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Introduction:

Periodic motion : A motion that repeats itself at regular intervals of time is called periodic motion.

Oscillations or vibrations : When a's mall displacement is given to a body at rest position (i.e. its mean
position) then a force will come into play and tries to bring back the body to its rest position or
equilibrium position by executing to and fro motion about mean position. These are called vibrations

or oscillations.

Time period (T) : In periodic motion the smallest time interval after which the motionis repeated is called

its time period.

1) During time period 'T' a body will execute one complete oscillation or one complete vibration
about mean position.
2) Total angular displacement during time period is 2 7 radians or 360°.
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Periodic and Oscillatory motions:

The motion which repeats at regular intervals of time is called

periodic motion.
The periodic motion in which a body moves to and fro about a

fixed point is called ‘Oscillatory Motion’.

All periodic motions need not be oscillatory but all oscillatory
motions are periodic.



Examples of oscillatory motion which are periodic:

Swinging pendulum in a clock.

Motion of a needle in a sewing machine.
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Vibration of string in a guitar.
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Examples of periodic motion which are not oscillatory:

Uniform circular motion.
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Oscillatory motion but not periodic:




S.H.M

SIMPLE HARMONIC MOTION
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SIMPLE HARMONIC MOTION:

“A body is said to be in simple harmonic
motion, if it moves to and fro along a straight line, B
about its mean position such that, at any point its
acceleration is directly proportional to its
displacement in magnitude but opposite in
direction and is directed always towards the mean

f;“_h point of suspension

position.”
A C
If “‘a’ is the acceleration of the body at any given O _______ CB) _______ O
displacement ‘y’ from the mean position, then for >
the body to be in SHM,

ao—y or a=-ky where ‘k’ is a constant of proportionality and
(-) sign indicates that ‘a’ and ‘y’ are always
opposite directions.



CONDITIONS FOR SHM

)
b)

c)

d)

motion of the particle must be periodic

particle must move to and fro about a fixed point
called mean position.

acceleration of the particle must be directly
proportional to the displacement from mean
position.

acceleration of the particle must always be
directed towards the mean position,

acceleration ofthe particle and its displacement
must always be opposite to each other in
direction.

There are two types of simple harmonic motion

(a2) Linear simple harmonic motion

i)  Oscillations of a liquid column in a U — tube.
i) Oscillations of a swing with small amplitude
iii) Oscillations of a loaded spring

b) Angular simple harmonic motion
1) oscillations of a balance wheel m a watch
i) oscillations of a torsional pendulum

i) oscillations of a freely suspended magnet i a
uniform magnetic field.



_
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EXPLANATION OF SIMPLE HARMONIC
MOTION BY THE REFERENCE CIRCLE

o on
M O="5p

ON=(OP)sin 6

(or) y=Asin®




CHARACTERISTICS
OF
SHM
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Characteristics of SHM:

Displacement:

“The shortest distance between mean position
and position of a particle at any mstant 1s called
displacement of the particle in SHM”. It is always
measured from mean position and is directed away
from mean position.

y = Asinwt

When particle is at mean positionY . =0

When particle is at extreme position Y __=A
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Amplitude:

The maximum displacement of the particle
executing SHM on cither side of the mean position
is known as the ‘Amplitude’ of SHM.

Ampltude=vy__ =A



Velocity:

“The rate of change of displacement is called
velocity”.

The velocity of a particle in SHM is given by

¥

Ve

d ]
v dt( gin @t)

v=Awmcoswot|--—- (1)

= V= A(ﬂ\/l—ﬁi.‘ﬂz ot

v y=Asinot

YI
=>v=AD I—E

~V=aJA?-y*|...@)

Maximum Velocity:

When particle 1s at the mean position
(v = 0) velocity becomes maximum

V. =ovA? -0

V__ =A®

When particle is at the extreme position
(y= A), velocity becomes minimum.

V.. =0vAZ-A’

V. =0




Acceleration:

“The rate of change of velocity of a particle
with time is called acceleration”

At mean position (y = 0), acceleration of the

dv. d v x w o B

a=—=—[Am cnsmt] particle is minimum a__ =0
dt dt

At extreme position (y=A), acceleration of the

= Ao [-sinot] © parbicie:is |

a=—m Asinot| «ue (1) a=—m"A




Graphs: y-t, v—-t, a—t Graphs

(i) Displacement - Time curve

d
& ™ //— T V= Aweoswt

0 T/4 3T/4

a T (ii) Velocity - Time curve

i Ti4 /\T a=- A’ ginwt
\{wyTﬂ IT/4

{i11) Acceleration - Time curve




S.No.|Displacement | Velocity |Acceleration
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5. | yTAGMEm | o nin) | &= -Aw? (ma)

position)




Time period:

2
w

From a =@’y

T=2m displacement

acceleration

“The time taken by a particle in SHM to
complete one oscillation (to and fro motion) about
mean position is called time period of SHM™.

B O %
& &
extreme mean extreme

position position position

Time taken to go from O to A, then to B and
then back to O again is one tmme period.



Frequency:
“The number of oscillations completed by a

particle in SHM in one¢ second is called
frequency™.

1
n=_
T

1 ‘j;
ﬂ=_ m—
2n Ny

_ 1 jdisplacement

Il=

1
T  2x Y acceleration

2m

o | e
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Foc - X
F = - kx
. F Kx
Acceleration a=— =— m_....-,}
m m |
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T = 90t \/dlsplacem.ent e \/E iy
acceleration a a K

. Time period of loaded spring T=2n \/:_rg_



TOTAL ENERGY
OF
SHO
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Expression for the Kinetic energy of SHO:

1 5
B o= =
K > myv
, : dx
Velocity at any instant, v = r A cos ot
1
IR = % mv” = 5 mA%w? cos’wt But cos® ot = (1 - sin“wt)
1 - : .
- KE = 3 m A% w? (1 - sinot )
1 =
- - mA%0? [1-2_ | o1 me?[AZ-%)
2 A2 2
, . -
. KE = E ]']'](1)2 [ A2 - x2 ] WWW.PHYSICSPOWER.COM



At mean position velocity is maximum and displacement x = 0

. KE . o= -1- mA%w?

max 2

At extreme position (X=A), KE ofthe particle
is minimum which i8 given by |KE . = 0],




Expression for the Potential Energy of SHO :
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Equation of a body in S.H.M is given by, x = A sin ot -
L . | |
| __ l Ol x - |
For a body in S.H.M acceleration, a = - w%Y -A Ok x¥ A

Force, F = ma = - mo°x

. Restoring force, F = mw°x
Wbrk done to move the body, dW = F - dx = P.E. in the body.

.. PE = mo’x - dx

X |
Total work done, W = J‘ dW = _fmmzx - dx
0



x .
Total work done, W = J‘dW = J‘mﬁ)zx - dx WWW.PHYSICSPOWER.COM
0

2 2
work done, W = mu)2 X
This work is stored as potential energy.
. . 1 9 2 1.
~.. P.E at any point = b mox" = -é-k X
J 252 2
PE = 5 Mo A”sin“ot



At Extreme position (y__ = A), P.E. of the
particle becomes maximum which is given by
1

PE__=—mw A’
2

At mean position (y__ = 0) P.E. ofthe particle
becomes mmmmum which 1s given by

|PE,,;, = 0]




Total Energy of SHO:
5Y K.E=%mm2[A2—x2]
T E= PE+ KE
1
1 1 K.E = — mA®0? cos’ot
T.E = EMWZAE Sil'lef+Emszz cos” wt 2
| 1 2.2
PE = — mox
T.E=%mw2A2 2
PE = '}2‘ mszzsinzmt

TE= %mwzyE+ %W(Az- ¥)

1 1 1
= =—mw'y + —mw' 4’ - —mw’y’
T.E > y > 5 y

1 . From the above equations we can conclude that
TE=—mw'A the total energy of simple harmonic oscillator is
constant and it is independent of time and position.



Variation of PE AND KE with position:

4 PE or KE or TE

PE(max) KE[(max)  PE(max)




Energy is conserved

Time . . | Accel- | pp_1 ol -
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TIME PERIOD
OF
SIMPLE PENDULUM
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Time period of simple pendulum:

The component mg sin 0 is responsible for the to and fro motion of the bob.

The component mg cos 6 will balance the tension in the string.
Force useful for motion F = mg sin 6 = ma

a=g¢gsino
When 0 is small sin0 =0 = ar'c =
radius [
X
A=GT (1)

'\ Tension
| \

B
0. X
we et
mg sin 0 \ H
\|.~” Mg cosd
G mg.
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. . Y
Time period of a-body in S.HM = ZR\/;

_ o \F:lnlsplacement

acceleration:

From equation (1) a = %x

displacement (y)

x —
a acceleration (a

. Time period of simple pendulum, T = Zn\/: = 21 \['

Seconds pendulum :
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A pendulum whose time period is 2 seconds is called seconds pendulum.



DIFFERENTIAL
EQUATION OF SHM
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Differential equation of SHM:

— — .(12& | 1 |
F=ma= T3 y. Ok x5
F=-kx
d*x
m—- = - kx
dt*
d*x
m—; + kx =0
dt’

This is the second order differential equation of SHO
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D.H.O

Damped Harmonic
Oscillator

WWW.PHYSICSPOWER.COM



DHO (Damped Harmonic Oscillator):

Damped oscillations : In damped oscillations the energy of the system is dissipated continuously. When
damping is very small the oscillations will remain approximately periodic. |

Eg : Oscillations of simple pendulum.
WWW.PHYSICSPOWER.COM

Damping force depends on nature of medium.

Damping force f, = - bv where b is a constant

Periodic motion of damped oscillation can be represented by

The angular frequency of damped oscillation ' = \/ : - b

m 4m?



F.H.O

Forced Harmonic
Oscillator

WWW.PHYSICSPOWER.COM



FHO (Forced Harmonic Oscillator):

Free oscillations : When a system is displaced from its equilibrium position and allowed free to oscillate
then osciflations made by the body are known as free oscillations.

Frequency of vibration is known as natural frequency of that body.

Forced or driven oscillations : If a body is made to oscillate under the influence of an external periodic
force (say w,) then those oscillations are called forced oscillations.

The external frequency o, is called driven frequency.

In case of forced vibrations the amplitude of vibrating body (A) is a function of driven frequency o,

A= E

[m2 (o)2 -0’ )2 + mzobz]

%2



A= F,

[m2 (a)" -0, )2 + mzobz]

%2

When driving frequency o, is far away from natural frequency o then

F

0

m(wz—mf,)

amplitude of vibrating body A =

When driving frequency o, is close to natural frequency o then

amplitude of vibration A = Fob
o

0
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Resonance : The phenomenon of increase in amplitude of vibrating body when driving force frequency

‘o, is equal to or very close to natural frequency 'o ' of the oscillator is called resonance.

Note : When driving frequency is very close to natural frequency of vibrating body then also resonance
will occur. Due to this reason damage to building is caused in earthquake effected area.




Time period of simple pendulum, T = 27t\/Y = 2% -;-
a
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