QUALITATIVE THEORY OF DYNAMICAL SYSTEMS 5, 195-222 (2004)
ARTICLE NO. 80

Generalized Liénard Equations, Cyclicity and Hopf-Takens
Bifurcations

Magdalena Caubergh

Universiteit Hasselt, Campus Diepenbeek,
Agoralaan — gebouw D, 3590 Diepenbeek, Belgium.
E-mail: magdalena.caubergh@luc.ac.be

and
Jean-Pierre Francgoise

Université P.-M. Curie, Paris VI,
Laboratoire J.-L. Lions, UMR 7598 CNRS
175 Rue de Chevaleret, BC 187, 75252 Paris, France.
E-mail: jpf@math.jussieu.fr

We investigate the bifurcation of small-amplitude limit cycles in generalized
Liénard equations. We use the simplicity of the Liénard family, to illustrate the
advantages of the approach based on Bautin ideals. Essentially, this Bautin
ideal is generated by the so—called Lyapunov quantities, that are computed
for generalized Liénard equations and used to detect the presence of a Hopf—
Takens bifurcation. Furthermore, the cyclicity is computed exactly.
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1. INTRODUCTION

Computation of Lyapunov quantities is the key step for solving the sta-
bility problem of a plane system which is a perturbation of a linear focus
at the origin. Recently many contributions have been devoted to analysing
Bautin’s approach to the local Hilbert’s 16th problem. This involves alge-
braic techniques such as the Bautin ideal and bifurcation techniques such
as normal forms.

There are many interests to consider Liénard equations (see for instance
[6, 8, 7]). Furthermore, the (generalized) Liénard equation provides the
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