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The paper deals with an approximate analysis of non-linear oscillation problems with
slowly varying system parameters. From the differential equations for amplitude and phase,
set up by the method of variation of parameters, the approximate solutions are obtained
by using the generalized averaging method of Sinha and Srinivasan based on ultraspherical
polynomial expansions. The Bogoliubov-Mitropolsky results are given by a particular set
of these polynomials. Problems of a single degree of freedom system as well as mono-
frequency oscillations in systems with multiple degrees of freedom are considered. The
approach has been illustrated by an example and the results are compared with the numeri-
cal solutions. A close agreement is found.

1. INTRODUCTION

Recently Sinha and Srinivasan [1,2] introduced the idea of a generalized averaging tech-
nique for quasi-linear oscillatory systems by the use of ultraspherical polynomials. In a
manner similar to that when the approach of Krylov-Bogoliubov [3] is used, the corres-
ponding linear problem reduced to the case of an undamped simple harmonic oscillator.
Later, the method was extended by Anderson [4, 5] to include the effect of a viscous
damping term in the corresponding linear equation of motion. More recently Rangacharyulu,
Srinivasan and Dasarathy [6] and Srirangarajan and Srinivasan [7] have further extended
the method to study coupled non-linear systems and third order non-linear systems,
respectively. Srirangarajan and Srinivasan [8] have also applied the method to arbitrary
pulse excitation of second order systems. However, all these studies deal only with those
systems where the system parameters, e.g., mass, stiffness, friction coefficient, etc., remain
constant during the motion. Non-linear systems with slowly varying parameters have been
studied by Bogoliubov and Mitropolsky [9] and Mitropolsky [10]. The purpose of the
present investigation is to extend the Sinha and Srinivasan averaging method to quasi-
linear oscillation problems with slowly varying system parameters. Problems of free
oscillation and step response of systems with a single degree of freedom as well as mono-
frequency oscillations in systems with multiple degrees of freedom are considered. The
method has been illustrated through an example and the approximate analytical results
are compared with numerical solutions.

2. APPROXIMATE ANALYSIS

2.1. PROBLEMS OF SINGLE DEGREE OF FREEDOM SYSTEMS

2.1.1. Free oscillation

Many problems of non-linear oscillations of systems with a single degree of freedom and
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