Math. Proc. Camb. Phil. Soc. (2010), 148, 363  (© Cambridge Philosophical Society 2009 363
doi:10.1017/S0305004109990193
First published online 12 November 2009

Limit cycles of the generalized polynomial Liénard differential equations

BY JAUME LLIBRE

Departament de Matemtiques, Universitat Autnoma de Barcelona,
08193 Bellaterra, Barcelona, Catalonia, Spain.
e-mail: j11ibre@mat.uab.cat

AND ANA CRISTINA MEREU, MARCO ANTONIO TEIXEIRA

Departamento de Matemtica, Universidade Estadual de Campinas,
Caixa Postal 6065, 13083-970, Campinas, S.P, Brazil.
e-mail: anameren@ime.unicamp.br, teixeira@ime.unicamp.br

(Received 14 January 2009)

Abstract

We apply the averaging theory of first, second and third order to the class of generalized
polynomial Liénard differential equations. Our main result shows that for any n, m > 1 there
are differential equations of the form X 4+ f(x)x + g(x) = 0, with f and g polynomials of
degree n and m respectively, having at least [(n + m — 1)/2] limit cycles, where [-] denotes
the integer part function.

1. Introduction

The second part of the Hilbert’s problem is related with the least upper bound on the
number of limit cycles of polynomial vector fields having a fixed degree. The generalized
polynomial Liénard differential equation

X+ fo)x+gkx) =0, (1-1)

was introduced in [12]. Here the dot denotes differentiation with respect to the time ¢, and
f(x) and g(x) are polynomials in the variable x of degrees n and m respectively. For this
subclass of polynomial vector fields we have a simplified version of Hilbert’s problem, see
[13] and [22].

In 1977 Lins, de Melo and Pugh [13] studied the classical polynomial Liénard differential
equation (1-1), obtained when g(x) = x, and stated the following conjecture: if f(x) has
degree n > 1 and g(x) =x, then (1-1) has at most [n/2] limit cycles. They also proved
the conjecture for n =1, 2. The conjecture for n € {3, 4, 5} is still open. For n > 6 this
conjecture is not true as it has been proved recently by Dumortier, Panazzolo and Roussarie
in [5].

We note that a classical polynomial Liénard differential equation has a unique singular
point. However it is possible for generalized polynomial Liénard differential equations to
have more than one singular point.

Many of the results on the limit cycles of polynomial differential systems have been ob-
tained by considering limit cycles which bifurcate from a single degenerate singular point,



