Sharjah Indian School- Boys Wing
Notes on: ‘Osillations’ (Class:XI)
OSCILLATIONS
Periodic Motion:- A motion that repeats itself in regular intervals of time. E.g. motion of hands of a clock, satellites etc.

Simple Harmonic Motion (S.H.M):- A periodic motion is said to be simple harmonic, if the restoring force developed is directly proportional to the displacement from the mean position and is directed opposite to it. 



i.e.,    F ( -x
or F = -kx, where k is a constant called force constant.


Further, ma = -kx
or a = -(k/m)x


But a = 
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                                                                                  the differential equation for S.H.M.
The solution to the above equation is     x = A sin((t + () , 

                                                          where A- amplitude and ( - initial phase of S.H.M.
Characteristics of S.H.M.
· Amplitude (A):- It is the maximum displacement of a particle from its mean position. 
Unit: m
· Phase(():- It is the argument of the sine or cosine function in the expression for S.H.M.

Unit: radians

· Time period(T):- It is the time taken to complete one oscillation. 
Unit: seconds

· Frequency(():- It is the number of oscillations per second.
Unit: Hertz.

[Also, ( = 1/T

and 
( = 2(/T]

Expression for:

1. Displacement(x)

x = A sin((t + () -------------------(1)

2. Velocity (v) 

v = 
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 = A( cos((t + ()           --------------------(2)

            or         v = A( 
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     [Using eq(1)]


Thus, we get,

v = ( 
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3. Acceleration (a) 
      


a = 
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 = A( . -sin((t + ().(            [Using eq(2)]



i.e.
a = - (2 A sin((t + ()     or   a = -(2x ---(4)        [using eq(1)]
4. Kinetic Energy
K.E = ½ mv2  = ½ m(2 (A2-x2)   --------(5)                  [using eq(3)]   

5. Potential Energy

P.E = 
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 ½ kx2. 

But k/m = (2.

So, 
P.E = ½ m(2x2                 ---------(6)

6. Total Energy
Etot = K.E + P.E



Etot = ½ m(2 (A2-x2) + ½ m(2x2  


Etot = ½ m(2 A2

[ It shows that the kinetic and potential energies of the particle in S.H.M depend on the position, whereas, the total energy is a constant.]
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Summary

At ( = 0, 
x = A sin(t
or      x = A sin(2(/T)t
	Quantity(
	t = 0
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Graphs:

Relation between Uniform  Circular Motion and S.H.M


Consider a particle P moving in a circular 

path of radius R with uniform speed. Let the angular
position at t = 0 be ( and the projection of
the particle meet at P’, on the diameter
at the instant ‘t’.                                                                                      
From the figure,  cos(( + () = 
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x = R cos(( + ()
  But R = A, the amplitude of the motion of P’ and ( = (t.

So,       x = A cos((t + (). It shows that the projection of uniform circular motion on the diameter is in S.H.M.
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Sharjah Indian School Boys Wing

Notes on “Oscillations” (Class XI) Contd…..

Damped and undamped oscillations


Damped oscillations are periodic oscillations with gradually decreasing amplitude. It is due the presence of dissipative forces such as air resistance. If there are no dissipative forces such as friction, the body will produce oscillations of constant amplitude called un-damped oscillations.

Displacement



Displacement


           Energy


                                                  Time




 time

         time                 
              Un-damped oscillations

               
Damped oscillations

Forced oscillations

a. Free oscillations:- A body is said to execute free oscillations if it vibrates with its natural frequency. E.g. A tuning fork when set into vibrations.

b. Forced vibrations:- The oscillations produced by an oscillator under the effect of an external periodic force of frequency other than its natural frequency. E.g. A table vibrates when a vibrating tuning fork is pressed against it.

Resonance:- It is the phenomenon by which the amplitude of the driven oscillator becomes maximum when the frequency of periodic force is the same as the frequency of oscillator. This frequency at which resonance takes place is called resonant frequency (νr).

Graph below shows the variation of amplitude with frequency.

 Amplitude



The phenomenon of resonance is made use of in              

                                                             Sonometer, Resonance  column apparatus, tuning of   

                                                             musical instruments etc.

                              νr            Frequency

Solve the following:- (i) A particle executes S.H.M of amplitude A. At what displacement from the mean position, it kinetic and potential energies are equal?

(ii) A mass 1kg executes S.H.M given by      x = 6 sin (100t + (/4). Find its maximum K.E.

(iii) A S.H.M is given by y = 5 sin (20t + 0.5). Determine its amplitude, time period, angular frequency and its initial phase.
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Energy – time graph
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