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Abstract

It is known that for smooth differential systems in the plane R? the Melnikov and
the averaging methods for studying the limit cycles produce the same results. Here
we prove that this is not the case for nonsmooth differential systems in the plane.
More precisely, we prove that the linear system X = y, y = —x, can produce at most
5 crossing limit cycles using the averaging theory of first order and also produce at
most 5 crossing limit cycles using the averaging theory of second order, when it is
perturbed by discontinuous piecewise polynomials of two pieces separated by the cubic
curve y = x>, and having in each piece a quadratic polynomial differential system.
While using the Melnikov theory up to second order these discontinuous piecewise
differential systems already produce 7 crossing limit cycles having in each piece a
linear polynomial differential system. Note that the class of the linear polynomial
differential systems is contained into the class of quadratic polynomial differential
systems.

Keywords Limit cycles - The averaging method - Discontinuous piecewise
differential systems

Mathematics Subject Classification 34C29 - 34C25 - 34A36

B Zhifei Guo
mathgzf @ 126.com

Jaume Llibre

jllibre @mat.uab.cat

School of Mathematics, Sichuan University, Chengdu, Sichuan 610064, People’s Republic of
China

Departament de Matematiques, Universitat Autonoma de Barcelona, Barcelona 08193, Bellaterra,
Catalonia, Spain

Published online: 22 August 2022 ¥ Birkhauser


http://crossmark.crossref.org/dialog/?doi=10.1007/s12346-022-00643-5&domain=pdf
http://orcid.org/0000-0002-8092-7986

