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This paper proves the uniqueness of limit cycles for sewing planar piecewise linear 
systems with two zones separated by a straight line, Σ, and only one Σ-singularity 
of monodromic type. The proofs are based in an extension of Rolle’s Theorem for 
dynamical systems on the plane.
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1. Introduction and main results

Usually the models used in many problems related to engineering, biology, control theory, design of 
electric circuits, mechanical systems, economics science, and medicine are differential systems that are 
neither analytic, nor differentiable. A good tool to describe the dynamics of these models is the study of 
piecewise differential systems. See [1,8] for a wide selection of models and real applications. Typically this 
class of systems is obtained using two or more linear vector fields that are defined on different regions 
separated by discontinuity boundaries. In particular, a circuit having an ideal switch with state feedback 
can be modeled with a planar piecewise linear system where the discontinuity boundary is defined by a 
straight line, see Sec. 1.1.7 of [1].

Planar linear differential systems are completely understood using only linear algebra and they do not 
present isolated periodic orbits, so-called limit cycles. This is not the case for piecewise linear differential 
systems. The classification of the different phase portraits or the study of the maximum number of limit 
cycles are still open problems, even when the number of regions is small, two in our case, or the boundaries 
are straight lines. The existence of real and/or virtual singularities, connection of separatrices, isolated 
periodic orbits, . . . increase, in comparison with the linear one, the number of possible phase portraits in the 
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