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In kinematics and dynamics we have studied about bodies in motion and have classified the different
types of motion as

1. translatory motion
2. vibratory or oscillatory motion, and

3. rotatory motion

In each of these cases we find that the bodies possess kinetic energy and this kinetic energy can be
transformed into other forms like potential energy, electrical energy, heat energy, sound energy etc.
Electrical energy can be transmitted from the generating stations through electrical conductors and
transmission of heat energy takes place by conduction, convection and radiation. To understand the
transmission of sound energy we need to direct our attention to the particular effects of vibratory
motion of particles.

Periodic Motion of Particles

Before we move on to study the nature and transmission of sound, we need to understand the different
types of vibratory or oscillatory motions.

A motion, such as that of the earth around the sun, the movement of the hands of the clock etc., is
referred to as periodic motion, since the motion of the object repeats itself at regular intervals of time.

A to-and-fro motion, such as the swinging of a pendulum, vertical oscillations of a mass suspended
from a spring etc, is referred to as harmonic motion.
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;‘A A harmonic motion in which the amplitude and time period of oscillation remain constant is

particularly referred to as simple harmonic motion (SHM). In a SHM the acceleration of the
body or particle executing the motion is directly proportional to its displacement from the mean
position and is directed towards the mean position. The total mechanical energy of the particle is
conserved.
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Graphical representation of simple harmonic motion,
its characteristics and relations

Consider a simple pendulum suspended by means of a thread from a rigid
support and allowed to vibrate in a vertical plane as shown in figure (8.1). s

‘O’ is the rest position or the mean position of the bob of the pendulum ; 3

and ‘A’ and ‘B’ are its extreme positions. If the direction of motion of S M
the bob towards ‘A’ is taken as positive, then the direction towards ‘B’ is ’ \
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negative. ’ N f

The pendulum oscillates to and fro and the time taken for one complete ;
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oscillation is known as time period (T). The magnitudes of the displacements
from mean position is maximum when the bob is at either ‘A’ or ‘B’ and this
maximum displacement of the vibrating particle from its mean position is

Figure 8.1

known as ‘amplitude’ (A).
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A graph plotted between the displacement of the
bob from its mean position and the time, is as shown | +A+4

in figure (8.2). sT
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As the time increases, displacement increases to the 4 t—

. Cns T
i maximum of ‘A’ at t =— and then the bob comes to

. T : '
mean position at t =— and so displacement is zero. It .
2 Figure 8.2

continues to move towards negative side, and when

—. the time t =%its displacement is equal to amplitude. When t = T, it comes back to mean position |
| completing one full vibration. 7.
A _, The number of vibrations the pendulum bob makes in unit time is known as frequency (n) and is ¢
o measured in hertz (Hz)
| The time period and the frequency are related as n =% .
| Here, we find that the graph is in the form of a wave that we see on the surface of water. |
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Wave Motion

When a pebble is thrown into still water circular ripples are formed which spread out in all directions
on the surface of water from the point where the stone hit the water surface. Thus, the kinetic energy
of the stone is transferred to the water and that energy is distributed to the entire water in the pond in
the form of ripples or waves. To check whether water moves along with ripples produced or not, we
can observe a floating object like a cork or a leaf placed on the surface of water. As the ripples move
in all possible directions on the surface of water from the point where the disturbance is produced,
the leaf which is floating on the surface of water vibrates up and down, but does not have lateral
translatory motion along the surface of water. We even observe that the leaf does not start vibrating
till the first ripple reaches it from the point of disturbance.This is the characteristic of the propagation
of waves.

The energy is transmitted from one point to another without actual translatory motion or transport
of the particles across the medium. Thus a “wave is a disturbance produced at a point in a medium or a
field and is transmitted to other parts of the medium or the field without the actual translatory motion
of the particles”. The transfer of energy in the form of waves is known as “wave motion”.

A pulse is a disturbance lasting for a short duration.
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Figure 8.3

A wave on the other hand is a sustained disturbance lasting for a longer duration, like waves on the
surface of water.

Figure 8.4

Before we proceed to study wave motion in greater detail let us first review the terms and physical
quantities associated with wave motion.

Crest I‘— Wave length —>|
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Figure 8.5
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Crest is the point of maximum displacement of a particle in upward direction.

Trough is the point of maximum displacement of a particle in downward direction.

Amplitude is the maximum displacement of the particles either upwards or downwards.

Wavelength (M) is the distance between any two successive crests or troughs.

Time period (T) is the time taken by a particle to complete one oscillation or vibration.

Frequency (n) is the number of oscillations or vibrations made by a particle in one second.
1

n= —

T

The S.I. unit of frequency is hertz (Hz).
1 hertz=175"

Velocity of a wave is the speed with which the wave propagates in the medium.
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v = nA
Phase

The motion of the vibrating particles and their direction is described in terms of its phase. Thus particles
in the same phase would be exactly at the same distance from their mean positions and have the same
instantaneous velocity at any given moment.

If the motion of two particles is such that their displacement, motion and velocity are dissimilar to each
other, then they are said to have phase difference. If two particles have same magnitude of displacement
from mean position and velocity but the direction of these vector quantities are opposite to each other,
then they are said to be out of phase.

Transmission of energy

Thus we see that wave motion refers to the transmission of energy from one place to another without
actual movement of the particles or entities of the medium.

Classification of waves

It is found that certain type of waves require a medium for propagation, e.g., water waves, sound waves
etc., whereas there exist waves which do not require 2 medium for their propagation, e.g., light waves.

The direction of vibration of particles differ from the direction of wave motion from one type of wave to
another. Similarly some waves move endlessly in a medium whereas some are confined between two points.

Based on these factors, waves can be classified into different types as follows:
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Fig. 7: Right hand thumb rule
(c) Ampere’s swimming rule:
Imagine a man swimming along the wire in the direction of the current (in such a way that the current enters
at his feet and leaves him at his head) facing towards a magnetic needle kept underneath the wire, then the
magnetic field produced by the wire will be in such a way that the north pole of the needle will be deflected
towards his left hand.
Left hand

Fig. 8: Ampere’s Swimming Rule

1. A current through a horizontal power line flows from east to west direction. What is the direction of
magnetic field at a point directly below it and at a point directly above it?
Ans. The current is in the east-west direction, hence applying right-hand thumb rule, we get that the magnetic
field is towards south below the wire and towards north above the wire.

NCERT Corner

1. Draw magnetic field lines around a bar magnet.

Ans. Magnetic field lines of a bar magnet run from the
North Pole to the South Pole outside the magnet

as shown in the figure.




