration of the particle
is

[DPMT 1998; CBSE PMT 1999; AFMC 2001;

Pb. PMT 2001; Pb. PET 2001, 02; CPMT 1993, 95, 04;

RPMT 2005; MP PMT 2005]

() 1447z°m /sec? (b) 144m Jsec?

(e ﬁm/sec2 (d) 2887°m /sec?
T

A small body of mass 0.10 kg is executing SH.M. of amplitude 1.0 m
and period 0.20 sec. The maximum force acting on it is
(a) 98.596 N (b) 98596 N
(¢) 1002 N (d) 7623 N
A body executing simple harmonic motion has a maximum
acceleration equal to 24metres /sec? and maximum velocity equal
to 16 metres /sec. The amplitude of the simple harmonic motion
is

[MP PMT 1995; DPMT 2002; RPET 2003; Pb. PET 2004]
@) 32 hetres (b) 3 metres

3 32

1024

(c) metres (d) %metres

For a particle executing simple harmonic motion, which of the

following statements is not correct

[MP PMT 1997; AlIMS 1999; Kerala PMT 2005]

a) The total energy of the particle always remains the same

(b) The restoring force of always directed towards a fixed point
( The restoring force is maximum at the extreme positions

The acceleration of the particle is maximum at the equilibrium
position
A particle of mass 10 grams is executing simple harmonic motion

with an amplitude of 0.5 m and periodic time of (7/5) seconds.

The maximum value of the force acting on the particle isJ]MP PET 1999; MP PMT

(@) 25N
() 25N

(b) 5N
(d) os5N

The displacement of an oscillating particle varies with time (in

1
seconds) according to the equation y (cm) = sin %(%+§j The

maximum acceleration of the particle is approximately

(@) 5.21cm/s? (b) 3.62cm/s?

() 1.81cm/s? (d) 0.62cm/s’

A particle moving along the x-axis executes simple harmonic motion,
then the force acting on it is given by

[CBSE PMT 1994]
(@) - AKx
(©) Aexp (- ¥

(b) A cos (kx)
(d) Akx
Where A and K are positive constants

A body is vibrating in simple harmonic motion with an amplitude of
0.06 m and frequency of 15 Hz The velocity and acceleration of
body is [AFMC 1999]

(a) 5.65m/s and 5.32x10%m/s?
(b) 6.82m/s and 7.62x10%m/s?
(c) 8.91m/s and 8.21x10%m/s?

(d) 9.82m/s and 9.03x10%m/s?

A particle executes harmonic motion with an angular velocity and
maximum acceleration of 3.5 rad/sec and 7.5 m/s respectively. The

amplitude of oscillation is

[ANIMS 1999; Pb. PET 1999]
(@) 028 m (b) 036 m
(¢) 0.53m (d) 0.61m

A 0.10 kg block oscillates back and forth along a horizontal surface.
Its  displacement  from  the origin is given  by:
X = (@L0cm)cos[(l0rad/s)t + z/2rad]. What is the maximum

acceleration experienced by the block [AMU (Engg.) 2000]

@) 10 m/s? (b) 107 m/s?
107[ 2 1071' 2
—m/s d) ——m/s

(c) > (d) 3

In S.H.M. maximum acceleration is at
[RPET 2001; BVP 2003]
(a) Amplitude (b) Equilibrium

(c) Acceleration is constant (d) None of these
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21.

A particle is executing simple harmonic motion with an amplitude of
0.02 metre and frequency 50 Hz. The maximum acceleration of the

particle is [MP PET 2001]

(a) 100 m/s? (b) 10072 m/s?

(¢) 100 m/s? (d) 20072 m/s?

Acceleration of a particle, executing SHM, at it'’s mean position isf]MH CET (Med.) 2&5)2]
(@) Infinity (b) Varies

() Maximum (d) Zero

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

(@) When vis maximum, ais maximum

(b) Value of ais zero, whatever may be the value of v
(c) When vis zero, ais zero

(d) When vis maximum, ais zero

What is the maximum acceleration of the particle doing the SHM

y= ZSiF{% + ¢i| where 2 is in cm [DCE 2003)

”2

T 2 2
—cm/s b) —cm/s
(@) 2 (b) 2

© Zemis? @ Zemis?

4 4
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 is

[Kerala PET 2005]

) 2743

2r J3
(€ —= ) —=
J3 2
In simple harmonic motion, the ratio of acceleration of the particle
to its displacement at any time is a measure of
[UPSEAT 2001]
(a) Spring constant (b) Angular frequency

() (Angular frequency) (d) Restoring force

Energy of Simple Harmonic Motion

The total energy of a particle executing S.H.M. is proportional to
[CPMT 1974, 78; EAMCET 1994; RPET 1999;
MP PMT 2001; Pb. PMT 2002; MH CET 2002]

a) Displacement from equilibrium position

fonl
~

Frequency of oscillation

C

o

Velocity in equilibrium position

—~ o~ o~ —~

d) Square of amplitude of motion

A particle executes simple harmonic motion along a straight line
with an amplitude A. The potential energy is maximum when the

displacement is [CPMT 1982]
(@) A (b) Zero

A
© =2

> @

4.
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A particle is vibrating in a simple harmonic motion with an
amplitude of 4 cm. At what displacement from the equilibrium

position, is its energy half potential and half kinetic[NCERT 1984; MNR 1995;

RPMT 1995; DCE 2000; UPSEAT 2000]
(b) \/E cm
3 cm (d) 2J2 em

For a particle executing simple harmonic motion, the kinetic energy

(@) 1em

K is given by K=K, cos? @t . The maximum value of potential

energy is [CPMT 1981]
(a) K[OCBSE PMT 2004] (b) Zero

Ko )
(c) S (d) Not obtainable

The potential energy of a particle with displacement X'is U/(X). The
motion is simple harmonic, when (K'is a positive constant)
KX?

@ U=- (b)

2
() U=K (d) U=KX
The kinetic energy and potential energy of a particle executing
simple harmonic motion will be equal, when displacement
(amplitude = a) is

U=KX?

[MP PMT 1987; CPMT 1990; DPMT 1996;
MH CET 1997, 99; AFMC 1999; CPMT 2000]

(@) % b) a2

o 2 @ a2
) —
V2 3
The total energy of the body executing SH.M. is E Then the kinetic
energy when the displacement is half of the amplitude, is
[RPMT 1994, 96; CBSE PMT 1995; JIPMER 2002]

E E

(a) 35 (b) 7
3E J3

(c) v (d) - E

The potential energy of a particle executing SH.M. is 2.5 J, when its
displacement is half of amplitude. The total energy of the particle be

@ 18/ (b) 10/

() 127 d) 25/

The angular velocity and the amplitude of a simple pendulum is @
and a respectively. At a displacement X from the mean position if its
kinetic energy is 7 and potential energy is V, then the ratio of 7 to
Vis [CBSE PMT 1991]

@) X20®/@®

—X2w?) (b) X?/@*>-X?)

© @ =X%w?)X*w? d) @ -X?%)1/Xx?

When the potential energy of a particle executing simple harmonic
motion is one-fourth of its maximum value during the oscillation,
the displacement of the particle from the equilibrium position in

terms of its amplitude ais

[CBSE PMT 1993; EAMCET (Engg.) 1995;
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MP PMT 1994, 2000; MP PET 1995, 96, 2002]
al4 (b) al/3

() al2 (d) 2a/3

A particle of mass 10 gm is describing S.H.M. along a straight line
with period of 2 sec and amplitude of 10 cm. Its kinetic energy when

it is at 5 cm from its equilibrium position is

() 37.57%rgs (b) 3.757z%rgs

(c) 375x%rgs (d) 0.3757%rgs

When the displacement is half the amplitude, the ratio of potential
energy to the total energy is

[CPMT 1999; JIPMER 2000; Kerala PET 2002]

1 1

(a) 7 (b) 7
1

(0 1 (d) n

The P.E. of a particle executing SHM at a distance x from its

equilibrium position is

[Roorkee 1992; CPMT 1997; RPMT 1999]

1 2,2 1 2,2
— Mo X b) —mow-a
@ Zme b Zmae

() %m o’@% —x?) (d) Zero

A vertical mass-spring system executes simple harmonic oscillations
with a period of 2 5. A quantity of this system which exhibits simple
harmonic variation with a period of 1 sis

(@) Velocity

(b) Potential energy

(c) Phase difference between acceleration and displacement
(d) Difference between kinetic energy and potential energy

For any S.H.M,, amplitude is 6 cm. If instantaneous potential energy
is half the total energy then distance of particle from its mean

position is [RPET 2000]
(@) 3cm (b) 4.2 cm
(¢) 58 cm (d) 6cm

A body of mass 1Kg is executing simple harmonic motion. Its
y(cm) at ¢t seconds s

y =6sin(LO0t + 7z/4) . Its maximum kinetic energy is

displacement given by
[EAMCET (Engg.) 2000]

@ 6/ (b) 18/

(€) 24) (d) 36/

A particle is executing simple harmonic motion with frequency £
The frequency at which its kinetic energy change into potential

energy is [MP PET 2000]
(@ f2 (b) £
() 2F d) 4fF

20.

2L

22,

23.

24.

25.

26.

There is a body having mass m and performing SHM. with

amplitude a. There is a restoring force F =—KX , where x is the
displacement. The total energy of body depends upon

[CBSE PMT 2001]
(@) Kx (b) Ka
(€ Kax (d)

The totN1RRMEIME] particle executing SH.M. is 80 /. What is the
potential energy when the particle is at a distance of 3/4 of
amplitude from the mean position

Kav

[Kerala (Engg.) 2001]
(a) 60/ (b) 10/
(c) 40 (d) 45/
In a simple harmonic oscillator, at the mean position

[AIEEE 2002]

(@) Kinetic energy is minimum, potential energy is maximum
(b) Both kinetic and potential energies are maximum
(c) Kinetic energy is maximum, potential energy is minimum
(d) Both kinetic and potential energies are minimum

Displacement between maximum potential energy position and
maximum kinetic energy position for a particle executing S.H.M. is

(@ -a (b) +a

() *a d =

IR

When a mass M is attached to the spring of force constant £ then
the spring stretches by / If the mass oscillates with amplitude /
what will be maximum potential energy stored in the spring

kl

— b) 2kl
@ > (b)

1
(c) EM9| [SCRA1998]  (d) Mg/

The potential energy of a simple harmonic oscillator when the
particle is half way to its end point is (where E'is the total energy)

1 1
(@) 3 E (b) 7 E

1 2
(c) 7 E (d) 3 E

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 statements is
true [AIEEE 2003]

(@) P.E. is maximum when x =0

(b) KE. is maximum when x= 0

() T.E.is zero when x=0

(d) KE. is maximum when x is maximum

If <B> and <l denote the average kinetic and the average potential
energies respectively of mass describing a simple harmonic motion,
over one period, then the correct relation is

(a) <E> = <l (b) <E> = 2<lb
(C) <E> = - 2<l5 (d) <B=— <l

The total energy of a particle, executing simple harmonic motion is

(a) ocx (b) o x



27.

28.

29.

30.

3L

32.

33.

(c) Independent of X d) o x1/2

The kinetic energy of a particle executing SH.M. is 16 / when it is at
its mean position. If the mass of the particle is 0.32 kg, then what is
the maximum velocity of the particle

[MH CET 2004]
(@) 5m/s (b)
() 10m/s (d)

15m/s
20m/s

Consider the following statements. The total energy of a particle
executing simple harmonic motion depends on its

(1) Amplitude (2) Period (3) Displacement
Of these statements [RPMT 2001; BCECE 2005]
(@) (1) and (2) are correct

(b) (2) and (3) are correct

() (1) and (3) are correct

(d) (1), (2) and (3) are correct

A particle starts simple harmonic motion from the mean position. Its
amplitude is a and total energy E. At one instant its kinetic energy is

3E /4. Its displacement at that instant is

[Kerala PET 2005]

@ alv2 ®) al2

a
c d /\/§
(c) iz d a

A particle executes simple harmonic motion with a frequency f.

The frequency with which its kinetic energy oscillates is [IIT JEE 1973, 87; Ma

MP PET 1997; DCE 1997; DCE 1999; UPSEAT 2000;
RPET 2002; RPMT 2004; BHU 2005]

@@ fr2 (b) f
(c) 2f (d) 4f

The amplitude of a particle executing SHM is made three-fourth
keeping its time period constant. lts total energy will be

E 3
@ = ® +E
(c) i E (d) None of these

16

A particle of mass m is hanging vertically by an ideal spring of force
constant K If the mass is made to oscillate vertically, its total energy
is [CPMT 1978; RPET 1999]

(a) Maximum at extreme position
(b) Maximum at mean position
(¢) Minimum at mean position
(d) Same at all position

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 [MP PMT 1999]

(@) Not periodic

(b) Periodic but not simple harmonic
(c) Periodic and simple harmonic
(

d) Periodic with variable time period

34. A body is executing Simple Harmonic Motion. At a displacement x
its potential energy is E; and at a displacement y its potential
energy is E, . The potential energy E at displacement (X +Y) is [EAMCET 20
@) VJE =JE -E &) JE =JE +E,

(g E=E +E, d) E=E+E,
Time Period and Frequency

1. 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

[NCERT 1984; CPMT 1991; MP PMT 1994;
MNR 1995; UPSEAT 2000]
27
@ 2zJb b =
Vb
27 73
(€© — (d) 2\/:
b b
. . gy ,
2. The equation of motion of a particle is e + Ky =0, where Kis
positive constant. The time period of the motion is given by
2
@ ®) 27K
K
27
© L d) 27K
nipal MEE 199¢;E

3. 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
(@) 84.6 minutes
(b) 42.3 minutes
(c) 1day
(d) Will not reach the other end

[RPMT 2004]

4. The maximum speed of a particle executing S.H.M. is Im /S and its
maximum  acceleration is 1.57m /Sec?. The time period of the
particle will be [DPMT 2002]

(a) ! sec (b) 157

a) —— .57 sec
1.57

(¢) 2 sec (d) 4 sec

5. The motion of a particle executing SHM. is given by
X =0.01sin1007(t +.05), where x is in metres and time is in
seconds. The time period is [CPMT 1990]

(a) o0.01 sec (b) 0.02 sec
(c) 0. sec (b) 0.2 sec
6. The kinetic energy of a particle executing SH.M. is 16 ] when it is in

Simple Harmonic Motion 769

its mean position. If the amplitude of oscillations is 25 cm and the

mass of the particle is 5.12 kg, the time period of its oscillation is

[Haryana CEE 1996; AFMC 1998]
(@) — sec (b) 27 sec

() 207 sec (d) 57 sec
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The acceleration of a particle performing S.H.M. is 12cm /sec? at

A simple harmonic wave having an amplitude a and time period Tis
represented by the equation Y = 5Sinz(t +4)m. Then the value of

a distance of 3 cm from the mean position. Its time period is [MP PET 1996; MP PMT 1

(@) 0.5 sec (b) 1.0 sec

(c) 2.0 sec (d) 3.4 sec

To make the frequency double of an oscillator, we have to

[CPMT 1999]
(@) Double the mass
(b) Half the mass
() Quadruple the mass
(d) Reduce the mass to one-fourth
What is constant in SH.M. [UPSEAT 1999]

(@) Restoring force (b) Kinetic energy

(c) Potential energy (d) Periodic time
If a simple harmonic oscillator has got a displacement of 0.02 7 and

acceleration equal to 2.0ms™ at any time, the angular frequency
of the oscillator is equal to

[CBSE PMT 1992; RPMT 1996]

() 10rads™ (b) 0.lrads™

(¢) 100rads™ (d) 1lrads™

The equation of a simple harmonic  motion s
X =0.34c0s(3000t + 0.74) where X and ¢ are in mm and sec.

The frequency of motion is [Kerala (Engg.) 2002]

(a) 3000 (b) 3000/27
() 0.742rx (d) 3000/

Mark the wrong statement

(@) All SH.M.s have fixed time period

[MP PMT 2003]

(b) All motion having same time period are S.H.M.
(c) In S.H.M. total energy is proportional to square of amplitude
(d) Phase constant of S.H.M. depends upon initial conditions

A particle in SHM is described by the displacement equation
X(t) = Acos(at + 6). If the initial (¢ = 0) position of the particle is
1 cm and its initial velocity is 7 cmy/s, what is its amplitude? The
angular frequency of the particle is st

[DPMT 2004]

®) V2 em

(d) 25 cm

(@ 1em
() 2cm
A particle executes SHM in a line 4 cm long. lts velocity when
passing through the centre of line is 12 cm/s. The period will be

(a) 2.047 s (b) 1.047 s
() 3.047 s (d) 0.047 s

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

X = 0.01cos[;rt+%j

The frequency of the motion will be  [UPSEAT 2004]
(@) 0.5 Hz (b) 1.0 Hz

© %Hz d) 7Hz

am?)?iulde (a) in (m) and time period (7) in second are [Pb. PET 2004]
(@@ a=10,T =2 (b) a=5T=1
(g a=10,T =1 (d) a=5T=2

A particle executing simple harmonic motion of amplitude 5 cm has
maximum speed of 31.4 cmys. The frequency of its oscillation is

() 3 Hz (b) 2 Hz

(c) 4 Hz d) 1Hz

The displacement x (in metres) of a particle performing simple
harmonic motion is related to time ¢ (in seconds) as

x =0.05 COS(4 mt+ %] . The frequency of the motion will be

(a) 0.5 Hz
(c) 15 Hz

(b) 1.0 Hz
(d) 2.0 Hz

Simple Pendulum

The period of a simple pendulum is doubled, when

[CPMT 1974; MNR 1980; AFMC 1995; Pb. PET/PMT 2002]
a) lts length is doubled
b) The mass of the bob is doubled

c) lts length is made four times

(
(
(
(d

)
) The mass of the bob and the length of the pendulum are
doubled

The period of oscillation of a simple pendulum of constant length at
earth surface is 7. Its period inside a mine is

[CPMT 1973; DPMT 2001]
(@) Greater than T (b) Lessthan 7
(¢) Equalto T (d) Cannot be compared

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

[NCERT 1972; BHU 1979]

kJ

A pendulum suspended from the ceiling ‘of a train has a period 7,

(@) Remains unchanged
(b) Increase
(c) Decrease

(d) Become erratic

when the train is at rest. When the train is accelerating with a

unifornrpic‘c];]]ﬁrz;ggg] a, the period of oscillation will[NCERT 1980; CPMT 1997]

(@) TIncrease (b) Decrease
() Remain unaffected (d) Become infinite

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)

[T 1973; DCE 2002]

1
(a) f sec (b) 2\/_ sec

(c) 2 sec (d) — sec



A simple pendulum is set up in a trolley which moves to the right 12

with an acceleration a on a horizontal plane. Then the thread of the

pendulum in the mean position makes an angle @ with the vertical

g a . .
1 2 jn the forward direction

(@) tan
g
pa . .
(b) tan™" — in the backward direction
g
13.
() tan 19 in the backward direction
a
(d) tan”* g in the forward direction
a
Which of the following statements is not true ? In the case of a
simple pendulum for small amplitudes the period of oscillation is “
(@) Directly proportional to square root of the length of the
pendulum
(b) Inversely proportional to the square root of the acceleration
due to gravity
(c) Dependent on the mass, size and material of the bob 15.
(d) Independent of the amplitude
The time period of a second's pendulum is 2 sec. The spherical bob
which is empty from inside has a mass of 50 gm. This is now
replaced by another solid bob of same radius but having different
mass of 100 gm. The new time period will be 16.
(@) 4 sec (b) 1 sec
(¢) 2 sec (d) 8 sec
A man measures the period of a simple pendulum inside a stationary
lift and finds it to be 7 sec. If the lift accelerates upwards with an 17.

acceleration g /4, then the period of the pendulum will be

@ 7

T
(b) Z ii Pendulum

2T
() 5 ﬂ

d 2TV5

A simple pendulum is suspended from the roof of a trolley which
moves in a horizontal direction with an acceleration a, then the time

Lift

/ |
period is given by T =27 |— , where @' is equal to 18.
g

@ & (b) g-a

(©) g+a d) Vg®+a’

A second's pendulum is placed in a space laboratory orbiting around
the earth at a height 3R where R is the radius of the earth. The

time period of the pendulum is

[CPMT 1989; RPMT 1995]

2\/5 sec

(d) Infinite

(@) Zero (b)

(c) 4 sec

Simple Harmonic Motion 771
[S—
The bob of a simple pendulum of mass m and total energy E will

have maximum linear momentum equal to

[CPMT 1983] [MP PMT 1986]

©) \/ZmE (b) +2mE
() 2mE d) mE?

The length of the second pendulum on the surface of earth is 1 m.
The length of seconds pendulum on the surface of moon, where g is
1/6th value of g on the surface of earth, is

[CPMT 1971]
(@ 1/6m (b)
() 1/36m (d) 36 m

If the ILrl\l‘l(g:tR’];Pssezgond's pendulum is decreased by 2%, how many

seconds it will lose per day [CPMT 1992]

6m

(@) 3927 sec (b) 3727 sec

(c) 3427 sec (d) 864 sec

The period of simple pendulum is measured as 7'in a stationary lift.
If the lift moves upwards with an acceleration of 5 g, the period will

be [MNR 1979]
(@) The same (b) Increased by 3/5
(c) Decreased by 2/3 times (d) None of the above

The leniteERTagiajple pendulum is increased by 1%. Its time period

will [MP PET 1994; RPET 2001]
(@) Increase by 1% (b) Increase by 0.5%
() Decrease by 0.5% (d) TIncrease by 2%

A simple pendulum with a bob of mass m’ oscillates from A to C

[NCE'R#‘ ks ﬁ?ltfz%lﬁ'? that PBis H. If the acceleration due to gravity is
2 then the velocity of the bob as it passes through Bis

[CBSE PMT 1995; DPMT 1995; Pb. PMT 1996]

A P c

(@) mgH (b) V2gH

() 2gH (d) Zero

]dentifylﬁﬂﬂ'qgfgﬂatement among the following
[Manipal MEE 1995]

(a) The greater the mass of a pendulum bob, the shorter is its
frequency of oscillation

(b) A simple pendulum with a bob of mass M swings with an
angular amplitude of 40°. When its angular amplitude is

20°, the tension in the string is less than Mg cos 20°.

(c) As the length of a simple pendulum is increased, the maximum
velocity of its bob during its oscillation will also decreases

(d) The fractional change in the time period of a pendulum

on changing the temperature is independent of the length of
the pendulum
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19.

20.

21.

22.

23.

24.

25.

26.

The bob of a pendulum of length / is pulled aside from its
equilibrium position through an angle & and then released. The

bob will then pass through its equilibrium position with a speed v

where v equals [Haryana CEE 1996]

(a) +2gl@ —sing) (b) 29I +cos )
(¢) 29l —cos) (d) 2gl@ +sino)

A simple pendulum executing S.H.M. is falling freely along with the
support. Then

(@) lts periodic time decreases
(b) lts periodic time increases
(c) 1t does not oscillate at all
(d) None of these

A pendulum bob has a speed of 3 m/s at its lowest position. The
pendulum is 0.5 m long. The speed of the bob, when the length

makes an angle of 60° to the vertical, will be (If g =10m/s?)

(@) 3m/s ) %m/s
1
() Em/s (d)y 2m/s

The time period of a simple pendulum is 2 sec. If its length is
increased 4 times, then its period becomes

[CBSE PMT 1999; DPMT 1999]

(@) 16 sec (b) 12 sec

(c) 8 sec (d) 4 sec

If the metal bob of a simple pendulum is replaced by a wooden bob,
then its time period will [AIMS 1998, 99]

(@) Increase

(b) Decrease

(c) Remain the same

(d) First increase then decrease

In a simple pendulum, the period of oscillation 7'is related to length
of the pendulum /as [EAMCET (Med.) 1995]

|2

|
(a) T = constant (b) — = constant

2
(c) TLzzconstant (d) %

= constant

A pendulum has time period 7. If it is taken on to another planet
having acceleration due to gravity half and mass 9 times that of the
earth then its time period on the other planet will be

@ T ® 7
@ J2T

A simple pendulum is executing simple harmonic motion with a
time period 7. If the length of the pendulum is increased by 21%, the
percentage increase in the time period of the pendulum of increased

length is

(C) Tl/3

[BHU 1994, 96; Pb. PMT 1995; AFMC 2001;

AIIMS 2001; AIEEE 2003]

27.

28.

29.

30.

3L

32.

33.

34.

35.

(a) 10% (b) 21%

() 30% (d) 50%

If the length of simple pendulum is increased by 300%, then the

time period will be increased by [RPMT 1999]

(a) 100% (b) 200%

(c) 300% (d) 400%

The length of a seconds pendulum is  [RPET 2000]
(a) 99.8 cm (b) 99 cm

(e) 100 cm (d) None of these

The time period of a simple pendulum in a lift descending with
constant acceleration g is [DCE 1998; MP PMT 2001]

(a) T=27r\/I (b) T=2”\/I
9 29

(c) Ze[l;ap PET 1996] (d) Infinite
199

A chimpanzee swinging on a swing in a sitting position, stands up
suddenly, the time period will

[KCET (Engg./Med.) 2000; AIEEE 2002; DPMT 2004]

(@) Become infinite (b) Remain same

(c) Increase (d) Decrease

The acceleration due to gravity at a place is 72 m/sec?. Then the

time period of a simple pendulum of length one metre is

(a) 3sec (b) 2msec

T

(c) 2sec (d) 7sec

A plate oscillated with time period ‘7. Suddenly, another plate put

on the first plate, then time period [AIEEE 2002]

(@) Will decrease (b) Will increase

() Will be same (d) None of these

A simple pendulum of length /has a brass bob attached at its lower
end. lts period is 7. 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 27, then new length is

@ 2/ ®) 4/

A
X

© 4/x (d)

In a seconds pendulum, mass of bob is 30 gm. If it is replaced by 90
gm mass. Then its time period will

[CMEET Bihar 1995] [Orissa PMT 2001]
(@) 1sec (b) 2 sec
(c) 4 sec (d) 3 sec

The time period of a simple pendulum when it is made to oscillate

on the surface of moon [) & K CET 2004]

(a) Increases (b) Decreases

() Remains unchanged (d) Becomes infinite



36.

37.

38.

39.

40.

41.

42,

43.

A simple pendulum is attached to the roof of a lift. If time period of
oscillation, when the lift is stationary is 7. Then frequency of
oscillation, when the lift falls freely, will be

[DCE 2002]
(@) Zero

() VT

(b) 7
(d) None of these

A simple pendulum, suspended from the ceiling of a stationary van,
has time period 7. If the van starts moving with a uniform velocity
the period of the pendulum will be

[RPMT 2003]
(@) Lessthan T (b) Equalto 2T
(c) Greater than T (d) Unchanged

If the length of the simple pendulum is increased by 44%, then what
is the change in time period of pendulum

[MH CET 2004; UPSEAT 2005]
(@) 22% (b) 20%
() 33% (d) 44%

To show that a simple pendulum executes simple harmonic motion,
it is necessary to assume that [CPMT 2001]

(@) Length of the pendulum is small
(b) Mass of the pendulum is small

() Amplitude of oscillation is small
(d) Acceleration due to gravity is small

The height of a swing changes during its motion from 0.1 m to 2.5
m. The minimum velocity of a boy who swings in this swing is

(b) 495 m/s
(d) Zero

(@) 54m/s
(¢) 314m/s

The amplitude of an oscillating simple pendulum is 10cm and its
period is 4 sec. Its speed after 1 sec after it passes its equilibrium

position, is
(@) Zero (b) 0.57m/s
(¢) 0.212m/s (d) 0.32m/s

A simple pendulum consisting of a ball of mass m tied to a thread of
length /is made to swing on a circular arc of angle & in a vertical
plane. At the end of this arc, another ball of mass m is placed at
rest. The momentum transferred to this ball at rest by the swinging
ball is [NCERT 1977]

®) me\/g
© Mo L @ Mo/l
I Vg I g

A simple pendulum hangs from the ceiling of a car. If the car

(@) Zero

accelerates with a uniform acceleration, the frequency of the simple

pendulum will [Pb. PMT 2000]

(@) Increase (b) Decrease

() Become infinite (d) Remain constant

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 [MP PMT 1985]

45.

46.

47.

48.

49.

50.

51.

52.
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il

(@) 2.5 (b) 5

d) 5v2

The ratio of frequencies of two pendulums are 2 :

() 10

3, then their

length are in ratio [DCE 2005]

@ +2/3 b) 372
(c) 4/9 d 9/4

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

[) & K CET 2005]
(@ 7:8 (b) 8:7
() 49:64 (d)

A simple pendulum hanging from the ceiling of a stationary lift has
a time period 7. When the lift moves downward with constant
velocity, the time period is 7, then

64 : 49

[Orissa JEE 2005]

(@) T, isinfinity by T,>T,

() T,<Ty d T,=T

If the length of a pendulum is made 9 times and mass of the bob is
made 4 times then the value of time period becomes

[BHU 2005]
(a) 3T (b) 32T
(c) 4T (d) 27
A simplcprrEideri is taken from the equator to the pole. Its period
(@) Decreases
(b) Increases
(c) Remains the same
(d) Decreases and then increases

A pendulum of length 2m lift at 2 When it reaches @, it losses 10%

of its total energy due to air resistance. The velocity.at Q is

(@) 6 m/sec :
- P
(b) 1 my/sec am g
(¢) 2 m/sec é
(d) 8 m/sec L

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 7. If the

resultant acceleration becomes ( /4, then the new time period of

the pendulum is [DCE 2004)]
(a) 08T (b) 025 7T
() 2T d) 4T

The period of a simple pendulum measured inside a stationary lift is

found to be 7. If the lift starts accelerating upwards with

acceleration of ¢/ 3, then the time period of the pendulum is [RPMT 2000; DP}

T
(@) ®) 3

T @ V3T
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53.

54.

55.

56.

57.

58.

59.

60.

Time period of a simple pendulum will be double, if we

[MH CET 2003]
a) Decrease the length 2 times

b

=

(
(b) Decrease the length 4 times
(c) Increase the length 2 times
(d) Increase the length 4 times

Length of a simple pendulum is / and its maximum angular

displacement is 6, then its maximum K.E. is

[RPMT 1995; BHU 2003]
(@) mglsing (b) mgl(L +sing)
() mglL+coséd) (d) mgl(L—coséd)
The velocity of simple pendulum is maximum at
[RPMT 2004]
(a) Extremes (b) Half displacement
(¢) Mean position (d) Every where

A simple pendulum is vibrating in an evacuated chamber, it will

oscillate with [Pb. PMT 2004]
(b) Constant amplitude

(d) First (c) then (a)

(@) Increasing amplitude
(c) Decreasing amplitude

The time period of a simple pendulum of length L as measured in

an elevator descending with acceleration % is

[CPMT 2000]

(@) 2« 3t b) = [ﬂ]
g g

/ 3L 2L
(© 27 (ZJ d 27 \/%

If a body is released into a tunnel dug across the diameter of earth,

it executes simple harmonic motion with time period

(@ T=2rx Re b T=2rx 2R
g g
() T=27 ;—; (d) T =2 seconds

What is the velocity of the bob of a simple pendulum at its mean
position, if it is able to rise to vertical height of 10cm (g = 9.8 m/s)

(@) 2.2 mss -

(b) 18 mss
() 14 mss ’,’I, ‘\‘\\
d) 0.6 m/s )

AQ 28
A simple pendulum has time period \f—U‘bbfb is given negative
charge and surface below it is given positi#¢ charge. The new time

period will be [AFMC 2004]

(@) Lessthan T (b) Greater than T

() Equalto T (d) Infinite

What effect occurs on the frequency of a pendulum if it is taken

from the earth surface to deep into a mine

[AFMC 2005]
(@) Increases
(b) Decreases
(c) First increases then decrease
()

None of these

Spring Pendulum

Two bodies M and N of equal masses are suspended from two
separate massless springs of force constants k and & respectively. If
the two bodies oscillate vertically such that their maximum velocities
are equal, the ratio of the amplitude M to that of Nis

[NT-JEE 1988; MP PET 1997, 2001; MP PMT 1997;

BHU 1998; Pb. PMT 1998; MH CET 2000, 03; AIEEE 2003)]

LY Ky
@ (b) \/Z

(© = @ =

A mass m is suspended by means of two coiled spring which have
the same length in unstretched condition as in figure. Their force
constant are k and k respectively. When set into vertical vibrations,
the period will be [MP PMT 2001]

E )
m m
@ 2 T 29)

m m
() 27 (kl—kzj (d) 2r (k1+k2]

A spring has a certain mass suspended from it and its period for

vertical oscillation is 7. The spring is now cut into two equal halves
and the same mass is suspended from one of the halves. The period

of vertifgl_ms&ﬂlﬂﬂon is now
[MP PET 1995]

Q) —
@
(e 2T d) 2T

Two masses M; and M, are suspended together by a massless

spring of constant & When the masses are in equilibrium, m; is
removed without disturbing the system. Then the angular frequency

of oscillation of M, is
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K K 10. A spring having a spring constant X is loaded with a mass 7’ The
(@) — (b) [— spring is cut into two equal parts and one of these is loaded again
my m; with the same mass. The new spring constant is [NCERT 1990; KCET 1999;
K K Kerala PMT 2004; BCECE 2004]
c _— d
) \my+m, @ mim, (@ KI/2 b) K
In arrangement given in figure, if the block of mass m is displaced, () 2K d) K?
the frequency is given by 1. A weightless spring which has a force constant oscillates with
[BHU 1994; Pb. PET 2001] frequency 17 when a mass m is suspended from it. The spring is cut
into two equal halves and a mass 2m is suspended from it. The
A Y B frequency of oscillation will now become
0000000 ’ 0000000
K K [CPMT 1988]
1 [k =k 1 [k +k @ ® 20
1 K2 1+X%2
a) n=— || 122 b) n=—
@ "= [ m j ® = \/[ m ] (© ni2 d) n@)?
12. A mass M is suspended from a light spring. An additional mass m
() n= 1 m ] (d n= 1 [ m J added displaces the spring further by a distance x Now the
27 | kg +kp 27 | ky —kz combined mass will oscillate on the spring with period[CPMT 1989, 1998 ; UPSEA
Two identical spring of constant K are connected in series and (@) T=2r (mg/x(M +m))

parallel as shown in figure. A mass m is suspended from them. The

ratio of their frequencies of vertical oscillations will be [MP PET 1993; BHU 1997] b T=27 ((M M) /mg)

. (© T=(z/2)/(mg/x(M +m))
K K ) T =27z/((M+m)/mgx)
P 13. In the figure, S; and S, are identical springs. The oscillation
) (
(

(7 frequency of the mass m is f. If one spring is removed, the
’ frequency will become [CPMT 1971]
8
(@ 2:1 b) 1:1
() 1:2 d) 4: A a—— B
A mass m is suspended from the two coupled springs connected in S, ’ S,
series. The force constant for springs are K; and K,. The time
period of the suspended mass will be
[CBSE PMT 1990; Pb. PET 2002] @ f (b) fx2

c fx \/E d) f /\/E
@ T=2r1 (—m j b T=2z (—m J © @
K, +K; Ky + K, 14. The vertical extension in a light spring by a weight of 1 kg

suspended from the wire is 9.8 cm. The period of oscillation

() T=2x M d T=2x M [CPMT 1981; MP PMT 2003]
K; K, K; + K,
(@) 207z sec (b) 2rmsec
A spring is stretched by 0.20 m, when a mass of 0.50 kg is
suspended. When a mass of 0.25 kg is suspended, then its period of () 27/10sec (d) 2007 sec
oscillation will be (g =10m /32) 15. A particle of mass 200 gm executes SH.M. The restoring force is
(a) 0328 sec (b) 0628 sec pro.vide.d by. a spring of force constant 80 N/ m. The time period of
oscillations is [MP PET 1994]
(¢) 0.37 sec (d) 1.00 sec b
0.31 0.1
A mass M is suspended from a spring of negligible mass. The spring (a) 031 sec () 5 sec
is pulled a little and then released so that the mass executes simple () 0.05 sec (d) 0.02 sec

harmonic oscillations with a time period 7. If the mass is increased 16. The length of a spring is /and its force constant is <. When a weight

by m then the time period becomes (_Tj . The ratio of —— is[CPMT 1991] W is suspended from it, its length increases by x. If the spring is cut
4 M into two equal parts and put in parallel and the same weight W is

suspended from them, then the extension will be

(a) 9n6 (b) 25n16
() 4/5 (d) 5/4 @ 2x (b) x



20.

21.
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X X 24.

(o) 7 (d) 7

A block is placed on a frictionless horizontal table. The mass of the
block is m and springs are attached on either side with force

constants K; and K, . If the block is displaced a little and left to

oscillate, then the angular frequency of oscillation will be

. [Kl +K, j“z

m

KK 1/2
(b) {—1 2 }
m(K; +K3)

K.K 1/2 K2 KZ 1/2
@ |t @ |
Ky —Kz)m (K +Kz)m

A uniform spring of force constant & is cut into two pieces, the
lengths of which are in the ratio 1 : 2. The ratio of the force
constants of the shorter and the longer pieces is

[Manipal MEE 1995]
(b) 1:2
d) 2:1 25.

(@ 1:3
(¢) 2:3
A mass m =100 gms is attached at the end of a light spring which
oscillates on a frictionless horizontal table with an amplitude equal
to 0.6 metre and time period equal to 2 sec. Initially the mass is
released from rest at £ = 0 and displacement X =—0.16 metre.
The expression for the displacement of the mass at any time ¢ is [MP PMT 1995]

(@) x=0.16cos(rt) (b) x =-0.16cos(at)

() x=0.16sin@t+7) (d) x=-0.16sin@@t + )

A block of mass m, attached to a spring of spring constant £
oscillates on a smooth horizontal table. The other end of the spring
is fixed to a wall. The block has a speed v when the spring is at its
natural length. Before coming to an instantaneous rest, if the block
moves a distance x from the mean position, then

(@ x=+4mlk (b) x:%w/m/k 26.
() x=vym/k (d) x=+mv/k

The force constants of two springs are K; and K,. Both are

stretched till their elastic energies are equal. If the stretching forces

are F; and F,, then F : F, is 27.
[MP PET 2002]
@ KK (b)

© VKK, )

A mass m is vertically suspended from a spring of negligible mass;

K, 1 Ky

KZ: K2

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
(@ n/4 (b) 4n
() n/2 (d)y 2n

If the period of oscillation of mass m suspended from a spring is 2
sec, then the period of mass 4m will be

[ATIMS 1998] 28.
(b) 2 sec

(@) 1 sec

(c) 3 sec (d) 4 sec

Five identical springs are used in the following three configurations.

The time periods of vertical oscillations in configurations (i), (ii) and

(iii) are in the ratio

[AMU 1995]

1 1
a 1:\/5:— b 2:\/5:—
(@) > (b) 7z

() i:2:1 (d) Z:L:l

V2 V2

A mass m performs oscillations of period 7 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

[CPMT 1995; RPET 1997; RPMT 2003]

(@ =2r7

(b) 7
K

T

() 7z

ﬂ
2l
-\

(d) Z[MP PET 1996]

If a watch with a wound spring is taken on to the moon, it
[AFMC 1993]

(@) Runs faster (b) Runs slower

(¢) Does not work (d) Shows no change
What will be the force constant of the spring system shown in the
figure
[RPET 1996; Kerala (Med./ Engg.) 2005]
K
(@) ?l +K;

1
o [e2]
FCBéE PMT 1998]
1 1
—_— + E—
2K, K,

-1
2 1
(d) {E + K_j

Two springs have spring constants K, and Kg and K, > Kg.

()

The work required to stretch them by same extension will be

(@) More in spring A (b) More in spring B



29.

30.

31

32.

33.

() Equal in both (d) Noting can be said

The effective spring constant of two spring system as shown in

figure will be [RPMT 1999]
K K,

(@ K;+K, b) KK, /K;+K,
() K=K, d KK, / K, —K;

A mass m attached to a spring oscillates every 2 sec. If the mass is
increased by 2 kg, then time-period increases by 1 sec. The initial mass
is [CBSE PMT 2000;

ATIMS 2000; MP PET 2000; DPMT 2001; Pb. PMT 2003]
(@) 1.6 kg (b) 39 kg
() 9.6 kg (d) 12.6 kg

A mass M is suspended by two springs of force constants K and K
respectively as shown in the diagram. The total elongation (stretch)
of the two springs is

[MP PMT 2000; RPET 2001]

M
(a) K—g
1+ K,
Mg (K, + K
() gf<1K 2)
112
Mg K, K
© Kg 1R2
1+ Ky
K, +K
@ KlKM2
1K, Mg

The frequency of oscillation of the springs shown in the figure will
be  [AlIMS 2001; Pb. PET 2002]

1 |K
@) —

27 \m

) Zi (K, + Ky)m
7\ KK,
K
(c) Zﬂ\/;

1 [k
27 | m(K, +K,)

(d)

The scale of a spring balance reading from 0 to 10 kg is 0.25 m long.
A body suspended from the balance oscillates vertically with a

period of 7/10 second. The mass suspended is (neglect the mass of

the spring)

[Kerala (Engg.) 2001]
(@) 10 kg (b) 0.98 kg
© 5k @) 20 kg

If a spring has time period 7; and is cut into 17 equal parts, then the
time period of each part will be

[AIEEE 2002]

35.

36.

37.
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@ T4n ® Thhn
() nT d T

One-forth length of a spring of force constant K is cut away. The
force constant of the remaining spring will be

|
|

[MP PET 2002]

3 4
(a) ZK (b) EK
() K d) a4k

A mass m is suspended separately by two different springs of spring
constant K and K gives the time-period t; and t, respectively. If

same mass m is connected by both springs as shown in figure then
time-period ¢ is given by the relation

[CBSE PMT 2002]

(@ t=t, +t,
®) t= .t
L+t

@ t2=t7+t,°

d t2=t "+t

Two springs of force constants K and 2K are connected to a mass as
shown below. The frequency of oscillation of the mass is [RPMT 1996; DCE 20c

2K

@ @/2 J/m)

© @/27)@K/m) d) @/ 27)/miK)

Two springs of constant K; and K, are joined in series. The effective
spring constant of the combination is given by

[CBSE PMT 2004]
(a) kik, (b) K +ky)/2
(e) ky+ky (d)  kiks /K +ky)

A particle at the end of a spring executes simple harmonic motion

with a period t; , while the corresponding period for another spring

is t, . If the period of oscillation with the two springs in series is 7;

then [AIEEE 2004]
(@) T=t +t, (b) T?=t2+t?
@ Tr=t'+t" d T2=t"+t°

Infinite springs with force constant & 2k 4k and 8k... respectively

are connected in series. The effective force constant of the spring

will be [) & K CET 2004]
(@) 2k (b) &
(c) k2 (d) 2048

To make the frequency double of a spring oscillator, we have to
(a) Reduce the mass to one fourth

(b) Quardruple the mass
(c
(

Double of mass

d) Half of the mass

)
)
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43.

45.

46.

47.

The springs shown are identical. When A = 4Kg, the elongation of
spring is 1 cm. If B = 6Kg, the elongation produced by it is

K K
T/
A s
1/
7]
(@) 4 cm (b) 3 cem
(c) 2cm d) 1em

When a body of mass 1.0 kg is suspended from a certain light spring
hanging vertically, its length increases by 5 cm. By suspending 2.0 kg
block to the spring and if the block is pulled through 10 em and
released the maximum velocity in it in m/s is : (Acceleration due to
gravity =10m/s?)

[EAMCET 2003]
(@) o5 (b) 1
(c) 2 d) 4
constants

Two springs with

spring K, =1500N/m and
K, =3000 N/m are stretched by the same force. The ratio of

potential energy stored in spring will be [RPET 2001]
(@ 2:1 (b) 1:2
() 4:1 (d) 1:4

If a spring extends by x on loading, then energy stored by the spring
is (if T'is the tension in the spring and K'is the spring constant)

T? T?
C)] E™ (b) 7K

2K 2T 2
© = @ =

A weightless spring of length 60 cm and force constant 200 N/m is
kept straight and unstretched on a smooth horizontal table and its
ends are rigidly fixed. A mass of 0.25 kg is attached at the middle of
the spring and is slightly displaced along the length. The time period

of the oscillation of the mass is [MP PET 2003]

T T
@ 2 ®) 10°
c z d 7
© 5° 9 oo

The time period of a mass suspended from a spring is 7. If the

spring is cut into four equal parts and the same mass is suspended

48.

49.

50.

51

52.

53.

54.

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 S.H.M.
. [Pb.PET 2 L. . .
of time period 7. If the mass is increased by m, the time period

becomes 57/3. Then the ratio of m/Mis

5 3
(a) 3 (b) T

25 16
(c) Y (d) ry

An object is attached to the bottom of a light vertical spring and set
vibrating. The maximum speed of the object is 15 cmy/sec and the
period is 628 milli-seconds. The amplitude of the motion in

centimeters is [EAMCET 2003]
(a) 3.0 (b) 2.0
() 15 (d) 1o

When a mass m is attached to a spring, it normally extends by 0.2
m. The mass m is given a slight addition extension and released,
then its time period will be [MH CET 2001]

(b) 1 sec

(@) — sec

27
(c) = sec (d)

— sec
T

If a body of mass 0.98 kg is made to oscillate on a spring of force
constant 4.84 N/m, the angular frequency of the body is

(@) 122 rad/s (b)
(d) 4.22 radss

2.22 rad/s
(c) 3.22 rad/s

A mass m is suspended from a spring of length /and force constant
K. The frequency of vibration of the mass is f, . The spring is cut
into two equal parts and the same mass is suspended from one of
the parl4FNtke28€0] frequency of vibration of mass is f, . Which of
the following relations between the frequencies is correct

[NCERT 1983; CPMT 1986; MP PMT 1991; DCE 2002]
@ fi=v2f ®) =1
@ f=v2f

A mass m oscillates with simple harmonic motion with frequency

(@ f=2f

(0]
f =— and amplitude A on a spring with constant K, therefore
T

1
(@) The total energy of the system is 2 KA?

1 } K
b) The fr is — .[—
(b) e frequency is 2\ M

() The maximum velocity occurs, when x = 0

(d) All the above are correct

Two masses m and m are suspended together by a massless spring
of constant K. When the masses are in equilibrium, m is removed

without disturbing the system. The amplitude of oscillations is

from one of the parts, then the new time period will be[MP PMT 2002; CBSE PMT 2003]

@ T ® 5

;
© 27 @

m9
@

3
N
«

(b)

~




55.

(m; +m,)g
(c) —
(m; —m,)g
(d) —

A spring executes SHM with mass of 10kg attached to it. The force
constant of spring is I0A/m.f at any instant its velocity is 40cm/sec,

the displacement will be (where amplitude is 0.5m)
(@) 0.09 m (b) 03 m

() 0.03m (d) 09 m

Superposition of S.H.M’s and Resonance

The SHM. of a particle is given by the equation
y =3sinowt+4 coswt. The amplitude is [MP PET 1993]
@ 7 (b) 1
() 5 d 12

If the displacement equation of a particle be represented by
y = AsinPT + B cos PT, the particle executes

[MP PET 1986]
(@) A uniform circular motion
(b) A uniform elliptical motion
(©) ASHM.
(d) A rectilinear motion
The motion of a particle varies with time according to the relation
y =a(sinot+coswt), then
(@) The motion is oscillatory but not SSH.M.

(b) The motion is S.H.M. with amplitude a

(¢) The motion is S.H.M. with amplitude a\/E

(d) The motion is S.H.M. with amplitude 2a

The resultant of two rectangular simple harmonic motions of the
same frequency and unequal amplitudes but differing in phase by
T
— s

[BHU 2003;
2

CPMT 2004; MP PMT 1989, 2005; BCECE 2005]
(b) Circular

(d) Parabolic

(a) Simple harmonic
(c) Elliptical

The composition of two simple harmonic motions of equal periods
at right angle to each other and with a phase difference of 7
results in the displacement of the particle along

(a) Straight line (b) Circle

(c) Ellipse (d) Figure of eight

Two mutually perpendicular simple harmonic vibrations have same
amplitude, frequency and phase. When they superimpose, the

resultant form of vibration will be

[MP PMT 1992]
(@) Acircle (b) An ellipse
(c) A straight line (d) A parabola

The displacement of a particle varies according to the relation x =

4(cos7t + sinzrt). The amplitude of the particle is

Simple Harmonic Motion 779
[S———
[AIEEE 2003]

b) -4
d) 442
A SHM. is represented by X= 5\/§(Sin2ﬂt+COS 27t). The

amplitude of the SH.M. is [MH CET 2004]
[RPMT 2004]
(@) 10 em

(c) 5\/_ cm

Resonance is an example of

(b) 20 cm

(d) 50 cm

[CBSE PMT 1999; BHU 1999; 2005]
(@) Tuning fork (b) Forced vibration
(c) Free vibration (d) Damped vibration

In case of a forced vibration, the resonance wave becomes very sharp

when the [CBSE PMT 2003]
(@) Restoring force is small
(b) Applied periodic force is small
(c) Quality factor is small
(d) Damping force is small
Amplitude of a wave is represented by

-

a+b-c

Then resonance will occur when [CPMT 1984]
(@ b=-c/2 (b) b=0and a=-—c
(¢) b=-al2 (d) None of these

A particle with restoring force proportional to displacement and
resisting force proportional to velocity is subjected to a force

Fsinat . If the amplitude of the particle is maximum for @ = @,
and the energy of the particle is maximum for @ =w,, then
(where @ natural frequency of oscillation of particle)

(@ o =wy and w, 20, (b) 0 =0y and ©, = v,

() w #wy and w, =, d) o #wy and 0, # @,

A simple pendulum is set into vibrations. The bob of the pendulum

comes to rest after some time due to
[AFMC 2003; JIPMER 1999]
(@) Air friction
() Moegrtmhingdi
() Weight of the bob
C)

Combination of all the above

A simple pendulum oscillates in air with time period 7 and

amplitude A. As the time passes [CPMT 2005]

(@) Tand A both decrease

(b) Tincreases and A is constant
() Tincreases and A decreases
(d) T decreases and A is constant
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T Critical Thinking

Objective Questions
1. Two particles executes SH.M. of same amplitude and frequency
along the same straight line. They pass one another when going in
opposite directions, and each time their displacement is half of their
amplitude. The phase difference between them is

(@) 30° (b) 60°
() 90° (d) 120°
2. The displacement of a particle varies with time as

X =12sinwt—16sin* @t (in cm). If its motion is SH.M, then

its maximum acceleration is
@) 12@? (b) 36>
() 144 &* (d) 192 @?

3. A Tinear harmonic oscillator of force constant 2x10%N /m times
and amplitude 0.01 /77 has a total mechanical energy of 160 joules. Its

[NT JEE 1989; CPMT 1995; CBSE PMT 1996;

KECT (Med.) 1999; AMU (Engg.) 2000; UPSEAT 2001]

(@) Maximum potential energy is 100 /
(b) Maximum K.E. is 100 /
(¢) Maximum P.E. is 160 /

=

(d) Minimum P.E. is zero

4. A particle of mass m is executing oscillations about the origin on the
x-axis. Its potential energy is U(X) = k[X]S, where k is a positive
constant. If the amplitude of oscillation is a, then its time period T'is

1
(a) Proportional to T (b) Independent of a
a

(c¢) Proportional to \/g (d) Proportional to a®?

5. Two blocks A and B each of mass m are connected by a massless
spring of natural length L and spring constant K. The blocks are
initially resting on a smooth horizontal floor with the spring at its
natural length as shown in figure. A third identical block C also of
mass m moves on the floor with a speed v along the line joining A
and B and collides with A. Then [NTJEE 1993]

—_ v

Y . | s

i

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

(b) The kinetic energy of the A-B system at maximum compression

of the spring is mv?/4
(¢) The maximum compression of the spring is V4ym /K n

(d) The maximum compression of the spring is Vy/m /2K

6. A cylindrical piston of mass M slides smoothly inside a long cylinder
closed at one end, enclosing a certain mass of gas. The cylinder is
kept with its axis horizontal. If the piston is disturbed from its
equilibrium position, it oscillates simple harmonically. The period of
oscillation will be [NT-JEE 1981]

h
(@) T=2x ('I\:)A—Ah) p M|
MA

() T=27 tlj
PAH’]
999

[MP PM

(d) T=2zJMPhA

A sphere of radius r is kept on a concave mirror of radius of
curvature R. The arrangement is kept on a horizontal table (the
surface of concave mirror is frictionless and sliding not rolling). If
the sphere is displaced from its equilibrium position and left, then it
executes S.H.M. The period of oscillation will be

) 2r (?) \/@

( (b) 2x
(c d) 2z
The amplitude of vibration of a particle is given by

a, :({:10)/(8.602 —bw+c); where ay,a,b and ¢ are positive.

The condition for a single resonant frequency is

[CPMT 1982]
(@) b?=4ac (b) b?>4ac
£IIT—]EE 1998]
(c) b?=5ac (d) b?=7ac

A U tube of uniform bore of cross-sectional area A has been set up
vertically with open ends facing up. Now m gm of a liquid of density
d is poured into it. The column of liquid in this tube will oscillate
with a period 7 such that

(@) T=2x ’M (b)) T=2x ’m
g gd
() T=2x M (d T=2x M
\] gdA 2Adg

A particle is performing simple harmonic motion along x-axis with

amplitude 4 c¢m and time period 1.2 sec. The minimum time taken
by the particle to move from x =2 cm to x =+ 4 cm and back again

is given by [ANMS 1995]
(@) 0.6 sec (b) 0.4 sec
() 0.3 sec (d) 0.2 sec

A large horizontal surface moves up and down in SHM with an
amplitude of 1 cm. If a mass of 10 kg (which is placed on the
surface) is to remain continually in contact with it, the maximum

frequency of SH.M. will be
[SCRA 1994; AlIMS 1995]

(@) 0.5 Hz (b) 15 Hz

() 5 Hz (d) 10 Hz



Due to some force F a body oscillates with period 4/5 sec and due
to other force F oscillates with period 3/5 sec. If both forces act
simultaneously, the new period will be

[RPET 1997]
(@) 0.72 sec (b) 0.64 sec
() 0.48 sec (d) 0.36 sec

A horizontal platform with an object placed on it is executing S.H.M.

in the vertical direction. The amplitude of oscillation is

3.92x107°m . What must be the least period of these oscillations,

so that the object is not detached from the platform
(@) 0.256 sec (b) 0.1356 sec
(c) 0.456 sec (d) 0.556 sec

A particle executes simple harmonic motion (amplitude = A)
between X =—A and X =+A. The time taken for it to go from 0
to A/2is T; and to go from A/2 to Ais T,. Then

[ITJEE (Screening) 2001]

@@ T <T, b)) T,>T,

() =T, (d) T, =2T,

A simple pendulum of length Z and mass (bob) M is oscillating in a
plane about a vertical line between angular limits —¢ and +¢. For
an angular displacement (| 6|< @), the tension in the string and

the velocity of the bob are 7 and v respectively. The following
relations hold good under the above conditions

(@) Tcosd=Mg

2

(b) T—Mgcosé = Mv

(¢) The magnitude of the tangential acceleration of the bob
| af| =gsing
(d) T =Mgcoséd

Two simple pendulums of length 5 m and 20 m respectively are
given small linear displacement in one direction at the same time.
They will again be in the phase when the pendulum of shorter

length has completed .... oscillations.

[CBSE PMT 1998; JIPMER 2001, 02]
@ s (b) 1
(€) 2 d 3
The bob of a simple pendulum is displaced from its equilibrium
position O to a position @ which is at height /4 above O and the bob
is then released. Assuming the mass of the bob to be m and time

period of oscillations to be 2.0 sec, the tension in the string when
the bob passes through O'is

(@ m(g +72gh)
(b) m(g+yz’gh)

2
() m gﬂ,%gh

,
/
/
‘\
\ .
.
Us
——
>~

20.
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22.

23.

24.
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2
d m g+ﬁ%;gh

The metallic bob of a simple pendulum has the relative density p.
The time period of this pendulum is 7. If the metallic bob is
immersed in water, then the new time period is given by

il

@ TLL b T-L—
p p-1
p-1 P
( T VS 1999] @ T p-1

A clock which keeps correct time at 20°C, is subjected to 40°C .
If coefficient of linear expansion of the pendulum is 12x107% /°C .
How much will it gain or loose in time

[BHU 1998]
(b) 20.6 seconds / day
(d) 20 minutes / day

(@) 10.3 seconds / day
(c) 5 seconds /day

The period of oscillation of a simple pendulum of length L
suspended from the roof of a vehicle which moves without friction
down an inclined plane of inclination ¢, is given by

[NT-JEE (Screening) 2000]

(@) 2« L (b) 2z L
gcosa gsina
() 27 L (d) 2r L
g gtana

[T 1986; UPSEAT 1998]

The bob of a simple pendulum executes simple harmonic motion in
water with a period ¢ while the period of oscillation of the bob is
ty in air. Neglecting frictional force of water and given that the
density of the bob is (4/3) x1000 kg/m. What relationship between
tand t; is true [AIEEE 2004]
(@) t=t, b) t=t,/2
() t=2t, (d) t=4t,
A spring of force constant 4 is cut into two pieces such that one
piece is double the length of the other. Then the long piece will have
a force constant of
[NTJEE (Screening) 1999]
(@) (2/3k (b) (3/2k
() 3k (d) 6k
One end of a long metallic wire of length L is tied to the ceiling. The
other end is tied to massless spring of spring constant K. A mass m
hangs freely from the free end of the spring. The area of cross-
section and Young's modulus of the wire are A and Y respectively. If
the mass is slightly pulled down and released, it will oscillate with a
time period 7 equal to [T 1993]
[AMU 1995] (' A + KL)m 12
(@) 27— (b) 27 u
K YAK
mYA mL
() 27 —— (d) 27—
KL YA
On a smooth inclined plane, a body of mass M is attached between

two springs. 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 (assuming the springs as massless) is



il

25.

26.

27.

28.

29.

30.
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(a) 2”(111 /2 ’

2K

1/2
(b) 2;{2%")

Mgsiné
() 27— — A
/

1/2
(d) zn(z—'\lfgj

A particle of mass m is attached to a spring (of spring constant &)

and has a natural angular frequency @ -An external force F (i)

proportional to COS @ t((w # @,)is applied to the oscillator. The

time displacement of the oscillator will be proportional to

m 1
@ —— (b) W

1 m

() (d)

m(w? + w?) o? +o*
A 15 g ball is shot from a spring gun whose spring has a force
constant of 600 AN/m. The spring is compressed by 5 cm. The

greatest possible horizontal range of the ball for this compression is

(g =10 m/s) [DPMT 2004]
(@) 6.0 m (b) 10.0 m
(c) 120 m (d) 8om

An ideal spring with spring-constant K'is hung from the ceiling and
a block of mass M is attached to its lower end. The mass is released
with the spring initially unstretched. Then the maximum extension
in the spring is

[ITJEE (Screening) 2002]

(a) 4 Mg/Kk (b) 2 Mg/k

() Mg/k (d) Mgrk

The displacement y of a particle executing periodic motion is given
by y=4 COSz(t /2)sin(000t). This expression may be
considered to be a result of the superposition of ... independent
harmonic motions [T 1992]

(@) Two (b) Three

(c) Four (d) Five

Three simple harmonic motions in the same direction having the
same amplitude a and same period are superposed. If each differs in

phase from the next by 45°, then
(@) The resultant amplitude is (1 + \/?)a

(b) The phase of the resultant motion relative to the first is 90°

c) The energy associated with the resulting motion is (3 +24/2
8y g
times the energy associated with any single motion

(d) The resulting motion is not simple harmonic
The function Sin’ (at) represents [AIEEE 2005]
(@) A simple harmonic motion with a period 27/ @

(b) A simple harmonic motion with a period 7/®

3L

32.

33.

34.

35.

36.

() A periodic but not simple harmonic motion with a period
27l o
(d) A periodic but not simple harmonic, motion with a period
rlo
A simple pendulum has time period 7. The point of suspension is
now moved upward according to equation Y =kt®> where
2

T
k =1m/sec?. If new time period is 7 then ratio T—lz will be

2
(@) 2/3 (b) 5/6
(c) 6/5 (d) 3/2

A simple pendulum is hanging from a peg inserted in a vertical wall.
Its bob is stretched in horizontal position from the wall and is left
free to move. The bob hits on the wall the coefficient of restitution

[AIEEE 2\72?] After how many collisions the amplitude of vibration will

become less than 60°

[UPSEAT 1999]
@ 6
(© 5

®) 3
) 4
A brass cube of side a and density o is floating in mercury of

density p. If the cube is displaced a bit vertically, it executes SH.M.

Its time period will be

ca pa
a) 27 |— b) 27 |—
@) g (b) e
© 27|23 @ 27|29

ca pa

Two identical balls A and B each of mass 0.1 kg are attached to two
identical massless springs. The spring mass system is constrained to
move inside a rigid smooth pipe bent in the form of a circle as
shown in the figure. The pipe is fixed in a horizontal plane. The

centres of the balls can move in a circle of radius 0.06 m. Each
spring has a natural length of 0.067 m and force constant 0.IN/m.
Initially both the balls are displaced by an angle @ =7/6 radian
with respect to the diameter PQ of the circle and released from

rest. The frequency of oscillation of the ball Bis

(@) mHz
(b) l Hz
7[ - -

() 2z Hz

[T JEE 1999]

1
d —H
C) or 2

A disc of radius R and mass M is pivoted at the rim and is set for
small oscillations. If simple pendulum has to have the same period as
that of the disc, the length of the simple pendulum should be

5 2
@) 7 R (b) 3 R

3 3
(c) 7 R (d) 3 R

One end of a spring of force constant & is fixed to a vertical wall and

the other to a block of mass m resting on a smooth horizontal

surface. There is another wall at a distance X, from the black. The



37.

38.

39.

40.

spring is then compressed by 2X, and released. The time taken to

strike the wall is

fe——l—|

2x, Xo

1 k k

@) s \m b) —
m m

27 |m 7 |k
i H ==

© S % @ TVm

Three masses 700g, 500g, and 400g are suspended at the end of a
spring a shown and are in equilibrium. When the 700g mass is
removed, the system oscillates with a period of 3 seconds, when the
500 grm mass is also removed, it will oscillate with a period of

(@ 1s

(b) 2s
(¢) 3s
12 sunsm
d J=s [ 5002m |
5 [ 400gm |

A particle of mass m is attached to three identical springs A, B and
C each of force constant k a shown in figure. If the particle of mass
m is pushed slightly against the spring A and released then the time
period of oscillations is

c B

90°
() 2n/;n—k

O m
m
o M
(c) ”k

m A

4 2z |D
(d) ™\ 3k

A hollow sphere is filled with water through a small hole in it. 1t is
then hung by a long thread and made to oscillate. As the water
slowly flows out of the hole at the bottom, the period of oscillation
will

[MP PMT 1994; KCET 1994; RPET 1996; AFMC 2000;
CBSE PMT 2000; CPMT 2001; AIEEE 2005]

a) Continuously decrease

b

=

(b) Continuously increase
(c) First decrease and then increase to original value
(d) First increase and then decrease to original value

Two simple pendulums whose lengths are 100 crm7 and 121 cm are
suspended side by side. Their bobs are pulled together and then
released. After how many minimum oscillations of the longer

pendulum, will the two be in phase again
(@ n (b) 10
(c) 21 (d) 20

41

42.

43.
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The amplitude of a damped oscillator becomes half in one minute.

1
The amplitude after 3 minute will be — times the original, where X

(a) 2x3
() 3%

[CPMT 1989; DPMT 2002]
) 2°
d) 3x2?

Which of the following function represents a simple harmonic

oscillation
(a) sinat—cosat
() sinat+sin2at

[AIIMS 2005]
(b) sin? et
(d) sinat—sin2at

A uniform rod of length 2.0 m is suspended through an end and is
set into oscillation with small amplitude under gravity. The time
period of oscillation is approximately

[AMU (Med.) 2000]

(@) 1.60 sec (b) 1.80 sec

(c) 2.0 sec (d) 2.40 sec

QGraphicaI Questions

A particle is executing S.H.M. Then the graph of acceleration as a
function of displacement is

(@) A straight line (b) A circle

(c) An ellipse (d) A hyperbola

The acceleration a of a particle undergoing S.H.M. is shown in the
figure. Which of the labelled points corresponds to the particle being

at — x_ [AMU (Med.) 2000]

a( | X

AVVAR

—_—

@ 4 CE
(c) 2 (d) 1
The displacement time graph of a particle executing SH.M. is as
shown in the figure [KCET 2003]

71

o L
The corresponding force-time graphof the particle is

@ * () *
o . o
(C) F[DPMT 2005] (d) e

t
o o
t t
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4. The graph shows the variation of displacement of a particle
executing S.H.M. with time. We infer from this graph that (a) 25 Hz (b) 50 Hz
(e) 1225 Hz (d) 333 Hz
g 9. A body of mass 0.01 kg executes simple harmonic motion (S.H.M.)
| - | about X =0 under the influence of a force shown below : The

period of the S.H.M. is [AMU (Med.) 2002]

T/ \/ 374 ¢

zero at time 3T /4

a) The force is

+ 2.0 x(m)

c) The acceleration is maximum at time 7

@)

(b) The velocity is maximum at time T /2

(©)

(d) The P.E. is equal to total energy at time T /2

5. As a body performs S.H.M,, its potential energy U/ varies with time
as indicated in [AMU (Med.) 2001]

u u
T T 10. For a simple pendulum the graph between L and 7 will be.

(a) /\ /\ /\ (b) [CPMT 1992]
/ \/ \/ \ t —> (a) Hyperbola (b) Parabola
t —>

(a) 105s (b) 052s

() 0.25s (d) 0.30s

(c) A curved line (d) A straight line
u T u T n In case of a simple pendulum, time period versus length is depicted
(c) (d) by [DCE 1999, 2001]
t —> t —> TT TT
6. A vparticle of mass m oscillates with simple harmonic motion (a) ®)
between points X; and X,, the equilibrium position being O. lts
potential energy is plotted. 1t will be as given below in the graph [€BSE PMT 2003]
/= /] —

© 71 @71
(@) (b)
N
X o X,

>

(©) ) 12. Graph between ve]oc/ity_gnd displacement of a particleTXecuting
S.HM. is [DPMT 2005]
X o x
X o X (@) A straight line (b) A parabola
7. For a particle executing SH.M. the displacement x is given by (c) A hyperbola (d) An ellipse
X = AcOSat . 1dentify the graph which represents the variation of 13. The variation of the acceleration a of the particle executing S.H.M.
potential energy (P.E.) as a function of time #and displacement x [T yeEh(sbiegelwegnzoos) is as shown in the figure
@ 1 ® 1

| ¢
@ 1m (b) 1,1V - .
(© 1m d 1V

8. The velocity-time diagram of a harmonic oscillator is shown in the (e) HT (d) HT
adjoining figure. The frequency of oscillation is
[CPMT 1989]
4 Win m/sec) X *
—_—
+2
0.01 1 0.02
—4r E
—2F




14. Acceleration A and time period 7 of a body in S.H.M. is given by a
curve shown below. Then corresponding graph, between kinetic

energy (K.E.) and time tis correctly represented by

AT /\

/(51 KE T
@) (b)
—t —t
T I T l
KEr KEr EE——
(©) ()
—t g
T I T |
15. The variation of potential energy of harmonic oscillator is as shown

in figure. The spring constant is

U (Joule)
0.01 i
H y (in mm)
(0, 0)
20 mm
(@) 1x10 N/m (b) 150 N/m

() 0.667 x 10 N/m (d) 3x10 N/m

16. A body performs SH.M. lts kinetic energy K varies with time ¢ as
indicated by graph

o ke | o 1’\
WAV /

KET t—) KET \/

AN
\/t—)

R Assertion & Reason

For ATIMS Aspirants

Simple Harmonic Motion 787
Read the assertion and reason carefully to mark the correct option out of
the options given below:

(a) If both assertion and reason are true and the reason is the correct
explanation of the assertion.

(b) If both assertion and reason are true but reason is not the correct
explanation of the assertion.

(c) If assertion is true but reason is false.

(d) If the assertion and reason both are false.

(e) If assertion is false but reason is true.

1 Assertion All oscillatory motions are necessarily periodic

motion but all periodic motion are not oscillatory.

Reason Simple pendulum is an example of oscillatory
motion.

2. Assertion Simple harmonic motion is a uniform motion.

Reason Simple harmonic motion is the projection of
uniform circular motion.

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

Reason : In simple harmonic motion direction of
displacement is also considered.

4. Assertion Sine and cosine functions are periodic functions.

Reason Sinusoidal functions repeats it values after a definite
interval of time.

5. Assertion The graph between velocity and displacement for a
harmonic oscillator is a parabola.

Reason Velocity does mnot change uniformly with
displacement in harmonic motion.

6. Assertion When a simple pendulum is made to oscillate on
the surface of moon, its time period increases.

Reason Moon is much smaller as compared to earth.

7. Assertion Resonance is special case of forced vibration in
which the natural frequency of vibration of the
body is the same as the impressed frequency of
external periodic force and the amplitude of forced
vibration is maximum.

Reason The amplitude of forced vibrations of a body
increases with an increase in the frequency of the
externally impressed periodic force.

[AIMS 1994]

8. Assertion The graph of total energy of a particle in SHM
w.r.t, position is a straight line with zero slope.

Reason Total energy of particle in SHM remains constant
throughout its motion.

o. Assertion The percentage change in time period is 1.5%, if the
length of simple pendulum increases by 3%.

Reason Time period is directly proportional to length of
pendulum.

10. Assertion The frequency of a second pendulum in an elevator
moving up with an acceleration half the acceleration
due to gravity is 0.612 s.

Reason The frequency of a second pendulum does not
depend upon acceleration due to gravity.

n Assertion Damped oscillation indicates loss of energy.

Reason The energy loss in damped oscillation may be due

to friction, air resistance etc.

12. Assertion In a S.H.M,, kinetic and potential energies become

equal when the displacement is 1/\/5 times the
amplitude.
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In SHM, kinetic energy is zero when potential
energy is maximum.

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

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

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

The velocity of oscillating bob in simple harmonic
motion is maximum at the mean position.

The spring constant of a spring is k& When it is
divided into n equal parts, then spring constant of
one piece is k/n.

The spring constant is independent of material used
for the spring.

The periodic time of a hard spring is less as
compared to that of a soft spring.

The periodic time depends upon the spring
constant, and spring constant is large for hard
spring.

In extreme position of a particle executing SH.M.,
both velocity and acceleration are zero.

In S.H.M., acceleration always acts towards mean
position.

Soldiers are asked to break steps while crossing the
bridge.

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

[ANIMS 2001]
The amplitude of oscillation can never be infinite.
The energy of oscillator is continuously dissipated.

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

Velocity of the particle (V) = vk z_x? (where x is
the displacement and k is amplitude)

[ATIMS 2002]
The amplitude of an oscillating pendulum decreases
gradually with time

The frequency of the pendulum decreases with time
[ATIMS 2003]

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

harmonic

Displacement and velocity of S.H.M. differ is phase
by 7/2 [ATIMS 1999]
Consider motion for a mass spring system under
gravity, motion of M is not a simple harmonic
motion unless Mg is negligibly small.

For simple harmonic motion acceleration must be
proportional to displacement and is directed
towards the mean position

[SCRA 1994]
K = force constant
I

Ma = Kx + Mg

M = Mass

ASWEIS

Displacement of S.H.M. and Phase

1 b,d 2 c 3 d 4 c 5 d
6 c 7 c 8 a 9 abd 10 a
1" ¢ 12 ¢ 13 ¢ 14 ¢ 15 d
16 b 17 d 18 a 19 c 20 a
21 b 2 ¢ 2 b % 25 b
26 a
Velocity of Simple Harmonic Motion

1 a 2 c 3 c 4 c 5 b
6 c d 8 c d 10 b
11 a 12 d 13  a 14 b 15 ¢
16 b 17 b 18 a 19 d 20 b
21 b 2 ¢ 23 d 2% a %5 a
26 c 27 a

Acceleration of Simple Harmonic Motion
1 d 2 c 3 c 4 d 5 a
6 a 7 a 8 d 9 d 10 d
11 a 12 a 13 d 14 a 15 a
16 d 17 d 18 d 19 b 20 ¢
21 c

Energy of Simple Harmonic Motion
1 d 2 a 3 d 4 a 5 a
6 c 7 c 8 b 9 d 10 ¢
11 ¢ 12 b 13  a 14 a 15 b
16 b 17 ¢ 18 b 19 d 20 ¢
21 ¢ 2 ¢ 2 b 24 b 25 a
% ¢ 27 ¢ 28 a 29 b 30 ¢
31 ¢ 2 d 3 b “ b
Time Period and Frequency
1 b c 3 b d 5 b
6 a d 8 d d 10 a
[T 12 b 13 b 14 b 15 a
16 d 17 d 18 d
Simple Pendulum

1 c 2 a 3 b 4 b 5 b
6 b 7 c 8 c 9 c 10 d
11 d 12 b 13  a 14 d 15 d




Simple Harmonic Motion 789

16 b 17 b 18 c 19 c 20 c 1 b 2 e 3 a 4 a 5 e
21 d 22 d 23 c 24 c 25 d 6 b 7 c 8 a c 10 c
26 a 27 a 28 b 29 d 30 d 11 b 12 b 13 a 14 b 15 e
31 c 32 c 33 b 34 b 35 a 16 a 17 e 18 a 19 a 20 b
36 a 37 d 38 b 39 c 40 d 21 c 22 b 23 e
41 a 42 a 43 a 44 b 45 d
46 d 47 b 48 a 49 a 50 a
8 ¢ 5 c 8 c 5 d 5 ¢ An wer nd S | tl N
56 b 57 c 58 a 59 c 60 a S S esa OUOS
61 b
Spring Pendulum Displacement of S.H.M. and Phase
1 2 4 .
d d 3 b b > b b,d) For S.H.M. displacement ¥ =asSinwt and acceleration
P y
6 c 7 c 8 b 9 a 10 c
1 a 12 b 13 d 14 c 15 a A:—a)zysina)t these are maximum at Wt:%'
16 d 17 a 18 d 19 b 20 c
21 c 22 c 23 d 24 a 25 d (©) Vi = @A = V=" =@ AZ —y?
26 d 27 b 28 a 29 a 30 a
1 b 32 d 38 b 3 b 3B b Loz AL o 3A% . BA
% d 3 ¢ 38 d 3 b 4 o ==Y =7 y==
4 a 42 b 43 b 4 a 4 p ot
46 5 47 b 48 d 49 G 50 G (d) Equation of motionis Yy =5 sinT .For y=25cm
51 b 52 d 53 d 54 a 55 b ot ot 1
2.5:53”1? = ?:% = tZESGC
Superposition of S.H.M’s and Resonance
2t 7w
and phase = — =—.
1 c 2 c 3 c 4 c 5 6 6
6 ¢ 7 d 8 a 9 b 10 d _ x
1 b 2 . 1 a m . (c) y=asint—a)=acos a)t—a—E
P - - - Another equation is given Y = COS(@t — )
Critical Thinking Questions
1 d 2 b e a 5 b.d So, there exists a phase difference of % =90°
6 a 7 b 8 a d 10 b .
d =asin@t+
1 c 12 c 13 a 14 a 15 b,c @y wt+)
. . (2
% ¢ 17 a 18 d 19 a 2 a :a3|r(2—”t+¢j:>y 05 sm(—”HZJ
2 ¢ 2 b 28 b 24 a 25 b T 04 2
26 b 27 b 28 b 29 ac 30 d p
31 = 32 b 33 = 34 b 35 d y=0.5 Sm[S”HEJ =0.5cos5a
36 c 37 b 38 b 39 d 40 b .
1 b 2 a ) d () y=asin@mt+q). Its phase at time t =2t +«
2
Graphical QuestionS (c) From given equation @ = ?7[ =057= T =4 sec
] a 2 p 3 p 4 5 b Time taken from mean position to the maximum displacement
1
6 d 7 8 a 9 d 10 b =g | ~lse
11 b 12 d 13 c 14 a 15 b . . . "
a 1S require O calculate e time Irom extreme position.
(@ 1t quired to calculate the time fi t posit
16 a

Assertion and Reason

Hence, in this case equation for displacement of particle can be

. T
written as X :asm(a)t+3)=a005wt



]
m 790 Simple Harmonic Motion

a T 2z T T
= —=acoswt = wt== = —t="=t=—
2 3 T 3 6
9. (a,bd) x:asina)tCOSa)tzgsinZwt
10. (a) mezaa)=ax2—”3a=M
T 2z
3 -5
a:1.00><1O x(1x10 )=1.59mm
2z
L (c)
12 (c)
13 () 'y asinzzt - 2 asinZ” t
c = ——— _— = —_
T J2 T
.2 1 . 2z V4 T
= sin—t=——==sin—"=> —t="=t=—
J2 T 4 8
14 (c)
. d%y 2, . .
15. (d) Standard equation of S.H.M. d—zz—a) Y, is not satisfied by
t

y=atanwt.



16.

20.

21.

22,

23.

24.

25.

26.

(b)

(d)

(©)

(b)

X =acos(@t+0) (i)

and Vv =(;—)t(=—awsin@t+0)

(i)

Givenat t=0, x=1cm and V=7 and o =7

Putting these values in equation (i) and (ii) we will get

sinH:—1 and cosé =1
a a

12 (1)
= sin29+c0529:(——] +[—J = a=+2cm
a a

y = Asinat :Mt = A:Asinz_ﬂtj t:L_

T 2 T 12
The amplitude is a maximum displacement from the mean
position.

Equation of motion Yy =acosat

= EZaCOSﬂ3C05M212d=£
2 2 3
T
“xT
2—ﬂt:E t:3_:i:gsec
T 3 2 3x2 3

Simple harmonic waves are set up in a string fixed at the, two
ends.

v, :%:0.1x100ﬂcos 1007t + =
dt 3

v, :%2—0.172'Sinﬂt =0.1zcos 7t +2=
dt 2

Phase difference of velocity of first particle with respect to the
velocity of 2- particle at £= 0 is

T T Vs
Ab=d —gpy ==L -2
p=¢ -9 33 5
a _10_2
a, 25 5
. 2 a .2t 1 . 2t
y:aSIn—t - —=asSIn— = — =SIn—
T 2 3 2 3
2 . 2t 1
= sin— =SIN— > — =— = t=—Sec
3 6 3 6 4

X =aSiV’(a)t+%jand X'=acos wt :asin[a)t+%J

g A¢=[wt+fJ—[a)t+ﬁj:£
2 6) 3

Velocity of Simple Harmonic Motion

@)

(©)
(©)

Velocity of a particle executing S.H.M. is given by

v=wva?-x? =2—7[\/A2_'L\_2:2_7[\/3'0‘2 =”A_‘/§

T 4 T 4 T

V=@ —y?) = 2J602 —20% =113mm/s.

It is given Vi = 100cm/sec, a=10 cm.

(d)

(b)

@

(d)

@

(b)
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= Viax = a0 = w:%:lOrad/sec

Hence V = wya? —y2 =50 =10+/(10)? —y?

= y:5«/§cm
At centre Vo :aw:a.z—ﬂ:M:407Z‘
T 0.01
% —aw—aZ—SXZ—”—ncm/s
e T 6
2 2X7x2
vmax=a)a=—xa:>vmax——2 =2z m/s
a.2r 2rna

Vimax = ao = T =—

T
V=wmya? —y? =10 =wy/a? —(4)? and 8 = w /a’ —(5)°
On solving w=2 = a)=2_|_—7[=2 = T =7 sec

From the given equation, 2= 5 and @ = 4

" v=ana?-y? =4 B2 -(3) =16

Vinax =80 =ax 2% =(50x10%)x 2X = 0.15m /s
T 2
ne @ _220 _appy,
2 2rx

Viex =@a=220x0.30m/s=66m/s

A
Ao 4 _ prad/sec

Viax =@ and A, =20’ = o= .

max

ax2r 2x10°%x2z «
max = @ = = =—m/s
T 0.1 25

A=’y = w=4JAly —\/g—Zrad/sec

Vv

Now Vi =a®@ =6x2=12cm/sec
v 10
Viax = a0 = @ =12 =—
a 4

2

2 2 2 20,2 2 2 2 vV
Now.v=a),/a -y =V =@ -y)=> y =a —?

:>y=\/a2_ﬁ= 42_L =
w? (10/4)?

The particles will meet at the mean position when P completes
one oscillation and @ completes half an oscillation

243 em

Vp awp Tg 6 2
So —=—F=—"Y=—=—
Vo amg Tp 3 1

Vimax Q@ 1

Amax awz @
Velocity is same. So by using V =aw

= Ao = Ay, = Ay
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19. (d) In S.H.M. at mean position velocity is maximum

So V=aw (maximum)

22, (¢) Acceleration A:a)zy —m= A _ 0.5 _5
y 0.02

Maximum velocity V., =a®w=0.1x5=0.5

23.  (d) At mean position velocity is maximum
v 16
e, Vg =@ = @ =% === =4
a 4

SV NN S el
=192=16(16-y?) =12=16-y2 =y =2cm..

24. (a) Vppx =aw=3x100=300

25. (a) X =3sin2t+4 cos 2t. From given equation

a, =3,a, =4, and ¢=%

a:\/al2 +a2 =32 +42 =5=v,, —aw=5x2=10

26.  (c) Velocity in mean position V =aw®, velocity at a distance of
half amplitude.

2

27. (a) Xx=Acos wot+Z | and v:d—X:—Aa)si wt+Z
4 dt 4

For maximum speed,

sinfwt+ 2 =1 ot+E=Zoot=2-F = =2
4 4 2 2 4 4o
Acceleration of Simple Harmonic Motion
1. (d) F=-kx
2. (c) The stone execute SH.M. about centre of earth with time

’ R
period T =27 |—; where R = Radius of earth.
g

3. () Acceleration = ®%a at extreme position is maximum.
4. d - a®’ when it is at one extreme point.
5. (@) Maximum acceleration = aw® =ax4r’n?

=0.01x4 x(7)? x (60)? =1447°m [ sec
6. (a) Maximum acceleration

2 2
A —aw = a><427r _1x4x(@3.14)
T 0.2x0.2
0.1x4 x(3.14)?

Fmax =mx Amax = W =98.596 N

7. (@) Maximum velocity =aw =16

Maximum acceleration = wza =24

20.

21.

(c)

(d)

_(aw)* _16x16 _32

= a
w?a 24 3

Acceleration oc — displacement, and direction of acceleration is
always directed towards the equilibrium position.

A2
Maximum force = m(aa)z) = ma[ Tﬂz J

2
~05) 27 _140.01=05N
7125

2
Amax =a)2a:(%] a=0.62 cm/ sec? [~ a=]

For SHM. F=—kx.
.. Force = Mass x Acceleration oc — x
=> F=— Akx; where A and £ are positive constants.

Velocity V=aw =ax2zn

=0.06x27x15=5.65m/s

Acceleration A = w?a=47°n%?a=5.32x102m/s?

2 Amex 7.5

Ay =a0° =a= = =0.61m
mex o’ (3.5)2

a=10x102m and @ =10 rad/sec

A =w?a=10x1072x102 =10 m/sec?

max

A =w’a

max
Amax = 47°n’a=47% x(50)* x0.02 = 2007°m/s

A= —a)zy at mean position y = 0

So acceleration is minimum (zero).

In SHM. v =,¢a2 —y2 and a:—a)zy when Yy =a

= Vi, =0 and a,,, =—w’a

Comparing given equation with standard equation,

y = asint + ¢), we get, a=2cm, w:%

2 2
T T
S Ay =00 A Z(E] x 2 :Tcm/sz.

Velocity V= wv A? —x? and acceleration = w’x

Now given, wzx:a)VAz —X2 = a)z.lza)vzz—lz
2z _ 27

:>a):\/§ ST =
o 3

Energy of Simple Harmonic Motion

E:%ma)za2 = E «a?



(d)

(b)

(d)

1
PE=—ma?x?
2

It is clear P.E. will be maximum when x will be maximum ie,
at X =*A

Let x be the point where K.E. = P.E.
1 1
Hence Emwz(az -x%)= Emmzxz

2 a

= 2x?=a? = x i=2«/§cm

L2 2

Since maximum value of c0s? et is 1.

Konax = K, cOs? af = K,

. max

Also K.« = PE.x =K,

F=-kx = dW = Fdx =—kxdx

w X 1 2
SoI dW:I —kxdx= W =U=-=kx

0 0 2
Suppose at displacement y from mean position potential energy
= kinetic energy

= %m(a2 —yHw? :lmeyZ

LN

s al=2y 5> y=—"r

J2

1
Total energy in SHM E = Em ®’a?; (where a = amplitude)

Potential energy U = % mw?(@®-y?)=E —% m w?y?

2
When y:%: U-E—%mw{%}-E—%—i—E

2,2
Potentialenergy (U) Emw y §

Total energy (E) lmwzaz a

= E=10J

1
Kinetic energy T = E m a)z(a2 - X2)

2,2
and potential energy, V = %mwzxz % -2 XZX
1 2,,2
=t = == o y=_
Unax lmwzaz 4 a 2
2
. . 1 20,2 2
Kinetic energy K :Emw @ -y9)
1 27\
= Exlo X[TJ [10? —5°] = 375 x2ergs

20.

21

22,

23.

24.

25.

26.

27.

28.

29.
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The time period of potential energy and kinetic energy is half
that of SHM.

If at any instant displacement is y then it is given that

u-1ye = imazzy2 I [
2 2 2 2

= y:i:i=42cm
J2o 2

So a=6cm, w =100rad/sec

K =%mw2a2 =%x1x(100)2x(6x10*2)2 =181

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

Total energy U = % Ka?

S~|w
QD
—

n
©

Loy (
E:—i :y_2:>;_oz T U=45J
E Emwzaz a 1

QD

Maximum potential energy position is ¥ = ta

and maximum kinetic energy position is y =0

Mg=Kl = U, L :%mgl

2
1 a)’
2.,2 _
u MmOy [2] 1 E
E:].—:—Z:—ZZZ:>U:Z
Emwzaz a a

In S.H.M,, at mean position Ze. at x = 0 kinetic energy will be
maximum and pE will be minimum. Total energy is always
constant.

In SHM for a complete cycle average value of kinetic
energy and potential energy are equal ie <EB = <lU>

= lma)za2
4

1 2,2
Total energy = Em @"a” = constant

Kinetic energy at mean position,

2 Kmax
m

K :lmv2

.=V
max max
2

max —

_2X16 _ 100 —10m/s.

0.32
2 2
E:—mazwz—lmaz[%J: E %
2,2 2
E_imw @ -y )_az_yz _1_ﬁ
E 2.2 a’ a2



il

31

32.

33.

(d)

(b)

(b)

(b)

(b)

(d)

(b)

794 Simple Harmonic Motion

i 2 2
ALV U A A P a

1
So, —_—=— = V=—
*7E a? a 227

>
1 1
Kinetic energy K = Emv2 = Emaza)2 cos® mt

1
= =ma?a’(1+cos2wt) hence kinetic energy varies

periodically with double the frequency of SHM. ie. 2.

3 2
’ avZ Ev Za 3
E=—mo’d’=>—=—F=>—=— ca="a
E a E a 4
:E’_iE
16

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

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.

1., 2E, 1, 2E,
Ei=okx?=x= "L E,=2Ky?=y= "2
175 K 275 y y K

2E
K

= /%+ /%: /%3\/E_l+1/_E2:\/E

Time Period and Frequency

and E——K(x+y)2 = X4y =

. Displacement 1
In the given case, ——— — = —

Acceleraton b

*. Time period T =27 M = 2—7[
\ Acceleraton /b

2

On comparing with standard equation 3 +a)2y =0 we

get wzzK:wzz—”:\/E:T:

2n
JK

Ball execute SH.M. inside the tunnel with time period

T =27[\/E:84.63 min
g

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

the tunnel t = % =42.3 min.

Given max acceleration

®w?a=1.57

velocity @a=1and maximum

-157 = @ =157 321_—7[—15731' 4

“’_
wa

2
wz?—loozr:T 0.02 sec

At mean position, the kinetic energy is maximum.

4.

Hence %maza)z =16

On putting the values we get ® =10 =T = 2—” = %sec

=27r1 w =27z'1 i =7 =23.14 sec

Acceleration 12
\f Lo, fm o m
m, 4

_ Acceleraton =\/2.0 _10rads™
Displacement 0.02

o 3000

From given equation @ =3000, =n =
2 2

Given, V=zcm/sec, X =1cm and @ = 75"

using V=va? -x? = z=zJa’ -1

—1=a2-1=a=+2cm.

Length of the line = Distance between extreme positions of
oscillation = 4 ecm

So, Amplitude a=2cm.

also Vi, =12cm/s.
27
'.'Vmax :wa:?a
2 .
72 _2x318%2 4 4766
Vmax 12

Comparing given equation with standard equation,
X =acos(wt+¢) weget, a=0.01 andw=7n
=2m=7=n=05Hz

y =5sin@@t+4x), comparing it with standard equation
2
y=asin@t+¢)= a5|r(it+¢j

2t
a=5m and i =7t= T=2 sec.

Viax 314
27a 2x3.14x5

Y —aw=ax2m = n= =1Hz

max
From the given equitation @ = 2m=4xr = n=2Hz

Simple Pendulum

T=27r\/IDToc\/T
g

Inside the mine g decreases

hence from T = 272'\/1; T increase
g



(b)

(b)

(d)
(b)

When a little mercury is drained off, the position of cg. of ball
falls (w.r.t fixed and) so that effective length of pendulum
increases hence 7'increase.

, |
Initially time period was T =27 _|— .
9

When train accelerates, the

effective value of g becomes

V(g% +a?) which is greater than

4

Hence, new time period, becomes
less than the initial time period.

As we know g:C;_'\Z/I
2
= Yeartn_ :%XR_‘Z)SQ_G:E

gplanet

Also T OC— T— \/7
T "

= szzﬁsec.

In accelerated frame of reference, a fictitious force (pseudo
force) ma acts on the bob of pendulum as shown in figure.

Hence,

ma a ?
tanf =—=—

mg g
=

0 =tan 1(%} in

the backward

direction.

T= ZH\/I (Independent of mass)
9
) ) |
In stationary lift T =27 a

In upward moving lift T' =27

|
(9+a)

(@ = Acceleration of lift)

-4
In the given case effective acceleration g =0 = T =

Prax = 1/2m Enax

13.

21

23.
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T= 27[J7 J:— constant

0.02

=0.01=AT =0.01T

Loss of time per day =0.01x24 x60x60 =864 sec

T g g \/T , T
—_ = = = === T =—
T \/g'+a Vg+5g 6 J6

Toll >80 LA L 4o 050
T 21
At B, the velocity is maximum using conservation of mechanical

energy

APE = AKE = mgH :%mv2 = v=,2gH

If suppose bob rises up to a height /4 as shown then after
releasing potential energy at extreme position becomes kinetic
energy of mean position

1
:>mgh:§mvr%1ax = Vimax :VZQ

Also, from figure C0S@ = %

= h=I1-cosb)
=2gl(l —cos 6)

T=27 JI ; for freely falling system effective g =0
9

So, Virax

so T=worn=0
It means that pendulum does not oscillate at all.

Let bob velocity be v at point B where it makes an angle of 60
with the vertical, then using conservation of mechanical energy

1
/cos@ 1 60° Fo.5m

frot bl
/(lfcosg) ‘

l...’ )--=""
N

A
KE, +PE, = KEg + PES 7

| S ——

/7

= %mxsz :%mv2 +mgl(l - cosd)
2 1
=9=v°"+2x10x0.5x==v=2m/s

2
Toc\/ijlz Ii:£=1/L:T2=4sec
T, I, T, 41

Remains the same because time period of simple pendulum 7
is independent of mass of the bob

24. () T= 27[\/% = % = % = constant



27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.
40.

()

(d)

(b)

796 Simple Harmonic Motion

T= 2;;\/7:” —:—:\/7 \/7:>T' Va1

If initial length |; =100 then |, =121

By using T = 27[\/73 = |_1

Hence, L 100 =T,=11T,
T, 121
Tl

% increase = x100=10%

1 ‘/100 (If 1, =100 then I, = 400)

I, 400
= T,=2T,

Tl

x100 =100%

Hence % increase =
1

2
T=2zfilg=»1=90 984
4 Adxr

=99 cm
7[2

This is the case of freely falling lift and in free fall of lift

effective g for pendulum will be zero. So T = 271\/%7 =

After standing centre of mass of the oscillating body will shift
upward therefore effective length will decrease and by

T < \/T time period will decrease.

T=2x |/g—27r/—:25ec
Via

Time period is independent of mass of pendulum.

T \/T 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.

Time period is independent of mass of bob of pendulum.

At the surface of moon, g decreases hence time period

increases [as T o %J
g

When lift falls freely effective acceleration and frequency of
oscillations be zero

Oeif =0 = T' =00, hence a frequency = 0.

Effective value of ‘g’ remains unchanged.

S | I PR LI /ﬂ:E
g T, \I, V100 10

=>T=12T

-T

x100 = 20%

Hence % increase =
1

If amplitude is large motion will not remain simple harmonic.

Minimum velocity is zero at the extreme positions.

=

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

(c)

4

T
At the time t:ZZ—ZISEC after passing from mean

position, the body reaches at it's extreme position. At extreme,
position velocity of body becomes zero.

No momentum will be transferred because, at extreme position
the velocity of bob is zero.

In this case frequency of oscillation is given by
1 Zra

n= 2 Qf where a is the acceleration of car. If a
T

increases then n also increases.

As periodic time is independent of amplitude.

1 _.n [, I, ni 3% 9
Frequency Not ——= —= = |£ = = =—"=—=—

J 7 VL L, n2 22 4
Suppose at t =0, pendulums begins to swing simultaneously.

Hence, they will again swing simultaneously

if T, =n,T,
2 2
I I PR P R 7Y :[Ej _64
n, T, I I, n, 7 49

T T and g is same in both cases so time period remain
g

same.

T= Zﬁ\/I = T \/T, hence if / made 9 times 7 becomes
g

3 times.

Also time period of simple pendulum does not depends on the
mass of the bob.

As we go from equator to pole the value of g increases.

1
Therefore time period of simple pendulum [TOC—]

Jo
decreases. [ T %J

If vis velocity of pendulum at Q

and 10% energy is lost while moving from Pto Q
Hence, by applying conservation of between Pand @
1

Zmv2=0.9(mgh)=v? =2x0.9x10x2 = v=6m/sec
Toc_ = T,=2T,=2T
g/4

For stationary lift T; = 27[\/;
|

For ascending lift with acceleration a4, T, =27 | ——

g+a

R

Toc\/—



54. (d) Kinetic energy will be maximum at mean position.
From law of
conservation of
energy maximum (1  cos 6)
kinetic ~ energy at
mean  position =
Potential energy at

displaced position

=
Kmax =Mgh =mgl(l —cos )

55.  (c)
56. (b)

As it is clear that in vacuum, the bob will not experience any
frictional force. Hence, there shall be no dissipation therefore, it

will oscillate with constant amplitude.

57.  (c) The effective acceleration in a lift descending with acceleration
9, _q_9_29
3 s Oert =9 373

e e e

According to the principle
%mv2 =mgh or v=4/2gh =42x9.8x0.1 =1.4m/s.

In this case time period of pendulum becomes

58. (a)
59. (o)

of conservation of energy,

60. (a)

d
61. (b) In deepmine g'=¢g [1 —EJ ; i.e, g decreases so according to

noc \/E, frequency also decreases.

Spring Pendulum

k
Maximum velocity =aw =a,[—
m
K K a K
Given that g -1 =ay -2 04 (22
\'m Vm &, VK

2 (d) Given spring system has parallel combination, so
m
keq =Kk, +K, and time period T =27
(ky +kz)

3. (b) T= 2”\/§' Also spring constant (k) mm,

the spring is half in length, then & becomes twice.

=2 ﬂzl:izT’:L
Vok 7 J2 J2

4 (b)
5 (b)
6. (c)
7 ()
8 (b)
9 @
10 ()
n @)
12 (b)
13 (d)
14. (c)
15 (a)
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k
a): —_—
m

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

. Combined stiffness k= k+ kand N = ky + kz

i En ﬁ

kl 2_ 5o time period T = 27 M
1 2 lk2

F_0.5x10

Force constant K = — =

Now T = 271'\/E = 271'],% =0.628 sec
k 25

2
T=27r\/E = moT? :&:T_Z
k m 17

2

In series k

=25N/m

5
M+m ZT m 9
>—=|-—| > —=—
M T M 16
1

Spri k
pring constant. (k) oc Lengthofthe spirng(l)

as length becomes half, & becomes twice is 2k

1 [k n \/k m’ \/k 2m .
n=—|—=>—=[—x— =./—x—=1=n"=n
27 \m n’ m K’ m 2K

m
As mg produces extension x, hence K = mg

e 2”\/(M +m) _ 2”\/(M +m)x
k mg

’k ’
For the given figure f = i e i 2—k ..... O]
2z.\m 2z \m

If one spring is removed, then k =k and

f'= % K (i)

\/_ = f’—L

2

v omg =k = mzlb T —Zﬁ\/E—Zﬂ' X
k ¢ k g
f9.8x10-2 2z
=271, |———— = — sec
9.8 10

From equation (i) and (



20.

21.

22.

23.

24.

25.

26.

27.

(d)

(d)

(d)
(d)
(b)

798 Simple Harmonic Motion

Spring is cut into two equal halves so spring constant of each
part = 2k

These parts are in parallel so Keq =2K+2K =4K
Extension force (ie. W) is same hence by using F=kx =
4kxx' =kx = x':%.

=k, +k,

In this case springs are in parallel, so keq

and w = \ eq ],k ke

Force constant (K)oc

Lengthofthe spring(l)
= 1 _2_
|
Standard equation for given condition
X = acosz_l_—”t: x =-0.16 cos(z t)

[As a=— 016 meter, T=2 sec]

By using conservation of mechanical energy

L2 2 imv2 = x =vimik
2 2

1 1
Given elastic energies are equal ie, 2 k1X12 =3 kzxg

2
= k—l = (X—ZJ and using F =kx
ko X

1

_h ok ko ke kg
o okoxo  ky Yk ko

A S S L T L

Jm T, m_l

n 4m n
a—:‘{—:nzz—
T= 27r\/7 / /4m 2 =>T,=2x2=4s

1
AR A

Bfe-fe-3-m-t

The time period of oscillation of a spring does not depend on
gravity.

1
T = T,:T,: Ty =

VK

Toc—

In series combination

1 01 1
= 4= -
ks 2k Kk, ' 2k
-
1 1]
ks =t kz
2k, K,

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

@)

@)

@)

(b)

(d)

(b)

(b)

(b)

(d)

()
(d)

Work done in stretching (W) oc Stiffness of spring (i.e. 4)
voky >kg = W, >Wg

When external force is applied, one spring gets extended and
another one gets contracted by the same distance hence force
due to two springs act in same direction.

ie. F=F +F,= —kx =—k X -k, x = k =k; +k,

T= 27r\/7 2: & m+2
Toym

=m =—kg 1.6 kg

m+2

_ kiky
k, +k,

F—keqx:mg—[%} =X =
1 2

R LR e
2z.¥m 27 | (ky +ky,)m

Using F=kx =10g = k><025:k—00295—98><4

For series combination keq

mg(k, +k,)
kik,

2
Now T =27 m:>m—T—2k
A
]
m=——x—>x98x4=0.98 kg
100 4r

When spring is cut into n equal parts then spring constant of

1
each part will be nk and so using T o« Wl time period will

be T/\/H.

1
By using K o T
Since one fourth length is cut away so remaining length is

4

4
—th, hence k becomes — times 7e, K'= —X .

=27 | and t, = 27 |
Kl K2

Equivalent spring constant for shown combination is

m
K + K. So time period tis given by t =27 [ ———
’ Ky + K,

By solving these equations we get t2 = tiz + tgz

effectlve (K +2K) 3 K
m 27r

ln SeI'IES combmatlon
— = .
Ks ky kk, k,

1 1 1 k +k,
+
tl—27[,— and t2—27[,




40.

43.

45.

46.

47.

48.

(b)

(b)

(d)

kik,

In series, effective spring constant, k =
k, +k,

2

Now, t12+'[22:4;z-2m i+i :M

ki ks k.k,
t12 + tg =T2 [Using equation (ii)]
1 1 1 1 1
—_— =t —t—+—
kgt k 2k 4k 8k

11

1 1 1 1 2
=—|l+=+—+—+... =— =—
k 2 4 8 k\1-1/2 k

(By using sum of infinite geometrical progression
a a a
at+t—+—+..0 sum (8§) =——)
rr 1-r

k
SKeg ==
eff 2

fk
no ., |—
m

F=k< = mg=kx = mockx
Hence ﬂ:k—1><ﬁ = i:in
m, k, X, 6 k/2 X,
= X, =3cm.
Initially when 1 kg mass is suspended then by using F =kx

— mg =kx = k:mzﬁzzooﬁ
X  5x1072 m

Further, the angular frequency of oscillation of 2 kg mass is

= /L = /& =10rad/ sec
M 2

Hence, Vg = a® =(10x1072)x10=1m/s

2
U:F_juocijﬁ:ﬁzz
2K K U, K

U:%szbutT:Kx

1(Kx)? 17?2
S tored =— ==
0 energy store 5 K 5K

System is equivalent to parallel combination of springs

v Keg = Ky +K, =400 and

Toor [N _pg (025 7
Keq 400 20

By cutting spring in four equal parts force constant (K) of each

1
parts becomes four times [kOCT] so by using

T= 2”\/§; time period will be half je. T'=T/2

M +m

Toc\/a :>T—2: My :>E=],
T, m, 3 M

49.

50.

51

52.

53.
54.

55.
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25 M+m m 16
= =

9 M M 9

2z
Vmax =aw = a?

Viax T 15x628x107°

_ VYmax

2r 2x3.14

=a =1.5cm

Kx:mg:mzi
K g

So T=27r\/E:27r i=27z E:Z—”sec
K g 9.8 7

w=+k/m = % =2.22 rad/sec

When spring is cut into two equal parts then spring constant
of each part will be 2K and so using N oc \/E , new frequency
will be V2 times ie. f,= J2 f.

With mass M, alone, the extension of the spring /is given as
m,g =Kl (i)

With mass (M; +M,), the extension |’ is given by

(i)

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

m,9

(m; +m,)g =k(+Al)

m,g =KkAl or Al =

k

k 10
Angular veloci :/_=/_:1
ngular velocity @ [mJ [1()}

2 2
Now vV =wya? —y? =y? =a? —V—z :(0.5)2—%
w

= y?=09 - y=0.3m

Superposition of S.H.M.'s and Resonance

Resultant amplitude = 3244% =5
y = AsinPT + BcosPT
Let A=rcosé, B=rsing

=Yy =rsinPT +6) which is the equation of SHM.

y =a(coswt+sinmt) = a2 icosm+isina)t

V2 V2
=a\/E[sin45°cosa)t+cos45°sina)t]
= a\/E sint+45° = Amplitude = a\/E

If first equation is Y1 =& Sinwt= Sinwt= Y .. (i)

a

then second equation will be Yy, = a, sir(a) t +%j



il

(d)

(b)
(d)

(b)
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. Va . T
=ay [sma)tcos§+005a)tsmz} =aycosawt

= coswt=J2 . (i)
a

By squaring and adding equation (i) and (ii)

vi v
si? ot+cos? ot =21 +22
a4 8
yi 3
= L4172 _ 1. Thisis the equation of ellipse.
2 2
a5 &

If yy = Sinwt and y, =a, Sin@t+7x)

a
Y2 oo Y2 =—a—2Y1

& il

=

This is the equation of straight line.

If yy =3 Sinwt and y, =a, sint+0)=a, sinot

2 2
2 a

N Y12+y§_ )’1)’2:0:>y2:_2yl
ar a, a@ &

This is the equation of straight line.

For given relation

Resultant amplitude = V4% 142 = 4\/5

x =54/2(sin2z t+cos 27 t)

:Sx/zsin2nt+5\/500527rt

X :5«/53in2;zt+5«/53in[2;rt+%}

T
Phase difference between constituent waves ¢ = >

.. Resultant amplitude A =/ (5\/5)2 +(5\/E)2 =10 cm.

Less damping force gives a taller and narrower resonance peak

Amplitude

Frequency

; when b =0, a=C amplitude

_ c
a+b-c
A — . This corresponds to resonance.
Energy of particle is maximum at resonant frequency ie,

w, =@, . For amplitude resonance (amplitude maximum)

frequency of driver force @ = ﬂa)g -b%2m? = w, # 0,

Critical Thinking Questions

2.

(d)

y =asin@t + ¢,) . According to the question

a =asin@t+d¢,) :>(a)t+¢0):¢:%m- £L

:>_
2 6

N | o

y:

Physical meaning of ¢ :% : Particle is at point P and it is

/2
going towards B e«
@ --------] |-=eenu- —--e
A o P B
— 2 —>i

Physical meaning of ¢ = 5?” : Particle is at point P and it is

going towards O e
L oo .
A o P B
f— 2 —>i
5 2
So phase difference A¢ = ?ﬂ- —% = ?ﬂ- =120°

x =12sinwt—16sin® ot = 4[3sinwt —4sin® wt]
= 4[sin3wt] (By using Sin30 = 3sind—4sin® 6)

. maximum acceleration A, = (3w)? x4 = 360°

(b,c) Harmonic oscillator has some initial elastic potential energy and

amplitude  of  harmonic  variation of  energy s
Lka? =L 2x10° (0.01)> =100J

2 2

This is the maximum kinetic energy of the oscillator. Thus
Kmax =100J

This energy is added to initial elastic potential energy may give

maximum mechanical energy to have value 160J .



dU
U=k| x?=F=-—=-3k| x|*  .3)
X
Also, for SHM X =asinmt and prea +0’x=0
_ d?x ,
= acceleration a = F =—w°X=F=ma
2
X
=m d—z =-Mm Cl)zx (ll)
dt

3kx

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

27r
=T
\/ 3k(asma)t)

5. (b, d) Let the velocity acquired by A and Bbe V, then

mv =mV +mV :V:%
Also —mv? = 2mv2+ Zmv2 4 Lik?
2 2 2 2

Where x is the maximum compression of the spring. On

172
solving the above equations, we get X = V[EJ

At maximum compression, kinetic energy of the

2
A — B system :lmV2+lmV2 =mv? _mv_
2 2 4

Let the piston be displaced through distance x towards left,

then volume decreases, b

pressure increases. If AP is
increase in pressure and AV
is decrease in volume, then

considering the process to take

place gradually (i.e. isothermal)

PV, =RV, <

= PV =(P +AP)(V — AV)

7. (b) Tangential acceleration, @,

= PV =PV + APV — PAV — APAV
= AP.V —P.AV =0 (neglecting AP.AV)

AP(Ah) = P(Ax) = AP = £

This excess pressure is responsible for providing the restoring
force (F) to the piston of mass M.

Hence F =AP.A= PAX

Comparing it with | F|=kx =k = Ma? :%

:w:]/ﬂ =T :27r1fM—h
Mh PA

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

is correct.

=-—gsind=—-g0

O is small

(2)

UNIVERSAL
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II ‘}
|
|

_ X
CH

Motion is S.H.M., with time period

T- 2”\/dlsplatcerr_lent P X _on R-r
acceleration gx g

(R-1)

For resonance amplitude must be maximum which is possible
only when the denominator of expression is zero ie

+b+\/b2 —4ac
2a

For a single resonant frequency, b= 4ac.

aw’ -bw+c=0 o

(d) If the level of liquid is depressed by y cm on one side, then the

(b)

level of liquid in column Pis 2y cm higher than B as shown.

This becomes the restoring force on mass M.
—2Ayd
". Restoring acceleration = %

This relation satisfies the condition of SHM i.e. @ oc Y.

Displacement
Hence time period T =27 p—
| Acceleration|

y M
T=2
2Aydg '~ “"\2Adg
M

Time taken by particle to move from x=0 (mean position) to x

T_ 12
= 4 (extreme position) = — = =0.3s
4 4
Let ¢ be the time taken by the particle to move from x=0 to x=2

cm

=2

y =asinot = 2 = 4sinﬁt :i :sinﬁt
T 2 1.2
2%25—721?312—015 Hence time to move from x = 2

to x = 4 will be equal to 0.3 - 0.1=02s

Hence total time to move from x = 2 to x = 4 and back again
=2x0.2=0.4sec

For body to remain in contact a,,, =
LwPA=g=4r’n’A=g
2_ 9 10

-9 - >——=25 =n=5H:z
47%°A  4(3.14)%0.01

=N
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=
N

(¢) Under the influence of one force F = ma)lzy and under the

action of another force, F, =m a)zzy .

Under the action of both the forces F=F +F,

= mo?y =maoly +mao?y

2 2 2 27\ 2z ? 2r ?
= 0 =0 tW, = | — =|— +|—
T T, T,

= T= T, =
T2+T2

(@) By drawing free body diagram of object during the downward

motion at extreme position, for equilibrium of mass

mg—R=mA (A= Acceleration) R
For critical condition R =0
m

so mg = mA = Mg =maw® i/

98 l mg A=aw’
So=qgla=|—"— =

3.92x10

=>T= 2z _2r

=—=0.1256sec
10} 50

(@) Using X = Asinat

For X = A/2, sinaT, =1/2 =T, = ——
6w

For X = A, sino(T, +T,)=1=T, +T, = ——

20
ST,=0 T, =2 - = ZjeT<T,
20 20 6w 3w

Alternate method : In S.H.M., velocity of particle also oscillates
simple harmonically. Speed is more near the mean position and
less near the extreme position. Therefore the time taken for the

A
particle to go from 0 to > will be less than the time taken to

A
go from > to A. Hence T; < T,.

(b, ¢) From following figure it is clear that

T —Mgcos 8 = Centripetal force

2
= T -Mgcosd = Mv

Also tangential acceleration | a; |=gsing.

() 1If tis the time taken by pendulums to come in same phase

again first time after 1 =0.

20.

O)

and Ng = Number of oscillations made by shorter length
pendulum with time period Tj .
N, =

Number of oscillations made by longer length
pendulum with time period T .
Then t=NgTg =N, T

5 20 |
= Ng27z |— =N x27 [— ('.‘T—ZH\/:)
) \g B g

= Ng=2N_ ieif N, =1 = Ng=2

Tension in the string when bob passes through lowest point
mv?
T=mg+ =mg+mve (. v=rm)
2 2
putting V =4/2ghand @ == ?7[ = 77[ =7

we get T =m (g+72gh)

When the bob is immersed in water its effective weight =

m 1 1
(mg = gj —mg [p—] . Oeff =0 [p—}
P P P
T_o]9 1ot
T Qe (

AT 1Al 1

Ti iod Tocl =2 = - Zahd
lmepeno oC T 2 I 2

Also according to thermal expansion |'=(1+aA0)

Al AT 1Al 1
— =qa+0.Hence — =——=—
| T 21 2

P
p-1)

:%xlleo*6 x (40 -20)=12x10"°

= AT =12x107° x86400 seconds / day
.. AT = 10.3 seconds / day

See the following force diagram.

Psuedo force

Component of

weight

Vehic]e iS muvmg AOWIl e 1mrncuomness incnnea Sul'l.ace so, it's

acceleration is g Sin@ . Since vehicle is accelerating, a pseudo
force m(gsing) will act on bob of pendulum which cancel
the SiNO component of weight of the bob.

Hence net force on the bob is F =mQcosfd or net
acceleration of the bob is Qg = g COSE

.. Time period T =27 I =2 !
Qe gcosd

fl
. ) vt,=2x|—
21 () T J

Effective weight of bob inside water,



22.

23.

24.

25.

26.

(b)

(b)

(b)

(b)

=mg —thrust=Vpg - Vp'g
= Vet = V(o — p)g, where, p = Density of bob

= Qeff = (1__]
=2 27[
Getf —-p /P)g

(-p'=

and p' = Density of water

=10%kg/m?®

'E \/1 olp p=%x103kg/m3

=>t=2t,.

/13 K, k=13

v e

Force constant (K) oc

Lengthofspring

The wire may be treated as a string for which force constant
Force _ YA Y = F_ L
Extension L

= — X —

1 A AL

Spring constant of the spring k, = K
Hence spring constant of the combination (series)

_ kik, (YA/DK  YAK
K, +k, T(YA/L)+K YATKL

/12
. Time period T = ZHJF w
k YAK

M 1/2
Slope is irrelevant hence T = 27| —
2K

For forced oscillation,
X =X, Sin@t+¢) and F=F, cosmt

F

o]
oC
m (a)g —w?)

1
m@? - w?)

where, X, =

For getting horizontal range, there must be some inclination of

spring with ground to project ball.

45° @

27.

28.

29.

30.

3.

Simple Harmonic Motion 803 m
-

But K.E. acquired by ball
1

= Zmu?
2

From equation (i) and (ii)
ka® _ 600x(5x107)?
Riax = —_3
mg 15x107° x10

(b) Let x be the maximum extension of the spring. From energy

= P.E. of spring gun

2
S (i)
2 m

conservation
Loss in gravitational potential energy
= Gain in potential energy of spring K
Mgx = L Kx 2 v=0
2 V1
' x
=

(b) y=4 cosz(%jsinlooo t

=y =2(1+cost)sinl000 t
=y =2sin1000 t + 2cost sin1000t
=y =2sin1000 t +sin999 t + sinl1001 t

It is a sum of three S.H.M.

(a, c) Let simple harmonic motions be represented by

Y1 :asin[a)t—%} y, =asinet and

. V4
Yy = asm(a) t +Z] . On superimposing, resultant SHM will

be Yy :a{sin(wt—%)minwusin(a)t+%ﬂ

:a[z sinwtcos%+sinazt}

= a[\/Esina)Hsina)t] = a(1+\/§)sina)t
Resultant amplitude = (1 + \/E)a

Energy is SH.M. oc (Amplitude)

2
. Erestant :[Aj :(\/54_1)2 :(3_'_2\/5)
Esingle a
= Eresittant = B+ 2\/E)Esingle
@) y=sifot=17952 b a2
20

The given function is not satisfying the standard differential
2

L.

equation of S.H.M. > @Y. Hence it represents
dx

periodic motion but not S.H.M.
d%y
() y= Kt? DF =a, =2K =2 x1=2m/s ("7 K= 1m/s)

Now, T, =27 l and T, =27 |
g (g +ay)




804 Simple Harmonic Motion
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36. (c) The total time from Ato C
Dividing, —L / \/7 =L - A B C
¢ tae =tap +1gc . |
1
1

2n

From the relation of restitution —" =e“ and

0

St

1 (4)' 1 (4)
Sl-—==| = -=|=

2 5 2 5
Taking log of both sides we get
logl —log2 =n(log4 —log5)
0-0.3010 =n(0.6020 —0.6990)

0.3010
0.097

h, =hy(1 —cos60°) = E—“:lcos60°:(i

—0.3010=-nx0.097 = n= =3.1=3

As a is the side of cube G is its density.
Mass of cube is a%o, its weight =aog
Let / be the height of cube immersed in liquid of density p in
equilibrium then, F=a’hpg=Mg=2a’cg
If it is pushed down by y then the buoyant force
F'=a’(h+y)pg
Restoring force is AF = F'—F =a?(h+y)og—a’hog
=a’y pg
AF __aypg _ a'pg,

Restoring acceleration = — = 3
M M a‘oc

Motion is SH.M.

, 3
= T=2x E;U :27ra—o-
apg P9

As here two masses are connected by two springs, this problem

is equivalent to the oscillation of a reduced mass M, of a

spring of effective spring constant.

m
T=2x L
Keff.
m;m m
Here M, —2=— = Ky =K, +K, =2K
m; +m,

\/mT:f zfr\/T’ \f \/7_H

Time period of a physical pendulum

T=2x lo o
mg
d=R
—or R (i)
29
I .o
Tsimple pendulum = 2z = (ii)

Equating (i) and (i), | = % R.

M
. ]

where 7= time period of oscillation of spring mass system

tgc can be obtained from, BC = ABsin@z/T)tg

. BC 1 . T
Putting B2 we obtain tge =3
St T + T _2n

S EETENEY k '

When mass 700 gm is removed, the left out mass (500 + 400)
gm oscillates with a period of 3 sec

3=t=2ﬁ/w ...... M)

When 500 gm mass is also removed, the left out mass is 400
gm.

t=2x 4% ..... (ii)
= g= 900 = t'=2sec
t' 400

When the particle of mass m at O is pushed by y in the
direction of A The spring A will be compressed by y while

spring B and C will be stretched by Yy’ =y c0s45°. So that

the total restoring force on the mass m along OA.

Fuet = Fa + Fg C0S45°+ . c0s45°

=ky + 2ky'cos45° =ky + 2k(y cos 45°)cos 45° = 2ky
Also F, =k'y = k'y=2ky = k' =2k

T= 271\/E = 27r1fm
k' 2k

The given system is like a simple pendulum, whose effective
length (/) is equal to the distance between point of suspension

and C.G. (Centre of Gravity) of the hanging body.

When water slowly flows out the sphere, the C.G. of the system
is lowered, and hence /increases, which in turn increases time

period (as T oc \/T)

After some time weight of water left in sphere become less
than the weight of sphere itself, so the resultant C.G. gets clear
the C.G. of sphere itself i.e. /decreases and hence T'increases.

Finally when the sphere becomes empty, the resulting C.G. is
the C.G. of sphere ie. length becomes equal to the original
length and hence the time period becomes equal to the same
value as when it was full of water.

C.G. Resultant C.G.



40.

41.

42,

43.

(b)

(d)

(d)

(d)

(d)
(b)

Let T; and T, are the time period of the two pendulums

100 and T, =27 ,E
g g

(T, <T, because I, <1,).

Let at t =0, they start swinging together. Since their time
periods are different, the swinging will not be in unision
always. Only when number of completed oscillation differs by
an integer, the two pendulum will again begin to swing
together.

Let longer length pendulum complete 7 oscillation and shorter
length pendulum complete (m+1) oscillation, for the unision

swinging, then (N +1)T, =nT,

(h+1)x27 ,%ZHXZE ’& =n=10
g

Amplitude of damped oscillator

A= Aoe’ﬂ; A = constant, ¢ = time

A _
For £=1 min. —~ = Aye et =2

—Ax3 _ AO _i

For t=3 min. A=Aqe — =
(eA.)3 23

=X=2°

The standard differential equation is satisfied by only the

function Sinwt—COS @ t. Hence it represents S.H.M.

This is the special case of physical pendulum and in this case
T=2x 2l
39

~ T=2x314.]2%2

) =2.31sec ~ 2.4sec

X

Graphical Questions
Because acceleration oc displacement.
Using acceleration A = —w?x
At — X, 2x A will be maximum and positive.
Acceleration = —a)zy. So F=-m a)zy

y is sinusoidal function.

So Fwill be also sinusoidal function with phase difference 7

T
At time E ;V=0 .. Total energy = Potential energy.

PE varies from zero to maximum. It is always positive
sinusoidal function.

Simple Harmonic Motion 805

Potential energy of particle performing SHM is given by:
1
PE = Emwzyz ie it varies parabolically such that at mean

position it becomes zero and maximum at extreme position.
Potential energy is minimum (in this case zero) at mean

position (x = 0) and maximum at extreme position (X = A).

At time ¢t = 0, x = A, hence potential should be maximum.

Therefore graph 1 is correct. Further in graph 1Il. Potential
energy is minimum at x = 0, hence this is also correct.
1 1
f=—=——=25Hz
T 0.04
F 8
From graph, slope K =—= > =4
X

T= ZHJE:>T = 27[1,% =0.3sec
K 4

T= ZEJI = loc T2 (Equation of parabola)
g

Toc\/i:Tzocl

T

In simple harmonic motion
y =asinat and Vv =awCoSat from this we have

y? v2
St
a a - w

=1, which is a equation of ellipse.

In S.H.M. when acceleration is negative maximum or positive
maximum, the velocity is zero so kinetic energy is also zero.
Similarly for zero acceleration, velocity is maximum so kinetic

energy is also maximum.
Total potential energy = 0.04 /
Resting potential energy =0.01 /

Maximum kinetic energy =(0.04—-0.01)

~0.03J=+m w?a? = a2
2 2

2
0.03 = £k x| 29
2 1000

k =0.06x2500 N/m =150 N/m.

Kinetic energy varies with time but is never negative.

Assertion and Reason

Both assertion and reason are correct but reason is not the

correct explanation of assertion.
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In simple harmonic motion, v=w,/a2 —y2 as y changes,

velocity v will also change. So simple harmonic motion is not
uniform motion. But simple harmonic motion may be defined
as the projection of uniform circular motion along one of the
diameter of the circle.

In SHM, the acceleration is always in a direction opposite to

that of the displacement i.e, proportional to (—y).

A periodic function is one whose value repeats after a definite
interval of time. SiN@ and €0S@ are periodic functions

because they repeat itself after 277 interval of time.

N/

T 2w
’ \/ \./
sin curve cos curve

It is also true that moon is smaller than the earth, but this

statement is not explaining the assertion.

InSHM, v =wya? —-y? or v =w?a? —w?y?.

2 2

T'Fy—zzl. This is the
w"a a

equation of an ellipse. Hence the graph between v and y is an

Dividing both sides by w?a?,

ellipse not a parabola.

|
T= 27[\/:. On moon, g is much smaller compared to g on
g

earth. Therefore, 7 increases.
Amplitude of oscillation for a forced, damped oscillator is
F/m

A=
J@? - 02)+ 0o Imy?

, where b is constant related to

the strength of the resistive force, @y =+k/m is natural

frequency of undamped oscillator (4 = 0).

When the frequency of driving force (@) = @, then

amplitude A is very larger.

For @ < @ or @ > ®, the amplitude decrease.

The total energy of SH.M. = Kinetic energy of particle +
potential energy of particle.

The variation of total energy of the particle in SHM with time

is shown in a graph.

Energy Zero slope

A Total energy

Kinetic energy

Potential energy

T4 2TA  3T4A
Time period of simple pendulum of length /is,

T=27 l:>T<)<:\/T:>1/£=£AI
g T 2 |

15.

. £:l><3=l.5%
T 2
Frequency of second pendulum n = (1/ 2)571. When elevator

is moving upwards with acceleration g/2, the effective

acceleration due to gravity is

g=g+a=g+g/2=3g/2.

As I’]=i g so nzocg.

27V 1

n;

n; o] g 2 n 2

or, N, =1.225n =1.225x(1/2)=0.612 s,

Energy of damped oscillator at an any instant ¢ is given by
- 1
E=Eye bt/m [where Ej = EkX2 = maximum energy]

Due to damping forces the amplitude of oscillator will go on
decreasing with time whose energy is expressed by above
equation.

In SHM. K.E. =%mco2(a2 —y?)and P.E. =%ma}2y2.

For KE = PE = 2y’ =a’ = y:a/\/E. Since total
energy remains constant through out the motion, which is

E =K.E.+P.E. So, when PE is maximum then K.E is zero

and viceversa.

Total energy of the harmonic oscillator,

E =%ma)2a2 je, Eoca’.

' 2
Therefore E = (EJ or, E'=4E.
E a

In simple pendulum, when bob is in deflection position, the

2

mv
tension in the string is T =mg C059+T. Since the

value of @ is different at different positions, hence tension in
the string is not constant throughout the oscillation. At end
points @ is maximum; the value of COS@ is least, hence the
value of tension in the string

is least. At the mean position,
of 6=0° and

so the value of

the value
cos0° =1,
tension is largest.

given by

Also velocity is

V= a)\}az —y2 which s

maximum when ¥ =0, at mean position.

1
Lengthof spring

Spring constant oc



20.

21.

22,

23.

(b)

= k'=—
n

Also, spring constant depends on material properties of the
spring.

Hence assertion is false, but reason is true.

The time period of a oscillating spring is given by,

fm 1
T=2x M = T o« —. Since the spring constant is large

Jk

for hard spring, therefore hard spring has a less periodic time
as compared to soft spring.

In simple harmonic motion the velocity is given by,

V= w,/az - y2 at extreme position, y = a.

. V=0. But acceleration A = —a)za, which is maximum at

extreme position.

If the soldiers while crossing a suspended bridge march in
steps, the frequency of marching steps of soldiers may match
with the natural frequency of oscillations of the suspended
bridge. In that situation resonance will take place, then the
amplitude of oscillation of the suspended bridge will increase
enormously, which may cause the collapsing of the bridge. To
avoid situations the soldiers are advised to go out steps on
suspended bridge.

From equation, amplitude of oscillation
F/m
J@? - @) + bwim)

In absence of damping force (b = 0), that the steady state
amplitude approaches infinity as @ — @,. That is, if there is
no resistive force in the system and then it is possible to drive

an oscillator with sinusoidal force at the resonance frequency,

the amplitude of motion will

build up without limit. This A i
does not occur in practice ! b=0
because some damping is ! Small b
always present in  real ' Large b
oscillation. '

1

[0

The amplitude of an oscillating pendulum decreases with time

because of friction due to air. Frequency of pendulum is

1
independent | T = — 9 of amplitude.
2z V|

X =asinat and v=(:j—)t(=aa)003wt

It is clear phase difference between ‘¥ and ‘4 is 7 /2.

Simple Harmonic Motion 807
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Simple Harmonic Motion

The period of a simple pendulum, whose bob is a hollow metallic
sphere, is 7. The period is 7 when the bob is filled with sand, 7
when it is filled with mercury and 7 when it is half filled with
mercury. Which of the following is true

0 660

Hollow Sand Mercury
@ T-T-T>T b) T-T-T>T
© T>T>T-T @) T-T-T<T

A pendulum clock that keeps correct time on the earth is taken to
the moon it will run (it is given that g =g /6 )

(@) At correct rate (b) 6 time faster

(d) \/g times slowly

A pendulum has time period 7 in air. When it is made to oscillate in

(c) \/g times faster

water, it acquired a time period T'= \/ET . The density of the
pendulum bob is equal to (density of water = 1)

@ 2 (b) 2
© 242

An object of mass 0.2 kg executes simple harmonic along X-axis with

(d) None of these

frequency of 2—5 Hz . At the position X =0.04m, the object has
T

kinetic energy of 0.5 / and potential energy of 0.4 ] amplitude of

oscillation in meter is equal to

(a) o0.05 (b) o0.06

(¢) o.01 (d) None of these

Time period of a block suspended from the upper plate of a parallel
plate capacitor by a spring of stiffness & is 7. When block is
uncharged. If a charge g is given to the block them, the new time

period of oscillation will be

@ T

by >T
() <T
d =T

A man weighing 60 kg stands on the horizontal platform of a spring
balance. The platform starts executing simple harmonic motion of

amplitude 0.1 m and frequency 3HZ. Which of the following
T

statement is correct

g Self Evaluation Test 16

/

(@) The spring balance reads the weight of man as 60 kg
(b) The spring balance reading fluctuates between 60 kg. and 70
kg

(c) The spring balance reading fluctuates between 50 kg and 60 kg
(d) The spring balance reading fluctuates between 50 kg and 70 kg
A man having a wrist watch and a pendulum clock rises on a 7V
tower. The wrist watch and pendulum clock per chance fall from the
top of the tower. Then

(@) Both will keep correct time during

the fall.

(b) Both will keep incorrect time during
the fall.

() Wrist watch will keep correct time
and clock will become fast.

@HQ

(d) Clock will stop but wrist watch will
function normally.

A force of 6.4 N stretches a vertical
spring by 0.1 m. The mass that must be
suspended from the spring so that it

oscillates with a period of (%j sec. is [Roorkee 1990]

Va
(@) (ijg (b)

© Hkg )
T

A spring with 10 coils has spring constant 4. It is exactly cut into

1kg

10kg

two halves, then each of these new springs will have a spring

constant [Kerala PMT 2004]
(a) k/2 (b) 3k/2

() 2k (d) 3k

(e) 4k

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 oscillation of the system is

2k 2k k




1 [k 1 [ak
i A b — |22
@ 2 Vam ®) M
1 [k 1 [7k
= | aH — £
© 2 VTm @ 2 m

Values of the acceleration A of a particle moving in simple harmonic
motion as a function of its displacement x are given in the table
below.

A (mm s) 16 8 0 -8 -16
x (mm) -4 -2 0 2 4

The period of the motion is

@) L (b) 2
T T
() %s d 7s

5T
Two pendulums have time periods 7and —— . They start S.H.M. at

the same time from the mean position. What will be the phase
difference between them after the bigger pendulum has complete
one oscillation

(b) 90°
(d) 30°

(a) 45°
() 60°

The periodic time of a particle doing simple harmonic motion is 4
second. The time taken by it to go from its mean position to half the
maximum displacement (amplitude) is

(@) zs (b) 1s
2 1
(c) 38 () 3

The displacement of a particle from its mean position (in metre) is
given by y =0.2sin@0xt +1.57)cos0zt +1.57). The motion

of particle is [CPMT 1998]
a) Periodic but not SH.M.

b

=

(
(b) Non-periodic

(c) Simple harmonic motion with period 0.1 s
(d) Simple harmonic motion with period 0.2 s

The kinetic energy and the potential energy of a particle executing
S.H.M. are equal. The ratio of its displacement and amplitude will be
[RPMT 2003; CPMT 2001]

20.

21
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() = ]
J2 2

@ 2

N |-

(c)

Two simple pendulums of lengths 1.44 m and 1 m start swinging
together. After how many vibrations will they again start swinging
together [) & K CET 2005]
a) 5 oscillations of smaller pendulum
b) 6 oscillations of smaller pendulum

c) 4 oscillations of bigger pendulum

(
(
(
(d

)
) 6 oscillations of bigger pendulum

. . A A
Equations y; = Asinat and y, = ?sma)t +?COSa)t
represent S.H.M. The ratio of the amplitudes of the two motions is
@ 1 (b) 2
@ V2

A particle doing simple harmonic motion, amplitude = 4 cm, time
period = 12 sec. The ratio between time taken by it in going from its
mean position to 2 c¢m and from 2 cm to extreme position is

(@ 1 (b) 13
() 14 (d) 12

On a planet a freely falling body takes 2 sec when it is dropped from

(¢) o5

a height of 8 m, the time period of simple pendulum of length 1 m
on that planet is [Pb. PMT 2004]
(@) 3.4 sec (b) 16.28 sec
(c) 157 sec (d) None of these

If a simple pendulum is taken to place where g decreases by 2%,
then the time period [Pb. PET 2002]
(@) Decreases by 1% (b) TIncreases by 2%
(c) TIncreases by 2% (d) TIncreases by 1%

Two simple pendulum first of bob mass M and length L second of
bob mass M and length L. M = M and L = 2L. If these vibrational

energy of both is same. Then which is correct
a) Amplitude of B greater than A
b) Amplitude of B smaller than A
c

d

(
(
() Amplitudes will be same
C)

None of these

S Answers and Solutions

(d) Time period of pendulum doesn’t depends upon mass but it
depends upon length (distance between point of suspension

and centre of mass).

(SET-16)

In first three cases length are same so T =T, =T, but in last

case centre of mass lowers which in turn increases the length.

So in this case time period will be more than the other cases.



2. (d
3. (b)
4 (b)
5 (@)
6 (d)
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T:Z,,\ﬁ;_e:/g_m:/ﬂ:i
g9 T, Vo g 6

= T, = \/ETe i.e. clock becomes slower.

The effective acceleration of a bob in water

=g'=9¢ [1—2] where 0 and p are the density of water
Yol
and the bob respectively. Since the period of oscillation of the

’l
bob in air and water are given as T =27 |— and
g

T'=27r\/I,
g9

l: g_’_\/M :Jl_gz\/l_l
T Vg g P p

T 1 1 1
Putting — = —=. We obtain, —=1-— = p=2
T 2 2

V2

E-lme?a? = E:lm(zm‘)zA2 — oa-_L |2E
2 2 2A4\ m

Putting E =K +U we obtain,

A 1 [2x(0.5+0.4) . A—006m
(25] 0.2
27| —

T

The forces that act on the block are g£ and mg. Since g£ and
mg are constant forces, the only variable elastic force changes
by kx. Where x is the elongation in the spring = unbalanced

(restoring) force = F = —kx

= -mo’X=-KX = o= /%:T.

The maximum force acting on the body executing simple
harmonic motion is

2
ma)za:mx(Zﬂf)Za:GOx[ZﬁxE) x0.1N
T

=60x16x0.1=96N :£z10kgf and

this force is

towards mean position.

?ﬂ 7 Nﬂ
WV mg- e 1
, %l

D

4 Tﬂ‘ y,
2 " ?l mg + Fra

Equilibrium position

Upper extreme Lower extreme
The reaction of the force on the platform away from the mean
position. It reduces the weight of man on upper extreme ie.

net weight = (60 — 10) kg#

This force adds to the weight at lower extreme position i.e. net

weight becomes = (60 + 10) kgf

14.

(b)

(d)

(b)

(c)

Therefore, the reading the weight recorded by spring balance
fluctuates between 50 kgf'and 70 kgf

Function of wrist watch depends upon spring action so it is not

effected by gravity but pendulum clock has time period,
|

T=2x \/: . During free fall effective acceleration becomes
g

zero, so time period comes out to be infinity ie. the clock
stops.

Force constant of a spring is given by F =kx

6.4 =K(0.1) or k =64N /m

2
: T=27r\/E :>£=27r‘/ﬂ;£: 1 ; m=1kg
k 4 64 64 (8

Koc% = K|=K’x% = K'=2K

The two springs on left side having spring constant of 2k each

are in series, equivalent constant is [ =Kk . The two

1
1 1
7+7
2k 2k

springs on right hand side of mass M are in parallel. Their

effective spring constant is (K + 2k) = 3k .

Equivalent spring constants of value & and 3k are in parallel

and their net value of spring constant of all the four springs is

k +3k =4k

. 1 ’4k
.. Frequency of massis N = — . [—
27 \' M

LAl _ 2

A=0x=> —=0
X
From the given value LAl =0’ =4 = w-=2
X
Also a):z—ﬂ:2=2—”:T=7zsec
T T
ST .1
4 4
----------- - B L LETEEEETEEREEY )

Bigger pendulum (57/4) Smaller pendulum (7)
By the time, the bigger pendulum makes one full oscillation,

1
the smaller pendulum will make [1+Zj oscillation. The

bigger pendulum will be in the mean position and the smaller
one will be in the positive extreme position. Thus, phase
difference = 90°

. (27
=Asin| — |-t
y - %
= A:ASiﬂ Z—H t = ﬂ-—tzz = tzlsec
2 4 6 3

y =0.2sin@0zt+1.57) cosOxt+1.57)



=0.1sin2107t+1.57) [.-sin2A=2sinAcos A] 1 (g 1 n I L
. 21 b) N=— = =>nowc—= L= |2= |2
=0.1sinR07x t+3.07) 2z V1 Joon, VL V2L,
2 2& 1 1
o Time period, T == == oo 10 0o :2_1233 n,=v2n =n,>n
2

. 1 1
(@) GivenK.E.=P.E. = EmV2 - EkX 2 Energy E = %mwzaz - 222mn2a?

1 1
= -mo?@? -x?)=Zmaw?x? a2 m,n?
2 2 === 5 (- Eis same)
) a; My
jazfxzzxzszza_:izi .
2 a \/E Given N, >N, and My =m, = g, >a,

b) nc—== == —:'T:> n,=12n,

For n be integer minimum value of n should be 5 and then n =
6 ie, after 6 oscillations of smaller pendulum both will be in
phase.

%* % %

A . A
d =—sinwt+—coswt
d) y, 5 >
yz:%(sina)tJrCOSwt):%x‘/E[sin@t+45°)]

Y, =%sm@t+45 ) = 21 = A/A\/E -2
2

27r 27 rad
d T 2 2=4]sinZt
@@= =1 "6 sec P2 [ 6 1)

By solving t; =1 sec (For y=4 cm) t, =3 sec

So time taken by particle in going from 2 ¢ to extreme position is

t, —t; = 2 sec. Hence required ratio will be e
(a) On a planet, if a body dropped initial velocity (z = 0) from a

height 4 and takes time ¢ to reach the ground then

—lgt:g 2h _2x8
P PT 2T 4

Using T= 27[\/7 = T= 271'\/3 7 =23.14 sec.
T= 2#\/7 =T oc—

AT

=4m/s?

d

=

«100 = =29 ], 100 =~ L (C200) = 106,
2 g 2



