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BSCPCH103 OSCILLATIONS AND WAVES

5.1 INTRODUCTION

Our discussion in the earlier units has been confined to collinear harmonic oscillations. However,
oscillations can also take place in two, or three dimensions. For example, the simple pendulum
that we studied in the earlier units can be actually visualized as a three-dimensional oscillator,
because it can swing from north to south or east to west — and it can also moves up and down
like a spring pendulum. It can execute all these motions simultaneously, so that the general
motion of the bob is a complex path in space. In addition to these swinging motions there could
also be the twisting motion around the string; the torsional motion. Taken together, the pendulum
may be subjected to four independent oscillations simultaneously, which makes our job of
analyzing the motion of the bob quite challenging!

In this unit, we will study the superposition of two mutually perpendicular harmonic oscillations
and learn how Lissajous figures can be used to describe the path of the resultant motion when
two mutually perpendicular oscillations are superposed.

5.2 OBJECTIVES

After studying this unit, you should be able to

e differentiate between independent and coupled oscillations

¢ explain what is two-dimensional SHM, with an example

e apply the principle of superposition to obtain the resultant of two mutually perpendicular
harmonic oscillations having different amplitudes but same frequencies

¢ show the equivalence of two mutually perpendicular harmonic oscillations with uniform
circular motion

e apply the principle of superposition to obtain the resultant of two mutually perpendicular
harmonic oscillations having different amplitudes and different frequencies

e describe how Lissajous figures are drawn

53 TWO MUTUALLY PERPENDICULAR HARMONIC
OSCILLATIONS

As mentioned before, a pendulum (Fig. 1) may be subjected to four independent oscillations
simultaneously.

¢ [t can swing from north to south (i.e. about the y-axis)

e [t can swing from east to west (i.e. about the x-axis)

e [t can also swing up and down like a spring pendulum (to some extent depending on the
elasticity of the string)

e And lastly, it can also exhibit a twisting motion around the string (torsional motion)
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