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BLOCK 4: HARMONIC OSCILLATIONS

In this block, you will study the oscillatory behaviour of an isolated system and wave motion.
The discussion of oscillatory motion is mainly confined to mechanical oscillators. But, the
mathematical techniques developed through these discussions apply equally well to other
types of physical systems such as electrical systems. Further, we have adopted the
familiar approach of going from easy to difficult in so far as mathematical treatment and
conceptual difficulty level of the topics is concerned. Therefore, we have first considered the
oscillations of an ideal isolated mechanical oscillator and then taken up the analysis of
superposition of two oscillations and damped oscillations. In the end, we have discussed
the formation and propagation of waves.

In Unit 16, you will study the oscillations of an idealised spring-mass system to appreciate
the basic characteristics of the simplest kind of oscillatory motion called simple harmonic
motion (SHM). You will also learn how the mathematical techniques developed for SHM
can be used to determine the energy associated with oscillatory systems.

In Unit 17, you will study the superposition principle and learn how this principle can be
used to analyse the motion of an object on which two or more harmonic oscillations act
simultaneously. You will discover that when the superposing oscillations are orthogonal to
each other, the object traces very interesting paths known as Lissajous figures.

As you know, any motion – linear or oscillatory – in the real world is always resisted,
generally by frictional forces. For example, the oscillations of a swing, left to itself, gradually
die out due to air drag. So, to appreciate the behaviour of a real oscillator, you must know
how a drag force affects its oscillatory motion. This is the subject matter of Unit 18
wherein we have not only analysed the effect of damping on the motion of an oscillator but
have also defined and obtained mathematical expressions for some parameters which are
used to characterise the extent of damping in an oscillatory system.

In Unit 19, we discuss wave motion. What is a wave? For most of us, the first image which
comes to mind when we think of waves is the wave moving across the surface of ocean,
lake or pond. However, in science, wave is a generic term which refers to propagation of
‘disturbance’ created by something oscillating or vibrating. In case of water waves, the
disturbance caused in the still water surface (say, by dropping a piece of stone) propagates
as wave. Similarly, we hear each other because our vocal cord creates disturbance in the
surrounding air and the disturbance propagates as sound waves. And, the electromagnetic
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waves are the variations or ‘disturbance’ in the electric and magnetic fields in the area
surrounding an antenna in which electrons execute oscillatory motion. The phenomena of
oscillations and waves are related and they have many common characteristics such as
amplitude, frequency and phase. The formation and propagation of waves is the subject
matter of Unit 19. You will learn how to represent waves graphically as well as
mathematically. You will also study about the phase of waves and phase difference between
them.

We hope that you enjoy studying oscillatory motion, and wish you success.






























































































































































































































































