SIMPLE HARMONIC MOTION

o o

INTRODUCTION

Our heart beats. Our hung oscillate, we shiver when we are cold, we sometimes snore, we can hear and
speak because our eardrums and larynges vibrate. We cannot even say "vibration" properly without the

tip of the tongue oscillating.
PERIODIC MOTION

@) The motion of the hands of a clock is periodic, the period of the motion of the minute hand being one

hour, or 3600 seconds.
) The bob of a pendulum moves periodically.
(c) Motion of planets around the Sun.

The period being equal to the time of one complete (to and fro) oscillation. Periodic motion can be along

any path.
OSCILLATORY MOTION

(1)) The motion of body is said to be oscillatory or vibratory motion if it moves back and forth (to and fro) about a fixed

point after regular interval of time.
(ii) The fixed point about which the body oscillates is called mean position or equilibrium position.
Examples : (i) Vibration of the wire of 'Sitar". (ii) Oscillation of the mass suspended from spring.
Note : Every oscillatory motion is periodic but every periodic motion is not oscillatory.
So a periodic motion may not be oscilatory. For example planetary motion, the hands of a clock.
SIMPLE HARMONIC MOTION (SHM)

If the restoring force/torque acting on the body in oscillatory motion is directly proportional to the displacement of
body/particle and is always directed towards equilibrium position then the motion is called Simple Harmonic Motion
(SHM). In this kind of motion the acceleration of particle is always proportional to negative of its displacement. It is

the simplest (easy to analyze) form of oscillatory motion.

Important characteristics of SHM

@) SHM can take place only about stable equilibrium position.
(i) The force/torque should always be directed towards mean position.
(iii) Energy should remain conserved.

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

TYPES OF SHM

)

(i)

Linear S.H.M.

When a particle moves to and fro about a fixed point (called equilibrium position) along a straight line then its
motion is called linear simple harmonic motion.

AAL111 IR VAR AR VAR IO T I AW TS
Example : Motion of a mass connected to spring.
Angular S.H.M.
When a system oscillates angularly with respect to a fixed axis then its motion is called angular

simple harmonic motion. Example :- Motion of a bob of simple pendulum.

Necessary Condition to execute S.H.M.

)

(i)

In linear S.H.M. :-

The restoring force (or acceleration) acting on the particle should always be proportional to the displacement of the
particle and directed towards the equilibrium position .. Foc—x or ao«c—x

Negative sign shows that direction of force and acceleration is towards equilibrium position and x is displacement
of particle from equilibrium position.

In angular S.H.M. :-

The restoring torque (or angular acceleration) acting on the particle should always be proportional to the angular
displacement of the particle and directed towards the equilibrium position

Tc—0 or ovoc—0

Equation of S.H.M.

)

In linear S.H.M.
The necessary and sufficient condition for SHM is
F=—kx
where  k = positive constant for SHM known as Force constant

x = displacement from mean position

d’x d’x k
m =—kx +—x=0
o dr’ - ar’ m
d’x k . . .
= i + ;x =0 [differential equation of SHM]
iy k
= ~+t@'x=0 where @ =,/—
dt m

Its solution is x = A sin (wt + ¢)
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(i)

In Angular S.H.M.

Restoring torque acting on the 1 = —C9 particle where C is a constant which can be defined as torque per unit
angular displacement.

Mathematically, Ioo = — CO. Where I is the moment of inertia of the system about the axis of rotation.

d’e d’e (C] d’e [Cj
—+|=16=0 e 20 — w = i
= I_tz +CO0=0 = t2 I . SIHLC, t2 +00=0 = ) o (l)

Derivation

Consider a particle of mass m moving along the x - axis. Suppose a force F = —kx acts on the particle where k is a
positive constant and x is the displacement of the particle from the assumed origin. The particle then executes a
simple harmonic motion with the centre of oscillation at the origin. We shall calculate the displacement x and the

velocity v as a function of time.
—_— »t=0
0" x, "

Oe —p »t=t

Suppose the position of the particle at t = 0 is x and its velocity is v,. Thus, att=0,x =x and v=v,
The acceleration of the particle is any instant is

F k

a=—=-—x=-0'x where w=~k/m
m m
h L 1
thus, 7 a
dvdx
or, e er oo vdv=—-0’x dx

The velocity of the particle is v, when the particle is at x = x. It becomes v when the displacement becomes x. We
can integrate the above equation and write

v

:[vdv :j; —o’x o {g}: =—’ {%I

2 2.2 2.2
o, Vi—v) =—0 (¥ - x,") or, v=\/(v0 +a’x )—a) x
vz
o 0 2 2
oL vEw =S4 x, (=%
1)
v,
T 0 2 e
writing [ZJ*‘XO = ?)

the above equation is becomes

v=aNA —x* e 3)
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we can write this equation as

@ =A% or,

dt

At time t = 0 the displacement is X =
integrated as

= jwdt
0

I dx

X, _
writing  sin 17? =0, this becomes

X
sin” = =wt+8 or,
A

The velocity at time t is
V= ax = Awcos(wt + J)
dt

and a :%:—a)zAsin(a)tJré')

SOME BASIC TERMS

@

(i)

(iii)

@iv)

Restoring Force :

or,

dx = wdt
A* = x*

x, and at time t the displacement becomes x. The above equation can be

.o X ! i . = .o X
[sm IZL =[], or, sin 1%—sm lj)—a)t
x=Asin(wt+0) ... @
........... o)
........... 6)

Mean Position : The point at which the restoring force on the particle is zero and potential energy is minimum, is
known as its mean position.

*  The force acting on the particle which tends to bring the particle towards its mean position, is known as

restoring force.

*  Restoring force always acts in a direction opposite to that of displacement. Displacement is measured from the

mean position.

Displacement : Tt is defined as the distance of the particle from the  exreme

mean position at that instant. Displacement in SHM at time t is given by t I
[}

x =Asin (ot + ¢)

equilibrium extreme
I position I'position
:position | 1

‘J

D pp——

1 .
i— Amplitude —»l¢— Amplitude —»

Amplitude : Tt is the maximum value of displacement of the particle

from its equilibrium position.

1
Amplitude = 5 [distance between extreme points or positions]

It depends on energy of the system.

Time period (T)

¢ The minimum time after which the particle keeps on repeating its motion is known as time period.

*  The smallest time taken to complete one oscillation or vibration is also define as time period.

b
 Itisgivenby T = o n where o is angular frequency and n is frequency.

Z
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(vi)

(vii)

(viii)

(ix)

®

(xi)

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

one. one

? «-- oscillation ----» «-- oscillation ----»

=

c

[0

E .
8 \/ \ime -
©

[oX

@

©

T T

Frequency (n or f)

The number of oscillations per second is define as frequency.

L 1 ®
Itisgivenby n =—, n=—
27

ST unit : hertz (Hz), 1 hertz = 1 cycle per second (cycle is a number not a dimensional quantity).
Dimensions : ML T,
Phase :

*  Phase of a vibrating particle at any instant is the state of the vibrating particle regarding its displacement and
direction of vibration at that particular instant.

*  Inthe equation x = A sin (ot + 0), (ot + 0 ) is the phase of the particle.
*  The phase angle at time t = 0 is known as initial phase or epoch.

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

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

«  Two vibrating particle are said to be in opposite phase if the phase difference between them is an odd multiple
ofwi.e.,, Ab=(2n+ 1)n Wheren=0, 1,2, 3,....

Angular frequency () :

The rate of change of phase angle of a particle with respect to time is define as its angular frequency.

/k
ST unit : radian/second, Dimensions : ML T, ®=,/—+  Time period (T)
m

(i) The minimum time after which the particle keeps on repeating its motion is known as time period.

(ii) The smallest time taken to complete one oscillation or vibration is also define as time period.

2n 1
(iii) Ttis givenby T = T where o is angular frequency and n is frequency.

Phase constant (¢ ) : Constant ¢ in equation of SHM is called phase constant or initial phase.

It depends on initial position and direction of velocity.

Velocity(v) : Velocity at an instant is the rate of change of particle’s position w.r.t time at that instant.
Let the displacement from mean position is given by
x =Asin (ot + ¢)
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X _ %[Asin( ot + ¢)]

d
Velocity, v= P
v=Awmcos (ot + §) or, V= oJAZ _x2

t
At mean position (x = 0), velocity is maximum.
Vo = 0A

At extreme position (x =A), velocity is minimum.

V.. = Z€ro
X Speed (V)
Graph of speed (v) vs displacement (x): I
2 2(p2 2
v=oVA? - x? v :‘”(A _X)
2 2
2 2.2 242 v S X_ =
V+ox =wA 0)2A2+A2_1 AN A X
Graph would be an ellipse :
. Acceleration : Acceleration at an instant is the rate of change of particle’s velocity w.r.t. time at that instant.
dvv d
Acceleration, a= Gt E[Aﬂ) cos(ot + ¢)]
a=—w’Asin(wt+ )
a=-oX

Note : Negative sign shows that acceleration is always directed towards the mean position.
At mean position (x = 0), acceleration is minimum.
a_ =zero

min
At extreme position (x =A), acceleration is maximum.
a_ =wA

max

Graph of acceleration (a) vs displacement (X)

a=—mx '
—oA L .

Ex. Ifequation of displacement of a particle is y = A sinQt + B cosQt then find the nature of the motion of particle.
Sol. y=AsinQt + BcosQt

d
Differentiate with respect to t = =AQ cos Qt—BQ sinQt

dt
d’y
Again differentiating with respect to t o Q%A sinQt - Q? B cos Qt
2 2
ﬁ =—Q? (AsinQt + BcosQt) :>—y =-Qy = —y +Q%y=0
dt’ dt? dt?

It is a differential equation of linear S.H.M. So motion of the particle is simple harmonic
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Sol.

Sol.

Sol.

Sol. :

. T .
If two S.H.M.'s are represented by equations ¥, =10 sin [3 nt + Z} and y, =5 [sm(3 mt)+ \/gcos(3 nt)} then find
the ratio of their amplitudes and phase difference in between them.

As y, =5 [sin(3 mt)+ \/§c05(3 nt)} ...(0)

So if5=Acos¢ and 5\/§=Asin(|)

Then A=«152+(5\/§)2 =10 and tand):ﬂ:\/?a_ so ¢=§

5
s
The above equation (i) becomes y, = Acos¢ sin(3xt) + Asing cos(3nt) = y, = Asin(3 7t + ¢) = 10 sin[3nt + (g )] so,

A= A A =111, Phase difference -~ T = -

Az 10: 1'A2_1-1,P ase di erence—4 3_ 5

A particle starts from mean position and moves towards positive extreme as shown below. Find the equation of the
t=0

o

SHM. Amplitude of SHM is A. -A A

General equation of SHM can be written as x =Asin(wt+¢)

Att=0,x=0 ..0=Asinp .. ¢=0,t $<[0,2n]

Also, at t=0, v=+ve .. Awcos¢ = maximum +ve or =0

Hence, if the particle is at mean position at t =0 and is moving towards +ve extrme, then the euqation of SHM is given

by x=Asinwt A =0 A

Similarly, for particle moving towards —ve extreme then ¢=m ©

.. equation of SHM is x =Asin(t +7) or, x =—Asinwt

Write the equation of SHM for the situation show below : A 5 t0 A
A2

General equation of SHM can be written as x=Asin(wt+¢)
A .

Att=0,x=A2 = 2" Asing = $=30°,150°

Alsoatt=0,v=-ve; Awcosdp=—ve = ¢=150°

-1 T
The equation of particle executing simple harmonic motion is x = (5 m) sin {(n s+ E} . Write down the amplitude,

time period and maximum speed. Also find the velocity at t=1s.

Comparing with equation x = A sin (ot + J),
we see that the amplitude = 5 m,

27 2n
and time period= — = 1 =2s.
o TS

The maximum speed=A®=5m X nts' =5t m/s.

dx
The velocity at time t= — . = A ® cos (ot + J)

dt

At t=1s,

v=(5m) (ns"')cos Tt :—5—nm/s
3 2 ’
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Ex.

Sol. :

Ex.

Sol. :

Note :

A particle executing simple harmonic motion has angular frequency 6.28 s and amplitude 10 cm. Find (a) the time
period, (b) the maximum speed, (c¢) the maximum acceleration, (d) the speed when the displacement is 6 cm from the
mean position, (e) the speed at t = 1/6 s assuming that the motion starts from rest at t = 0.

(&) Time period = 2_Tc = ﬁ s=1s.
® 6.28
) Maximum speed =Am= (0.1 m) (6.28 s™)
=0.628 m/s.
(©) Maximum acceleration = Aw?
=(0.1m)(6.28 s7!)?
=4 m/s’.
@  v=o a2 _yx2 =(6285") (10cm)? — (6 cm)? =50.2 e,
(e) Att=0, the velocity is zero i.e., the particle is at an extreme. The equation for displacement

may be written as
x =A cosmt.

The velocity is v=—A o sin ot.

1 6.28
At t= s, v=—(0.1m) (6.28s")sin | —x
6 6
T
=(-0.628 m/s) sin 3F 54.4 cm/s.
A particle starts from mean position and moves towards positive extreme as shown. Find the equation of the SHM.
Amplitude of SHM is A. t=0

-A 0 A

General equation of SHM can be written as x = A sin (ot + ¢)

At t=0,x=0

0=Asind

$=0,7 ¢ €[0,2r)
Also; att=0,v=+ve

Ao cosd =+ve
o, 6=0

Hence, if the particle is at mean position at t =0 and is moving towards +ve extreme, then the equation of SHM is
given by x = A sinmt

Similarly

for -A 0 A
o=T7
equation of SHM is x = A sin(t + 1)

or, X =—A sinmt

If mean position is not at the origin, then we can replace x by x — x and the eqn. becomes x — x, = A sin (ot + ¢),
where x is the position co-ordinate of the mean position.
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Ex. A particle is performing SHM of amplitude “A” and time period “T”. Find the time taken by the particle to go from

0toA/2.

Sol.  Letequation of SHM be x = A sin ot
whenx=0,t=0
whenx=A/2; A/2=Asin ot

or sinwt=1/2 ot= T/6
2n /6 T/12
T

Hence , time taken is T/12, where T is time period of SHM.

Ex. A particle of mass 2 kg is moving on a straight line under the action of force F = (8 —2x) N. Itis released at rest fromx =6 m.

(@) Is the particle moving simple harmonically.
(V)] Find the equilibrium position of the particle.
(©) Write the equation of motion of the particle.
d Find the time period of SHM.
Sol. : F=8-2x
or F=-2(x-4)

at equilibrium position F =0

= x =4 is equilibrium position

Hence the motion of particle is SHM with force constant 2 and equilibrium position x = 4.

)] Yes, motion is SHM.

) Equilibrium position isx =4 v=0

(©) Atx = 6m, particle is at rest i.e. it is one of the extreme position (I) I . l S
X= X=

Hence amplitude is A= 2 m and initially particle is at the extreme position.

Equation of SHM can be written as

k 2
Xx—4=2coswt ,where®=,— =,4/= =1
m 2

1.e. x=4+2cost

] ) 2n
d Time period, T = & 2msec.

GEOMETRICAL MEANING OF S.H.M.

If a particle is moving with uniform speed along the circumference of a circle then the straight line motion of the foot

of perpendicular drawn from the particle on the diameter of the circle is called 'S.H.M.'

Y
A

S.H.M. AS A PROJECTION OF CIRCULAR MOTION
Suppose a particle P is moving uniformly on a circle of radius A with ﬁ P
y

angular speed o . Q and R be the two feet of the perpendicular drawn >
from P on two diameters one along X-axis and the other along Y-axis. k/

(a)

(1.
\"

(b)

Suppose the particle P is on the X-axis at t=0. Radius OP makes an angle 0§ = ot with the X-axis at time t then

x=Acoswot, Yy =Asinwt
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Here, x and y are the displacement of Q and R from the origin at time t, which are the displacement equations of SHM.
It implies that although P is under uniform circular motion, Q and R are performing SHM about O with the same

angular speed o as that of P. From figure (b) centripetal acceleration of P =a = A > (towards the centre) a_ can

have two components as shown in the figure a, = Ao’ sinot = ®’x, a, = A0’ cosot = ®’y

a, and a, are actually the acceleration corresponding to the points R and Q respectively.

(
( \

N
J A

limit the restoring force (or torque) becomes linear.

(i.e. sine functions or cosine function)

\

(i)  Every periodic motion can be resolved into a number of simple harmonic motions.

(ii) Oscillatory motion can be treated as simple harmonic motion only in the limit of small amplitudes because in this

(iii) Harmonic oscillations is that oscillations which can be expressed in terms of single harmonic function

(iv) The motion of the molecules of a solid, the vibration of the air columns and the vibration of string of music
instruments are either simple harmonic or superposition of simple harmonic motions.

J

Comparison between linear and angular S.H.M.
Linear S.H.M.
Foc—x=F=-kx
where k is the restoring force constant

k dzx-ﬁ-kx 0
a=——X —X =
:dtz m

It is known as differential equation of linear SHM
X =Asinot; a=—o’x

where o is the angular frequency

k K
(02:—:(0: —:—n:21tn
m m

where T is time period and n is frequency

T:Znﬁ,nzl_\/z
k 27 \m

Angular S.H.M.

Tc—0 =>1t=-CH

where C is the restoring torque constant
C e C

=——0 +—0=0
> [ T de 1

It is known as differential equation of angular SHM.

0=0,sin ot; o=—w0

mz—g O = 9_2_n_2nn
1 T T

where T is time period and n is frequency

T:2n\/I,n:1—\/§
2V 1

Z
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Graphical representation

Ex.

Sol.

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

Displacement X = Asinot
¥ /1

2l/Al \ 1

el i \z 7

i

Q

8

el

v = Awcosmt

velocity (v) —»
N
3
>

Acceleration a=—w’Asinomt

acceleration (a) =

Force (F=ma)

F=ma /’\
T ‘“
2/

T

A

mo’

T t—»

force (F)

F = — m@’Asinot

X=X X=+A
v=1oVvA’ —x° v =tmA
i
o
¥ fa
o
a=—x a=+ ’A

a=—w’x

» X

Slope=—w’

(a) Acceleration v/s displacement

—me’Xx

F=+mw’A
AF

F=—kx

» X

Slope=-k

(a) Force v/s displacement

An object performs S.H.M. of amplitude 5 cm and time period 4 s. If timing is started when the object is at the centre
of the oscillation i.e., x = 0 then calculate.

@
(iii)

@)

(i)

Frequency of oscillation
The maximum acceleration of the object

(i)

The displacement at 0.5 s

(iv) The velocity at a displacement of 3 cm.

1 1
Frequency f=—=—=0.25 Hz
; Y T 4
The displacement equation of object x =Asinwtatt=0.5s,x =5sin(2n x 0.25%0.5)=5 sing = S cm
2

Z
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Sol.

Sol.

@

(i)

(iii)

(iv)

Sol.

(iii) Maximum accelerationa_ = w’A=(0.57)"*x 5=12.3 cm/s®
(iv) Velocityatx =3 cmis v = tovVA> — x> = +0.57y5> =3 = +6.28 cm/s

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

Vmax A(‘D 2 2 2 4A2 = A2
V= AZ_XZ butV:T:T:mﬂA -Xx = A2:4[A2_X2]: X :T
J3A
= Xx=%
2
Which of the following functions represent SHM :—
(i) sin®ot (ii) sin 2wt (iii) sin ot + 2cos ot (iv) sin ot + cos 2mt

A motion will be S.H.M. if acceleration oc —y

2 2

d
y =sin* ot = d_?c] = 2(sinot) (mcosmt) = wsin2mt, ?Zy = 20’cos2mt = dtzy xcy=20’ (1 —2}’)

(Oscillatory but S.H.M. not possible)

2

d
Asy=sin2ot = v= d_i] =2 o cos2mt = Acceleration = dtzy =—4’sin 20t =—4 o’y

so y = sin 2ot represents S.H.M.

d
y=sinot+2cosot = v= d_i] = @wcosmt — 2msinot,

dv
Acceleration = e —@’sinmt — 2@’cosmt = —@’(sinwt + 2coswt) = —w’y

‘. The given function represents SHM

2

d
y =sin ot + cos 2ot = d_}jc = @cosmt — 2@sin2ot, ?3] = — @’sinot — 4w*cos2ot = —@?*(sinmt + 4cos2mt)

dZ
dey)a{(—Y) (Oscillatory but S.H.M. not possible)

Periodic time of a simple pendulum is 2 second and it can travel to and fro from equilibrium position upto maximum
Scm. Atstart the pendulum is at maximum displacement on right side of equilibrium position. Find displacement and
time relation.

Displacement expression for S.H.M. , x=Asin (ot + ¢)
27

Time period of simple pendulum T = P 2s . o= rad/s

Amplitude of pendulum A =5 cm S0 x=5 sin(nt+ ¢)

b
Now att=0, displacementx=5cm .. 5=5sin(nx0+¢) = sinq):l:q):E

1 T
Therefore, x =5 sin 7w (t + 5 )= x=S5sin(nt + E) = x=5cos Tt
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Sol.

A particle executing S.H.M. having amplitude 0.01 m and frequency 60 Hz. Determine maximum acceleration of
particle.

Maximum accelerationa_ = &’A=4m’n’A =4m°(60)> x (0.01) = 144 n*m/s’

The velocity of a particle in S.H.M. at positions x, and x, are v, and v, respectively. Determine value of time period
and amplitude.

v=oVvAZ —x2 = V2= (A*—x%?)

Atposition x, , Vf = o (A’— Xf ) ..(d) At position x, , Vi = (A’- xi ) ...(i0)

2 2
Sub e (i) f o2 2 _ 2,2 2 o= |1 =V2
ubtracting (ii) from (i) v; — v, = (x; —X;) = NN
2 1
2 2
. . X; —X
TlmeperlodT:z_7t = T=2n|5—
® Vi—Vv,

2 A2 g2

C LA T 242 2,2 2 72 2,2

Dividing (i) by (ii) 2 A & VIAT — VX, = VAT —V5X|
Vs -X

2 e 2. 2
2 2 2 2.2 2.2 VX, —V, X
So A*(Vv] —V;)=VX; —V;X] = A= (A2 L
Vi =V,

SHM As a projection of uniform circular Motion

Consider a particle Q, moving on a circle of radius A with constant angular velocity ®. The projection of Q
on a diameter BC is P. It is clear from the figure that as Q moves around the circle the projection P executes
a simple harmonic motion on the x-axis between B and C. The angle that the radius OQ makes with the +ve
vertical in clockwise direction in at t = 0 is equal to phase constant (¢).

[

—Y

mon(at t=0)

O }Q‘(att=t)
\\O

PP C

-A (0,0 +A

x(t)

Let the radius OQ, makes an angle ot with the OQ, at time t. Then x(t)=Asin(ot+¢)

In the above discussion the foot of projection is x-axis so it is called horizontal phasor. Similarly the foot of
perpendicular on y-axis will also executes SHM of amplitude A and angular frequency o[y(t)=Acoswt]. This
is called vertical phasor. The phasor of the two SHM differ by n/2.
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Problem solving strategy in horizontal phasor.

1.

2
3.
4

Sol.

First assume circle of radius equal to amplitude of SHM.
Assume a particle rotating in a circular path moving with cosntant « same as that of SHM in clockwise direction.
Angle made by the particle at t=0 with the upper vertical is equal to phase constant.

Horizontal component of velocity of particle gives you the velocity of particle performing SHM for example

/ from figure v(t) =Amcos(wt+d)

Iay:
\\ /

Component of acceleration of particle in horizontal direction is equals to the acceleration of particle performing
SHM. The acceleration of a particle in uniform circular motion is only centripetal and has a magnitude a =w’A

Q,
ot+

a(t) Q
‘b t I _ t+
by (5ot

from figure a(t) =—w’Asin (wt+¢)

. . -3 . .
A particle starts from point X = TA and move towards negative extreme as shown following

A Q A

(a) Find the equation of the SHM
(b) Find the time taken by the particle to go directly from its initial position to negative extreme.

(c) Find the time taken by the particle to reach at mean position. R—

o
Figure shows the solution of the problem with the help of phasor. Horizontal “’( /

S
component of velocity at Q gives the required direction of velocity at v\ (32Al |
t = 0 so we will choose it. \

Q

A (32A  (0,0) A
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Sol.

In AOSQ :

Now g 3E_ T _Bn_dn
(O —2 6_6_3

. . . 47
So equation of SHM is X = Asin| ot +T

(b) Now to reach the particle at left extreme point it will travel angle 0 along the circle. So time taken.

NS SO
o 60 12

. o n om_2m

(¢) To reach the particle at mean position it will travel angle o = 5 + 3 = 3

o
So, time taken = — = —Se€c
o 3

A
Write equation of S.H.M. of o angular frequency and A amplitude if the particle is situated at E att=0
and is going towards mean position.

A
At t = 0 particle was at —= and was going towards mean position as shown in the figure below.
p \/5 going p g

-A M A

The same situation is described by making reference point on a circle of radius

A as shown in figure .

The reference point can be located at any of the two positions G and H as shown in figure for having displacement

A
E , but to move towards mean position it should be H. Position H corresponds to angle 3n/4.

3 . kY4
Thus ¢=Tﬁ and x=As1n[a)t+Tj

Alternative Mechanical solution
Putting t = 0 in equation x = A sin (ot + ¢)

A
We get EzAsin [0}

RY/4

Thus, ¢= vy

NG

T
butatt=0;V <0 so 7 is rejected

x:Asin(a)t+3—7[j
4

Note : If mean position is not at the origin, then we can replace x — x and the equation becomes x — x, = A sin (wt+3),

where x is the position co-ordinate of the mean position.
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ENERGY CONSERVATION IN SHM
Simple harmonic motion is defined by the equation

F =-kx
The work done by the force F during a displacement from x + dx is
dW = F dx =—kx dx

The work done in a displacement from x = 0 to x is

: 1
W= .([(—loc)dx = —Ekxz

Let U(x) be the potential energy of the system when the displacement is x. At the change is potential energy
corresponding to a force is negative of the work done by the force.

U(x)—U(O):—W=%loc2
Let us choose the potential energy to be zero when the particle is at the centre of oscillation x = 0.
1
Then U(0) = 0 and U(x) =Ek>c2

This expression for potential energy is same as that for a spring has been used so far in this chapter

As a):\/z,kzma)2
m

1
We can write U(x)= Ema)zx2 ....... (@)

The displacement and the velocity of a particle executing a simple harmonic motion are given by
x = A sin (ot + d)
and v=Aw cos (ot + J)

The potential energy at time t is therefore,

U= lma)zx2
y)

1 .
=—mw’x* A’ sin’ (ot + 5)
and the kinetic energy at time t is

= %mAza)2 cos’ (wt + )

The total mechanical energy at time t is
E=U+K

— %ma)zA2 [sin2 (wt + &)+ cos’ (wt + 5)]

:lma)zA2
2
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We see that the total mechanical energy at time t is independent of t. Thus, the mechanical energy remains
constant.

1
At the mean position x = 0, the potential energy is zero. The kinetic energy is =Emv§ =5(UZA2. All the

mechanical energy is in the form of kinetic energy here. At the particle is displaced away from the mean position,

the kinetic energy decreases and the potential energy increase. At the extreme position x = + A, the speed

v is zero and the kinetic energy decreases to zero. The potential energy is increased to its maximum value
1 1

:EkA2 =Em(02A2 . All the mechanical energy is in the form of potential energy here.

ENERGY OF PARTICLE IN S.H.M.
Potential Energy (U or P.E.)

@

(i)

Note :

(i)

In terms of displacement

du
The potential energy is related to force by the relation F = Tk = IdU = —I Fdx

U 4 _1 2
b Um— > k A
1 ;
FmSHA&F:fbmoIdU=—ﬁAﬂﬁX=Ibdx:$U:5kﬁ+C
1 -A +A
Atx=0,U=U, = C=U, So U= Tke+U,

1
Where the potenital energy at equilibrium position=U, whenU =0  thenU= 5 kx?

In terms of time

U, Um:% KA?
51
Su
S
<
i)
]
o
0 _Lil Al 3T 3T time (t)—»
4 2 4 2

1
Since x=Asin(wt+¢), U= > kAZsin*(ot +¢)

1 1
If initial phase (¢) is zero then U = > kAZsin’ot= > m’AZsin’ot

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

The potential energy is the periodic function of time.
T 3T 5T
4

Itis minimum att= (, I’ T, —... and maximumatt=
2 2
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Kinetic Energy (K) 8

. KE tKE, =— Mo'A
@ In terms of displacement L2
If mass of the particle executing S.H.M. is m and Its velocity is v then kinetic
energy at any instant.
-A +A
K= 1— mv’= 1— me? (A2—x%)= 1— k(A%?—x?)
2 2 2
(i) In terms of time
=A t +
v (DCOS((D ¢) KE,.. KE, = % M2 A
! i
K= — ma’A? cos? (ot + ) o
2 &
Ifinitial phase ¢ is zero ‘é
1 “o0 I T 3T 2T time ()—>
K= > ma’A? cos’ot 2 3
Note :
@) In S.H.M. the kinetic energy is a inverted parabolic function of displacement. The kinetic energy is maximum ( 5 kA?)
at mean position (x = 0) and minimum (zero) at extreme position (x = + A)
(i) The kinetic energy is the periodic function of time. It is maximum at t = 0, T, 2T, 3T.............. and minimum at t =
T 3T 5T
2 b 2 b 2 ey

Total energy (E)
Total energy in S.H.M. is given by ; E = potential energy + kinetic energy = U + K

1 1 1
(@i w.r.t. position E = > kx2 + > k(A’-x*) = E= 2 kA?= constant

(i) w.r.t. time

1 . 1 1 1 1
E= EmmzA2 sinZet to ma’A? cos’ot = EmmzAz (sin® ot + cos® ot) = Em(nzA2 = EkA2 = constant

max

i 1 2 4 1 k A2 ",’ \\ '/, \“
TE o kA TE 2 Y \ /KE.
/ \/ \/ \PE.
displacement time N

ot
Note:
@) Total energy of a particle in S.H.M. is same at all instant and at all displacement.
(i) Total energy depends upon mass, amplitude and frequency of vibration of the particle executing S.H.M.
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Average Energy in S.H.M.

i) The time average of P.E. and K.E. over one cycle is

1 1 1
(@) <KE>=<7 mo’A’ cos’ ot > = Erno)zA2 <cos’ ot >= Em(DZAZ [—J =—mo’'A’ = —
1 242 2 1 2x2 .2 1 2a2(1
(b)<PE> =< Emm A” cos” ot >=mo A’ <sin’ ot >=mo A 5)=

1 1
(c)<TE>=< mezAz +U, >= EmcozA2 +U, = —kA’ + U,

(ii) The position average of P.E. and K.E. between x = -A to x=A

A
i;mcoz (A2 -x’ )dx %m(o2 {Azx —)i]_A
(a)<KE>x: ]}dx = 2A =

-A

kA2

W | =

1
(b)<PE>X= —a = A = = =U, :gkAz

(€)<TE> =7 = 7 =

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

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

(iii) Frequency of total energy is zero because it remains constant.
\

Ex. In case of simple harmonic motion —

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

(b) At what displacement the kinetic and potential energies are equal.

1 1 1
Sol.  InS.H.M. : Kinetic Energy K = 5 k(A?—x?%), Potential Energy U = 5 kx?, Total Energy (TE) = 5 KA?

A’ -x’ _ . u x
———, Fraction of Potential Energy f,, = ——

(a) Fraction of Kinetic Energy f, . = TE = TE A
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Sol.

(b)

A A*-A*/4 3
atx=— f=————=— and f

A4 1
2 K A’ 4 UoA? 4

1 1 A
— — 2 g2y = — Lex2 2 A2 =tf—
K U:>2k(A x?) 2kx:>2x A*=x /—2

The potential energy of a particle oscillating on x-axis is U = 20 + (x — 2)%. Here U is in joules and x in meters.

Total mechanical energy of the particle is 36 J.

@
(b)
©

@

(b)
(©)

State whether the motion of the particle is simple harmonic or not.
Find the mean position.

Find the maximum kinetic energy of the particle.

du .
F = e 2(x-2) By assuming x — 2 = X, we have F = -2X

Since, F oc —X The motion of the particle is simple harmonic
The mean position of the particle is X = 0 = x — 2 = 0, which gives x = 2m
Maximum kinetic energy of the particle is, K =E-U__ =36 -20=161]

X min

Note : U . is 20 J at mean position or at x = 2m.

mil

SPRING SYSTEM

(i)
(iii)

(iv)

halical spring spiral spring

i)

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

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

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

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

koc%

hyperbola

spring constant (k) =

length of spring (¢) —

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

-, W « LN

compressing a spring spring without deformation stretching a spring

W= J.Fdx :J. kx dx and U=W= ;_ 2 parabola

1
When spring is stretched from @ to ®_ then Work done W= 5 k(®’-®?2)
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Spring Pendulum

@

(i)

(iii)

@iv)

)

(vi)

(vii)

When a small mass is suspended from a mass-less spring then this arrangement is known as spring pendulum.
For small linear displacement the motion of spring pendulum is simple harmonic.
For a spring pendulum

B i S .
- :>mdt2 —kx [ ma mdtz]
d’x k d’x , , k
S ™

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

Ti riod T*2—Tc*27t2 F 7L£
ime period © ,[ , requency n= -y
Time period of a spring pendulum is independent of acceleration due to gravity. This is why a clock based on
oscillation of spring pendulum will keep proper time everywhere on a hill or moon or in a satellite or different places
of earth.

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

By increasing the mass, time period of spring pendulum increases (T oc +/m ), but by increasing the force constant

1
of spring (k), Its time period decreases [T & E} whereas frequency increases (n oc Jk )

If two masses m, and m, are connected by a spring and made to oscillate then time period T = 27 %

k
m, [0068080600806608060086| m,

mlmZ
Here, pw = ——— =reduced mass
m, +m,

If the stretch in a vertically loaded spring is y, then for equilibrium of mass m.

N
k

0q |

ky,=mgi.e.,

m
So, time period T= 27t\/: =27 Yo
k \ g

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

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

(viii)  Iftwo particles are attached with spring in which only one is oscillating

— - ’m
Time period = 27t\v/mass of oscillating particle _, - Tl

force constant

Various Spring arrangements
(i) Series combination of springs

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

Total displacement x = x, +x, ‘ ‘ m
1 2
. . ALLILANERTATATARRTRARARARARATATAN AR AR IR TRARNAN AN AN
Force acting on both springs F=-k x =-kx,
F F F F )
> x,=—— and X, =—— SoX=— k_+k_ ()
k, k, 1 2

If equivalent force constant is k then F=—k x

F
So by equation (i) —k—:____ = _=_+k_ . -
Time period T=27 ™ —ox mk, +k,)
k, k, k,

Ik, k
Frequency n= o ,/m , Angular frequency @ = ’E

(ii) Parallel Combination of springs

AN

E

ILLILLL

K, K,
0000000800

=

WYSSSYNTS
DOCEBOCEAOLEND
3

LU,

:

In parallel combination displacement on each spring is same but restoring force is different.
Force acting on the system F=F +F,= F=-kx—-kx ..(D)

If equivalent force constant is k, then, F = -k x, so by equation (i) -k x=-k x-kx= k,=k, +k,

i i =2n |—=2 = —1 LA 1 = _kl kz
[ime period I i ; Frequency n ,/ ; Angular frequency ® ,/
; K 1k, q y 5 gu q y
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Sol.

Sol.

Sol.

Sol.

Sol.

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

m+4

InFcase:T=2r % = 4= 275\/% ..(iy andin II'" case: 6=2m .. (i)

L 4 m 16 m
Divide (i) by (ii) g= mid = 36 maid = m=32kg

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

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

m m m 1 T T
.'.T'_ZTC\/:—ZTC — = m. 2 - -
T T N RN

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

If block is not separated from slab then restoring force due to S.H.M. should be | m |

less than frictional force between slab and block. M

AJJANNEERNARTTETATARARRRRRNAARARARRRNNRNNNNNNY
F <F = ma_ <umg= a <ue = A < = o< He
restoring — ~ friction max. — }’L g max. M g = Mg = A

A block of mass m is suspended from a spring of spring constant k. Find the amplitude of S.H.M.
Let amplitude of S.H.M. be x then by work energy theorem W = AKE

1 2mg
mgxofgkx0 =0= Xy =——

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

‘1 2
1o [E o pegel Ly
kl kl Tl
4
and T,=2n kﬂ :>T22:4n22:>k2:n_m
2 2
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Sol.

Sol.

4n’m | 47’m ) 47*m
[m 111 k k T )| T rme e | em
Now T =2m,|— where —=—+— = k'=—2-= L B ck'= e | 3 ——
k' k' k Kk, k, +k, 4n m+47rm A 1 [ 1 T +T;
rm|—+—
T T, TANT’

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

1 1 1 1 a
E:E+E+E+ﬁ+ ............. © (Forinfinite GP. S_= T-; where a=Firstterm, r = common ratio)
! ! 1+l +1 +l + b1 z So k_=k/2
—=— —t— =t =———| — o k_=
k. k 2 4 8 k I—L k =
2

Figure shows a system consisting of a massless pulley, a spring of force constant k = 4000 N/m and a block
of mass m = 1 kg. If the block is slightly displaced vertically down from its equilibrium position and released
find the frequency of its vertical oscillation in given cases.

Case (A) :

As the pully is fixed and string is inextensible, if mass m is displaced by y the spring
will stretch by y, and as there is no mass between string and spring (as pully is
massless)

F=T=ky i.e., restoring force is linear and so motion of mass m will be linear

simple harmonic with frequency
L [4000 o
2t \m 27 1

The pulley is movable and string inextensible, so if mass m moves down a distance

Case (B) :
y, the pulley will move down by (y/2). So the force in the spring F = k(y/2).
Now as pully is massless F = 2T, = T = F/2 = (k/4)y. So the restoring force on the

Ly
4

S _L\/E_L L_H_A_SH
& T o0x\m 2z V4ax 2 ° 7

1
massmT:Zky=k'y = k' =
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Case (O) : . .

In this situation if the mass m moves by y the pully will also move by FBD

y and so the spring will stretch by 2y (as string is inextensible) and so of pulley
T’ =F = 2ky. Now as pulley is massless so T = F + T’= 4ky, i.e., the

restoring force on the mass m T

T =4ky = k'y = k'=4k

1 k' 1 4k
So nC:E E:E ;:2HA220HZ

SIMPLE PENDULUM

ALIRTARTAANAY

If a heavy point mass is suspended by a weightless, inextensible and perfectly flexible

string from a rigid support, then this arrangement is called a simple pendulum 0
Effective ,
length
Expression for time period 0
- )
------ 'O\
Restoring force acting on pendulum F = — mg sin0 N @ Q?p&
mg
For small angle sin 0 = %:X Soma= —mgXZ =a = —Ey
SA 1 1 1

(i)

(iii)

(iv)

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

dlsplacement
» |aj= (ozy:>0)2—— = 0 =,= T———27T
1 acceleration

T=2n \/I is valid when length of simple pendulum (®) is negligible as compare to radius of earth (® <<R ) butif ®
g

0Q
0Q

is comparable to radius of earth then time period T= 2

The time period of oscillation of simple pendulum of infinite length (®— o)
R ! 1
T=2n g ; 84.6 minute ~ 1 5 hour (It is maximum time period)

2

Ifangular amplitude (0,) is large (0,> 15°) then time period is givenby T =2x \/I [1 + 19—%} here 0, is in radian.
g
If a simple pendulum of density p is made to oscillate in a liquid of density ¢ then its time period will increase as

compare to that of air and is given by T =2x
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Second's Pendulum

Sol.

Sol.

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

For second's pendulum, time period T=2= 21t \/I . At the surface of earth g = 9.8 m/s> ~ w*m/s’.
g

So length of second pendulum at the surface of earth ® ~ 1 meter

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

2 1\
. . v . . y
Centripetal acceleration a_ = R & Acceleration due to gravity = g

— g2 (v . . - b
So et =48 +L—J = Time period T=2n [— =271 ——
R Ber \

A simple pendulum is suspended from the ceiling of a lift. When the lift is at rest, its time period is T. With what

. . . o . T
acceleration should lift be accelerated upwards in order to reduce its time period to R

1
g+a

T
In stationary lift T=2n \/I (1) In accelerated lift £y =T'=2n ...(iD)
g

g+a
Divide (i) by (ii) 2= e —gta=4g > a=3¢g

METHODS TO DETERMINE TIME PERIOD IN SHM

@

(a) Force / torque method
(b) Energy method

Force / torque method.

In linear SHM the acceleration a and displacement x of the system are related by an equation of the from

a =— (a positive constant) x
which says that the acceleration is proportional to the displacement from the equilibrium position but is in the
opposite direction. Once you find such an expression for an odcillating system. You can immediately compare it with
equation a = —@’x, identify the positive constant as being equal to ®?, and so quickly get an expression for the
angular frequency of the motion.
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W) Energy Method
Let gravitational potential energy to be zero at the level of the block when spring is in its natural length. Now at a
distance below that level, let speed of the block be v.

1 1
—mgh+—kx* +—mv’ = constant
2 2

Differentiating w.r.t. time, we get
—mgv +kxv+mva=0
where a is acceleration

F=ma=-kx+mg or F:—k(x——j

This shows that for the motion, force constant is k and equilibrium position is x = Tg

So, the particle will perform S.H.M. and its time period would be T = 27r\/%

'd Y
( \ J )

i) If angular amplitude of simple harmonic pendulum is more, then time period

1 0;
T=2r \/; (1 + %) (for other exams)

Where 60 1s in radians.

(ii)  Time period of seconds pendulum is 2 sec and | =0.993 m.
(iii)  Simple pendulum performs angular S.H.M. but due to small angular displacement, it is considered as linear SHM.
(iv)  Iftime period of clock based on simple pendulum increases then clock will be slow but if time period decrease then

clock will be fast.
. . . AT 1 Al
(v)  If g remains constant and A] is change in length, then = x100 = 5 x100
AT 1 Ag
(vi)  If | remains constant and Ag is change in acceleration then, T x100 = E?X 100

(vii) If Al is change in length and Ag is change in acceleration due to gravity then,

£X1()()= 1AL 1Ag %100
T 2

\.

Time period of simple pendulum of large length

Iflength of the pendulum L is comparable to the radius of earth 'g' will not remain vertical but will be directed towards
the centre of the earth as shown in figure.

In this case
T=|mg % OB|=mgL sin (6+¢)

Now, ©=y/R
on d=y/R

= T= —mgLé’[l +§j
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=-mgﬁ@+115)=-mgﬂu+u/Rn
v/L

1=-mgL?0 (1/L+1/R)

1 1 1 1
=-mla =mgl*0| —+— a=g0| —+— .
= g ( I RJ = g ( I RJ = aoc—0
i.e. here alsio oscilliations are simple harmonic in nature.
0| 1
al (1 1
& L R
'd N\
( \ & J )
i) General formula for time period of simple pendulum.
T=2r
(i))  On increasing length of simple pendulum, time period increases, but time period of simple pendulum of infinite
. . o . . R
length is 84.6 min which is maximum and is equalto 7 =27z, [—.
g
(Where R is radius of earth)
\. J

Time Period of Simple Pendulum in accelerating Reference Frame

Sol.

T=2x /1—
ge/f.

g.; = Effective acceleration due to gravity in reference system = | é—tlz |
& = acceleration of the point of suspension w.r.t. ground.

Condition for applying this formula : | é—éz | = constant.

A simple pendulum is suspended from the celling of a car accelerating uniformly on a horozontal road. If the
acceleration is a; and the length of the pendulum is | , find the time period of smaj;; oscillations about the mean
position.

We shall work in the car frame. As it is accelerated with respect to the road, we shall have to apply a pseudo force
ma, on the bob of mass m.

For mean position, the acceleration of the bob with respect to the car should be zero. If 0 be the angle made by the
string with the vertical, the tension, weight and the pseudo force will add to zero in this position.

Hence, resolution of mg and ma, (say F = myg® + aé ) has to be along the string.

e 30

mg g

tan0, =

+91-9350679141
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SIMPLE HARMONIC MOTION

Now, restoring torque can be given by

(Fsind)] =-mla s
Substituting F and using sin 6 = 0, for small 6 el 0 b
2 2 2 /lzﬂl
(m,/g +ao)19:—m1 a /GF! g
Vg2+a§€ 2 ng-l—aé u

so, o =
1 1

This is an equation of simple harmonic motion with time period

2 \/1_

1/4
« (g2+a§)

or, a=

COMPOUND PENDULUM
Any rigid body which is free to oscillate in a vertical plane about a horizontal axis passing through a point, is define
compound pendulum

Expression for time period

Torque acting on abody 1=-mg®sin0 if angle is very small sin0 ~ 0 then 1=—mg®0...(I) andt=1_a....(ii)
Here m = mass of the body

® = distance between point of suspension and centre of mass

I, = moment of inertia about horizontal axis passes through point of suspension

From equation (i) and (ii) I a=-mg®0

d’e d29 mgl suzzi2;§2f1~~., S\
I e +mg®0=0, F aF 1 0=0 ...(iii) R\'—
2
® Q +w0=0 (i)
dt
mgi mgl
Compare equation (iii) and (iv) o? = T > 0= Bl
I

2n
Time period of compound pendulum T =—=2n
o) mgl

Applying parallel axis theorem [ =1, + m®* = [ =mK’*+m®>

2
I mK?® +ml? K +1
> T=2n =2m————— = T =12n ||
mgh mgl _—
g
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Here S = point of suspension ; O = point of oscillation ; K = radius of gyration

2
L=—+ @®@=equivalent length of simple pendulum

1

® = distance between point of suspension and point of oscillation

Time Period T=2n

For maximum time period ®=0 Maximum time period T = o0
T
For minimum time period —— an =0thenK=0=T =T=2n
k2

Note : T = Distance between centre of mass and point of oscillation. It has uniform cross section area and width

at any point.

Bar Pendulum

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

(centre of mass).

. K2
T = To E pD+DR:/+T

LK 5
T]: 2 QD+DS=%+;

P o e \o s

A 0 B

(distance from one endy —
[0OO0 60 06 00 0 o0 0 O

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

The distance are such that

PR +QS

2 = .eq: o +K’/® AlsoPD=®@ DR=K*/®

The time period is minimum when @ = K

2K
g

In Fig. AB= 2K. The minimum period is T, =2=x

/
D Centre of mass
T

O T=0, andWlth—:
dr

_K

2

K=+Athen T, =T,

+91-9350679141
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{ Y
4 A\ J )

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

(i)  Minimum time period is obtained at two points

(iii)  The point of suspension and point of oscillation are mutually interchangeable.

(iv)  Maximum time period will obtain at centre of gravity, which is infinite means compound pendulum will not

oscillate at this point.

(\J) Compound pendulum executes angular S.H.M. about its mean position. Here restoring torque is provided by
L gravitational force. )
Ex. A disc is made to oscillate about a horizontal axis passing through mid point of its radius. Determine time period.
Sol.

For disc I = MK? 2 K R 1 R
= = = = 1l==
Or aisc \/5 2
K R R’ R 3R L 3R
L=l+—=—+——<=—+R=— = T=2n|—=2n|—
12 2[R) 2 2 g 2g
2
Ex. A rod with rectangular cross section oscillates about a horizontal axis passing through one of its ends and it
behaves like a second's pendulum. Determine its length.
Sol.
Because oscillating rod behaves as a second's pendulum so its time period will be 2 second.
=1 (i) [ n?=g]
. . L , L7
Assume length of rod is L, because axis passes throughoneend So 1= Eand K* = T
2
Putting this values in equation we get 4 + 12 X - = L=15m
Ex. The time period of a bar pendulum when suspended at distances 30 cm and 50 cm from its centre of gravity
comes out to be the same. If the mass of the body is 2kg. Find out its moment of inertia about an axis passing
through first point.
Al®
£,=50cm
CM|e
$=500m
B|e® '
KZ
Sol.

I, =MK*+ M@ but ® =50 cm & 1_:30 cm =
1
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EX.

Sol.

Sol.

Figure shows a pulley block system 1n equilibrium. If the block 1s displaced down slightly from its equilibrium
position and released. Find the time period of oscillation of the system. Assume there is sufficient friction present
between pulley and string so that string will not slip over pulley surface.

If m is in equilibrium tension in string must be mg and spring is stretched by h so that

mg=Kkh. If we displace the block downward by a distance A and released, it starts executing
SHM with amplitude A. During its oscillation we consider the block at a displacement x below
the equilibrium position, if it is moving at a speed v at this position, the pulley will be rotating

A\

at an angular speed ® given as ® = —
r

1 1 1
Thus at this position the total energy of oscillating system is E; = Emv2 +—lo’ +Ek(x+h)2 - mgx

Differentiating with respect to time,

dE, 1 ( dvj 1 [1)( dvj 1 [ dx} [dx)
e o =—m|2v—|+=I| || 2v—]+=k|2(x+h)— |-
weeet Tq T M) T2 W T b )dt me

k

1
or mva+r—zva+k(x+h)v—mgV:0 or a+{ szo [as mg:kg]

!
ol
r2

Comparing above equation with standard differential equation of SHM we get ® =

|
m+r7

k

Thus time period of oscillation is T = 2_7'C =2n
o

Figure shows a pulley block system in which a block A is hanging on one side of

pulley and an other side small bead B of mass m is welded on pulley. The moment
of inertia of pulley is I and the system is in equilibrium when bead is at an angle

o from the vertical. If the system is slightly disturbed from its equilibrium position,

find the time period of its oscillations.

In equilibrium the net torque on pulley must be zero, thus we have

Now if block is displace down by distance A and released, it starts oscillating with amplitude A. Now consider
the block at a distance x below the equilibrium position when it is going down at speed v. Figure shows the
corresponding situation at this instant and the total energy of oscillating system can be written as

MgR = mgRsino or M = msina  [if mass of block A is assumed to be M]

2
1 1 1

E, = —Mv’ +—mv’ +—I(lj —Mgx +mgR [cosa —cos (0 +a)]
2 2 2 \R

T
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T R[cos(8+a)-cosu]

Differentiating the above equation w.r. to time, we get

dE
- = lM(ngj +1—m (Zvﬂ) +li[2v%j —Mg(gj +ng[—sin(9+oc)%} =0

2 dt/ 2 dt/ 2R? dt

Mva + . L Mgy + mgR sin(6 + (ijo [asd—e—m—l}
= Mva + mva re V2~ Mgv + mg sin(0 + a) 2 al R

I
= (M+ m + Fj a —Mg —mg [acosatsina]=0

I X
:>(M+m+F)a+mgcosa-E:0 [as M =m sina and 6 = %]: a=-— mgcosa

—I X
R(M+m+¥j

Comparing equation with basic differential equation of SHM, we get the angular frequency of SHM of system

mgcosa
as 0= 1
R (M +m + F]
Ex. A solid uniform cylinder of mass M performs small oscillations in horizontal K K

plane if slightly displaced from its mean position shown in figure. If it is

given that initially springs are in natural lengths and cylinder does not slip
on ground during oscillations due to friction between ground and cylinder. ‘R

/
=

Force constant of each spring is k. Find time period of these oscillation.
Sol. In the situation given in problem, the cylinder is in its equilibrium position

when springs are unstrained. When it slightly rolled and released. It starts
executing SHM and due to friction, the cylinder is in pure rolling motion.

Now during oscillations we consider the cylinder when it is at a distance x

from the mean position and moving with a speed v as shown in figure. As
cylinder is in pure rolling, its angular speed of rotation can be given as

As centre of cylinder is at a distance x from the initial position, the springs which are connect at a point on
its rim must be compressed and stretched by a distance 2x. Thus at this intermediate position total energy
of the oscillating system can be given as

ET=le+l(leﬁm2+lkuxfxz
2 22 2
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Ditterentiating with respect to time, we get

Y NTCRVS AR B RS
a2 dt/ 2\2 R? dt dt

1 16 k
Mva + —Mva + 8kxv =0 a=———X
= 2 = 3 M

Comparing equation with basic differential equation of SHM.

16k
We get, the angular frequency of SHM as ® = IM

Thus ti iod of th illation i T—z—n—“\/m‘ﬁvﬁ
us time period o €S€ osciliation 18 ® 16k 2 k

Examples of Simple Harmonic Motion

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

stress F/A FL YA
strain 1/L 1A L

Restoring force is linear so motion is linear simple harmonic with force constant

YA _L\E_L/&
L "V m T 27\ mL '

If the lower surface of a cube of side L and of modulus of rigidity 1 fixed while fixing a particle of mass m on the

upper face, a force parallel to upper face is applied and withdrawn; Here restoring force will be developed due to
elasticity of block.

shear stress

Modulus of rigidity of the block 1 = . .

_F A o
=g SF=nTy  [s0=7]

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

F ttk*é‘L A=1% SoT=2 \/EZ ,/ﬂ
orce constan ()—nL—n [asA=L?] SoT=2n C T nL

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

Here cross-section of the tube is uniform and the liquid is incompressible and non viscous. Initially the level of
liquid in the two limbs will be at the same height. If the liquid is pressed by y in one limb, it will rise by y along the
length of the tube in the other limb so the restoring force will developed by hydrostatic pressure difference, i.e.,

F=—APxA=—(h +h)gdA = F=—Agd(sinf, +sinb,)y

h% 5y ] %
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As the restoring force 1s inear, motion will be Iinear simple harmonic.

m
Adg(sin®, +sin6,)
Note : Ifthe tube is a U-tube and liquid is filled to a height h

Force constant (k) = Agd (sin0, + sin0,) So T= Zn\/

h
0,=0,=90° and m=hAd x 2 So time period T =27 \/g

When a partially submerged floating body is slightly pressed and released :

equilibrium-position

If a body of mass m and cross section A is floating in a liquid of density ¢ with height h inside the liquid then
mg = Thrust = Ahcg, i.e.,, m=Ahc ..(i)
Now from this equilibrium position if it is pressed by y, restoring force will developed due to extra thrust i.e.
F=—-Acgy

As restoring force is linear, motion will be linear simple harmonic with force constant k = Acg,

e
So T=2xn ¥f2n Acg

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

h
And also as from eq". (i) m=Aho, T =27 \/% where h is the height of the body inside the liquid.

Motion of a ball in a bowl

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

d’e 2
t—loc—mRz[dT} [asI=mR?and o= e ]
So mdeze =—m i.e ﬁ:— ? — B Tzz_nzzn\/E
, i gRO e, e 0’0 = o R © o .
5. Motion of a ball in a tunnel through the earth
Case I :

If the tunnel is along a diameter and a ball is released from the surface. If the ball at any time is at a distance y from
the centre of earth, then the restoring force will act on the ball due to gravitation between ball and earth. But from
theory of gravitation we know that force that acts on a particle inside the earth at a distance y from its centre is only
due to mass M' of the earth that lies within sphere of radius y. (the portion of the earth that lies out side this sphere

) -GmM'
does not exert any net force on the particle) so F = y—z

3
4 4
Butas M= gnR3p and M'= ;ny3p, ie, M'=M {%}

-Gm ¥y | GMm
ey MR T R

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

GMm m R’
k= —5— so T=2m4/— =2n
R k GM
R

Furth G T=2 ,f
= = I -
urther more as g e b g

37

Which is same as that of a simple pendulum of infinite length and is equal to 84.6 minutes.
Case II :

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

GMm } F} GMm &

Fv—Fsine—{— R y F =

Which is again linear with same force constant k = R
(B)

So that motion is linear simple harmonic with same time period -

m R’ R
T=2n,— =2xu =214/ =84.6 minutes
k GM g

Note : In SHM Vo = 0A

(i) InT case and 11" case time period will be same but v will be different.

1
(ii) If ball is dropped from height h it will perform oscillatory motion not SHM [F o = and not F oc (—1)]
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Sol.

Sol.

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

h
T=2n \/; where h=L cos0

h= 2 _;?

o= / g
Lcos6

Torsional Oscillator : (Angular SHM)

T=2 J—I here C nmr”
= e C=
T c Where o

1 = modulus of elasticity of the wire ;

r =radius of the wire
L = length of the wire ; I = Moment of inertia of the disc

Oscillation of piston in a frictionless gas chamber piston :

T=2rn where V= volume of cylinder

A’E
m = mass of piston , A = area of cylinder ball, E = bulk modulus =

For Isothermal process : E=P, So T=2n,/vm/ PA?

For Adiabatic process : E=yP, So T=2rn,/Vm/ yPA’

......

Tsino

mg mg

mirror — !
——wire

disk

AP

-AV/ V

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

’ 1
T=2n 2e’ here ® is the length of liquid column. If the liquid of same mass is set into oscillations in U-tube of
g

A
cross section Te then determine time period of oscillation.

Mass is constant = volume X density = constant = V d=V.d

A, 1 T [iv [tel
(AO)d—{—l}d:O’—mO > T=2m|— . === =4]——=4 = T'=4T
16 2g T 1 1

A ball of mass m kept at the centre of a string of length L is pulled from center in perpendicular direction and
released. Prove that motion of ball is simple harmonic and determine time period of oscillation

Restoring force F =—2TsinO

. . -5 X
When 6 is small sinO ~ tan0 ~ 6 = _L/2
2
o OTsin=-2T0=—2T——
T ar L/2

TcosO m

Tcos6

S i i e b . 727‘C7 4T T= mL
0 motion is simple harmonic ®= T —,’mL =T= n,’4T

Z

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

Ex. In the spring mass system shown in the figure, the spring is compressed by K 2k
mg . . . i
X, = 5, from its natural length and block is released from rest. Find the —)
2k mg/4k
speed of the block when it passes through P (mg/4k distance from mean
position)

f 3k
Sol. o= P x=Asin(w+9), v=Awcos(ot+) at t=0, x=0 = ¢=0

; %—%siﬂmt sinmt—l— ot =
x:Asm(ot=>4k—2k = —2:> =

( )
Ve Awcosat, v 18 /&cos /ﬁ ST LLRPS ] el
2k VY m mk 3k J 16k

Ex. A very light rod of length ® pivoted at O is connected with two springs of

a3
o)

e

—_
()

stiffness k, & k, at a distance of a & | from the pivot respectively. A block
of mass m attached with the spring k, is kept on a smooth horizontal surface.
Find the angular frequency of small oscillation of the block m.

Sol. Let the block be pulled towards right through a distance x, then x = x, + x ..(D)

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

Thus X =

F (F) 1
_2 a

eee ii) and :;B eee iii)
( Lkl (
lOI‘que aC'[lIlg on the I'Od about pOlIlt O,

D,

d-e
1, =Fa-Fl = Iod7=F'a—Fl

Since the rod is very light its moment of inertia

1
I, about O is approximately equal to zero = F'=F (;] .(iv)

F(1)
Using (iii) & (iv) = x,, = k_(_] (V)

1

F(1)y F
USing (i)7 (ii) & (V) => X = E(;} + E

As force F is opposite to displacement x, then
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Sol.

Sol.

A vertical U-tube of uniform cross-section contains water upto a height of 30 cm. Show that if the water on
one side is depressed and then released, its motion up and down the two sides of the tube is simple harmonic.
Calculate its period.

Figure shows a U-tube of uniform cross-sectional area A. Let the liquid be depressed through the distance
y in a limb, the difference of levels between two limbs will be 2 y as shown in figure.

-
3 |
ow
| g
2y
i i

30cm

¢

The liquid now oscillates about the initial positions.

Excess pressure on whole liquid = (excess height of the liquid column) (density) (g)
=2y x 1 x g (as density of water =1)

Restoring Force on the liquid = Pressure x area of cross-section = 2ygA

Due to this force the liquid accelerates and if its acceleration is a, we have ma = -2ygA
= 2x30xA)a=-2ygA = a=- %y

Hence acceleration is directly proportional to displacement, so the motion is simple harmonic motion. Thus

the time period T is given by

2n 30 [30]{ fg}
T=—=20 | —| =2 — | as 0=,|]— | =
. \/[ g] “\/ 980 30 1.098 second

Calculate the period of small oscillations of a floating box as shown in figure,

which was slightly pushed down in vertical direction. The mass of box is
m, area of its base is A and the density of liquid is p. The resistance of the
liquid is assumed to be negligible.

Initially when box is floating in liquid, if its h depth is sumerged in liquid then ]h

buoyancy force on it is xI

F, = weight of liquid displaced = Ahrg

As the box is in equilibrium, we have Ahpg = mg

Now if box is further pushed down by a distance x, net restoring force on it in upward (toward mean position)
direction is

F, = — [A(htx)pg-mg] = —Axpg [as mg = Ahpg]

If a is the acceleration of box in upward direction we have a = —(ﬁj X

m
. . . _ |Apg
Equation shows that the box executes SHM with angular frequency ® given as ® = o
i J ; oy . 27 m
Thus time period of its oscillation can be given as T=""=2x [—
a Apg
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SUPERPOSITION OF TWO SHM's

Case - I In same direction and of same frequency
X, = A, sin ot
x, = A, sin (ot + 0), then resultant displacement
X=X, TXx,=A sin ot + A, sin (ot +0) = A sin (ot + ¢)

.. 4| A,sind
where \/Alz + A +24,4, cos ¢ & $=tan [Al + 4, cos 0}
If 0 = 0, both SHM's are in phase and A = A + A,
If 0 = ¢, both SHM's are out of phase and A = [A| — A)]

The resultant amplitude due to superposition of two or more than two SHM's of this case can also be found
by phasor diagram also.

Case -II In same direction but are of different frequencies
X, = A, sin ot
x, = A, sin ot
then resultant displacement x = x, + x, = A, sin ot + A sin ot
the resultant motion is not SHM.

Case - III In two perpendicular directions
X = A sin ot = y = B sin (ot + 0)
then resultant displacement x = x, + x, = A, sin ot + A sin ot
the resultant motion is not SHM.
If 0 =0 or mtheny =+ (B/A) x

. T .
If o :E then X = A sin ot

y = B sin (ot + /2) = B cos wt
2 2
So, resultant will be —+===1 i.e. equation of an ellipse and if A = B, superposition will be an equation of
A* B

circle.

Superposition of SHM's along the same direction (using phasor diagram)

If two or more SHM's are along the same line, their resultant can be obtained by vector addition by making
phasor diagram. In this method

1.  Amplitude of SHM is taken as length (magnitude) of vector.

2. Please difference between the vectors is taken as the angle between these vectors. The magnitude of resultant
vector gives phase constant of resultant SHM.

For example :
X, =A sinot = X, = A, sin (ot + 0)

If equation of resultant SHM is taken as x = A sin (ot+¢)

A=A +24,4, cosO

A sinf
A + A4, cos0

tan ¢ =
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Sol.

Sol.

Given: X = 3 sin ot
x, = 4 cos ot
Find (i) amplitude of resultant SHM (ii) equation of the resultant SHM.
First write all SHM's in terms of sine functions with positive amplitude.
X, = 3 sin ot

X, = 4 sin (ot + 1/2)

A:\/32+42+2><3x4cos§ ~J9116=+25=5

. T
4sin —
tan g =

=53°
3+4cos§ o

equation x =5 sin (ot + 53°)
Given x, = 5 sin (ot + 30°)
x, = 10 cos (wt)

Find amplitude of resultant SHM.
x, = 5 sin (ot + 30°) 60°

X, = IOSin[a)t +£j
2

Phasor diagram

A=+5+10% +2x5x10c0s60° =+25+100+50 =/175 = 5/7
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@

(b)

©

@

©

Periodic Motion

Any motion which repeats itself after regular interval of time (i.e. time period) is called periodic motion or harmonic
motion.

Ex. (a) Motion of planets around the sun.
(b) Motion of the pendulum of wall clock.

Oscillatory Motion

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

The fixed point about which the body oscillates is called mean position or equilibrium position.
Ex. (a) Vibration of the wire of ‘Sitar’

(b) Oscillation of the mass suspended from spring.

Simple Harmonic Motion (S.H.M.)

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

Some Basic Terms in SHM
Mean Position

The point at which the restoring force on the particle is zero and potential energy is minimum, is known as its mean
position.

Restoring Force

The force acting on the particle which tends to bring the particle towards its means position, is known as its mean
position.

Restoring force always acts in a direction opposite to that of displacement.

Displacement is measured from the mean position.

Amplitude

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

Time Period (T)
The maximum time after which the particle keeps on repeating its motion is known as time period.
The smallest time taken to complete one oscillation or vibration is also defined as time period.

2n
Itis givenby T = o ~ where o is angular frequency and n is frequency.

One oscillation or One vibration

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

one. one
«-- oscillation .----» «-- oscillation ----»

AWAN
\/ Vi

T T

displacement (x) —»
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10.

11.

12.

14.

15.

16.

17.

Frequency (n or f)

The number of oscillations per second is defined as frequency.

Itis eiven b 1o
tis givenbyn = T o

Phase

Phase of a vibrating particle at any instant is the state of the vibrating particle regarding its displacement and

direction of vibration at that particular instant.

In the equation x = A sin(wt + ¢), (ot + ¢) is the phase of the particle.
The phase angle at time t = 0 is known as initial phase or epoch.

The difference of total phase angles of two particles executing SHM with respect to the mean position is known as

phase difference.

Two vibrating particles are said to be in same phase if the phase difference between them is an even multiple of 7,

ie. Ap=2nmtwheren=0, 1,2,3

Two vibrating particle are said to be in opposite phase if the phase difference between them is an odd multiple of T,

ie. Ap=(2n+ 1)nwheren=0, 1,2, 3.....

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

k
angular frequency ® =,|—
m

2

a?

For linear SHM (F c—x) :F=m —kx=-mae’x

d’e
For angular SHM (tc-0): T :? =la=-k0=-mw’0
Displacement x =Asin (ot + ¢)

Angular displacement 0= 0 sin(wt+ ¢)
Velocity v= % = Aocos(ot+¢)=woVA® —x’

do
Angular velodity I 8, ocos(wt+0)

2
Acceleration a= F =—Aw’sin (ot + ) =— @’x
2

Angular acceleration e =-6,0’ Sin((x)t + 4)) =-0’0

1 1
Kinetic energy K= Emv2 = Emo)zA2 cos’ (wt+¢)

1 1 .
Potential energy U= EkX2 = Emo)zA2 sin’ (ot +¢)

N k
where ®™ =,/—
m
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18.

Note :

19.

20.

21.

1 2 A2
Total energy E=K+ U= Emm A” = constant

)
TEA % KAZ TE % k A2 ¥~| — K axOF Umaxor E,

displacement time ',""' \/ \"'\ \/ "‘-\.\P-E-
(@ Total energy of a particle in S.H.M. is same at all instant and at all displacement.
(V)] Total energy depends upon mass, amplitude and frequency of vibration of particle executing S.H.M.
Average energy SHM
&) The time average of P.E. and K.E. over one cycle is

1 1 1

(A)<K> = ZkA2 (B) <PE> = 1 kA? (O)<TE>= 5 kA*+U,

) The position average of P.E. and K.E. betweenx=—Atox=A
1 1 1

(A)<K> = 3 kA? (B)<PE> = u, + 5 kA? (O)<TE> = EkA2 +U,

Differential equation of SHM
d’x d’e
Linear SHM : i +0’x=0 Angular SHM : ¥+ ®’0=0
Spring block system
k- m T=2n %
k TTUTRRRU VT TTTTTRRRRTTTTT
‘ _| m,m
m m, T= 271\/E where m=reduced mass= ——
TUTRRATRRRVTTTTTTTTTIRTRRRRRRRRIT k m, +m,

When spring mass is not negligible : k
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22. Series combination ol springs
Lttt r
where k, k k Kk
23.
m
T=2m E wherek =k +k +k,
24. Time period of simple pendulum
L
Time period T = 27 g
. . b1 [ 9 L
Time period T= {®—2sin" | — [¢ [—
0, g
If length of simple pendulum is comparable to the radius of the earth R, then T =2=
. 1 .. R .
@) If®<<RthenT=2m |— (i) If ®>>RthenT=T =21, |— = 84 minutes
g g
25. Second pendulum
Time period = 2 second Length ~ 1 meter (on earth’s surface)
26. Time period of Physical pendulum

k2
[1 1M
T=2n =2mn wherel =mk?
mgl g cm

Z
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27. Time period of Conical pendulum

28. Time period of Torsional pendulum 2n\/%

where k = torsional constant of the wire
| = moment of inertia of the body about the vertical axis

29. SHM of a particle in a tunnel inside the earth

30. In accelerating cage

gCﬂ‘:g—‘ra geff:g_a gcﬂ‘: g +a

l T=2n l T=2n

T=2n 2
g+a g—a (g +a

31. SHM of gas-piston system

Here elastic force is developed due to bulk elasticity of the gas

2
B= . N F:BA X = T=2n ZL
AV/V v, BA’/V,
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32.

w
w

W W
A o

37.

38.

39.

SHM of Floating Body
Restoring force — Thrust |:| Ih
mg— P Agh — Equilibrium P

Restoring force F =—( p Ag)x

T=21t\/E
g

SHM in U-tube

T=21t\/E
h g

N

SHM is the projection of uniform circular motion along one of the diameter of the circle.

The periodic time of a hard spring is less as compared to that of a soft spring because the spring constant is
large for hard spring.

For a system executing SHM, the mechanical energy remains constant.

Maximum kinetic energy of a particle in SHM may be greater then mechanical energy as potential energy of a
system may be negative

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

Spring cut into two parts

kl_’klkzl

2

Here —=

L _m
, I

m n
L =[m+njl,12 =(m+njl But kl =k,1, =k,1,
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