chapter 14
Oscillations

14.1 INTRODUCTION -

. The motion of a car on a level road is
rectilinear (one dimensional) and the mo-
tion of a projectile is curvilinear (two di-

'~ mensional). But both these are non repeti-
tive motions. Now consider uniform circu-
lar motion or motion of planets around a
star. These are examples of periodic mo-
tion. You may consider yet another type of
motion - motion of pendulum of a clock, rock-
ing of a cradle, motion of a swing, motion of
air particles during the propagation of sound
‘wave through air, motion of excited string
of a violin etc. These are also periodic mo-
tions and are particularly known as oscil-
latory motion or sometimes vibrational mo-
tion. A study of the subject physics never
can go deep without understanding oscil-

latory or vibrational motion..

14.2 PeERIODIC AND OSCILLATORY
MOTIONS

A fly climbs inside a glass vessel. As it
‘reaches the top, it falls quickly down. It then
repeats the same. The displacement-time
graph (approximate) is as shown, fig.- 1(a).

- A smart boy walks along a training
ground which has evenly made steps of



2 m width and 20 cm height. The
height versus time graph will be as
shown in fig.1(b) (assuming uniform
motion, negligible time of ascent or
descent) ‘

An acrobat throws two balls to a
certain height repeatedly. The posi-

tion-time graph of any ball would look

like the graph shown in fig.1(c).
All the above said examples
show periodic (repeated) motion.

-‘Let us take another example. A
small steel ball is placed in a watch

glass. It is displaced a few  cm side--
ways and left. The ball makes to and
fro motion periodically. At the turning

oints force is maximum (Is it not in-
\fercsting?). The force on the ball tries
to bring it always back to equilibrium.
The resulting motion is oscillatory or
vibratory. '

i. Motion of earth or planets around sun.
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e.g. of oscillatory or vibrational motion

ii. Motion of moon around earth_.
111. M‘otiqn of the ;hands of a clock.

Fig. I(c)
Examples of periodic motion



of earth about its polar axis

| Otation
- Jfotion of Halley's comet around the sun.
V. Motion of the bob of a simple pendulum. ‘

vll Heart peat of a healthy person.
:211 of atoms in a molecule.
Eve

osciuatory. h lose 1 ‘ .
b et us now have a clos¢ ook on the motiens called oscillations and vibra-

A periodic motion.with small frequency (like the oscillations of a pranch
ﬁoz e under preeze) is called oscillation while the one with high frequency
ol e yibrations of an excited string of a violin) is called vibrations.

ke : S .
1 " gimple harmonic motion is the simplest type of oscillatory of vibratory

yibrations
oscillatory motion is periodic, but every periodic motion need not

otio™

e.8 :

i. Oscillations of a mass suspended from a spring.

ii. The motion of the pendulum of a wall clock.

;ii. Motion of a freely suspended bar ‘magnet.

iv. vibration of the prongs of an excited tuning fork.

¢, Vibration of an atom in a molecule.

vi. The-motion of liquid contained in U- tube when it 1s compresscd once

in one limb and left to itself.

yii. Vibrations of the wire of a guitar. :

An oscillating simple pendulum, a ball rolling on a smooth concave curved
surface etc. all come to rest after some oscillations. This is because of the

ality. Hence such motions (i.e., except for

existence of dissipative force, in re
ideal case) are actually called damped periodic motions. It may be noted that
iodic motions under the action of

these motions carn be made again regular peri
an impressed periodic force. The resulting motion is then called forced peri-

odic motion.
If a number of peri
them oscillate in a beauti

14.2.1 Period and Frequency

-~

d by an elastic force, all of

odic oscillations are couple
e to a wave pattern.

ful pattern which gives TiS

Time - Period (T) .

lest interval of time after which the periodic motion of a body repeats

It is the smal
itself.
Unit : second (s) _

If a particle andergoes 1 oscillations in a time 4’ second, then its time -

iod. T Time T= t
erlo = . . ]
PE ’ Number of oscillations n

4

Frequency (V ) L
tions (of @ periodic motion) per second is.called frequen
; . ‘ cy

The number of repeti



of the periodic motion.

Unit: sccond~' or Hertz (Hz) or cycles per s¢

cond (c.p.s).
|

The relation between v and T is V=T
Solved Examples
1. v 2, On an average a human heart i
| | found to beat 75 times jp a
i | m : minute. Calculate its frequ(,ncy
| n.il 0x 03 A4 05 ()\ 0.7 1 (5) and period.
S = \; | ) _Sol. The beat frequency of heart
Find (i) the period and (ii) fre- ¥ 75/(L mam)
quency for the periodic motion = 75/(60 s) = 1.25 s
whose graph is shown above. = 1.25 Hz
Sol. From figure i. T=0.4 s The time period T = 1/(1.25 )
ii. v== = - = 2.5 Hz ' =0.8s:
_ T 04 -
Displacément

In an oscillatory motion any measurable physical quantity OT property
which varies with time is called a displacement variable. Its value at any in-
stant is called displacement. In mechanics, displacement is the change of
position of a body with time in a specified direction. But, oscillatory motion
takes place not only in mechanics but also in sound, electricity and magne-
tism. So displacement may be in.physical quantities like position, angle, volt-
age, pressure, electric and magnetic fields etc. -
e.g. 1. In a simple pendulum, the displacement variable is the change in

angle with respect to the vertical.

The displacement of periodic motion can be represented by a periodic

function. A periodic function in time is f(t) = Acos ot . Let us increase the argu-

ment (i.c., angle 0= ot)wt to ot+2x so that t is changed to [t+32) or (t + T).
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A loaded spring. The position of oscillating

A simple pendulum.
mass is x, measured from fixed wall

Angular displacement Is K



g+ D" Acos of +2 = Acosmt since cos 2n+0=cosf. Thus the function

— iod T_'zn : £ e
) Lodic with period T={-=|  ie., A function is periodic if, f(t) = f(t + T}
'’
Lot US try with another function f(t) = Asinwot+ Bcosot

To bring this to the form. sin A cos B + cos A sin B, let us put A= Dcosd

B Dsin¢
Sl = Dsinotcos¢ + Dcosotsing = Dsinwt+¢ where D and ¢ are constants

juen by A’ =DFcos" ¢ B? =D%sin’$ sothat D?=A?+B?or D=VA%+B* andthe

] : 5 B B
odifier ¢, is given by tan¢=— so that ¢=t al __),
jrgument ¢, 18 g y tang=— so that ¢=tan”| =

According to French Mathematician Joseph Fourier (1768-1830), any pe
ction can be expressed as a combination (supérposition) -of sine

odic furn 2
an cosine functions of different time periods and with suitable coefficients.
splved Exampies
3. Which of the following functions of co{t . 2“’»)
. o writ =
" time represents (a) periodic and (b) cos2ot , We may WIlte 2
iodi i i - T,
non-periodic motion? Give the pe Ts To
riod for each case of periodic mo- or cos/t+ 2 ) where
i ;s any positive constant]. ‘
tion [ais 20¥ & } _ 2% _T and for sindot, =2
i. sinot+coswt Thzm e multiéle
e ‘- Aot e period O st 1 :
ii. sinot+cos2otHsi | of period of second or third. The -
iii. e™ | iv. log(wt) smallest interval of time after
Sol. which the given function repeats
i. sinwt+coswt is a periodic func- is T, and hence the function has
e i be written as 2
tion, it can also perad T0=—£.
x T @ ‘
ﬁsm(mt—*——&-) : iii. The function e™ 'is not periodic,
. T it decreases monotonically with
Now J2sin ot+7 increasing time and tends to
P zero as t— o and thus, never
= ﬂs'"("“*'&'“LG repeats its value.
2rn) T iv. The function log(wt) increases
J2sin| o t+— |F 7 . - :
= 4 monotonically with time t. It,
f the func- therefore, never repeats its

eriodic time€ O

~The pzﬂ . value and is a non-periodic func-
tion is — - ' tion. It may be noted that as

ii. By Fourier concepts this 1s an t —m, log(mt) diverges to «. It,
" example for periodic motion. For therefore, cannot represent any

kind of physical displacement.



