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A classical necessary condition for an ordered set of n + 1 functions F to be an 
ECT-system in a closed interval is that all the Wronskians do not vanish. With 
this condition all the elements of Span(F) have at most n zeros taking into account 
the multiplicity. Here the problem of bounding the number of zeros of Span(F) is 
considered as well as the effectiveness of the upper bound when some Wronskians 
vanish. For this case we also study the possible configurations of zeros that can be 
realized by elements of Span(F). An application to count the number of isolated 
periodic orbits for a family of nonsmooth systems is performed.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction and statement of the main results

Let F = [u0, . . . , un] be an ordered set of functions of class Cr, r ≥ n, on the closed interval [a, b]. 
We denote by Z(F) the maximum number of zeros counting multiplicity that any nontrivial function 
v ∈ Span(F) can have. Here Span(F) is the set of functions generated by liner combinations of elements 
of F , that is v(s) = a0u0(s) + a1u1(s) + · · · + anun(s) where ai, for i = 0, 1, . . . , n, are real numbers.

The theory of Chebyshev systems is a classical tool to study the quantity Z(F). In this theory, when 
Z(F) ≤ n, the set F is called an extended Chebyshev system or ET-system on [a, b], see [7]. When the 
functions in F are linearly independent there always exists an element in Span(F) with n zeros, see [11]. 
From this property Z(F) = n for an ET-system, but in general we can not assure if they are simple or not. 
This problem will be addressed later. In [6], when Z(F) ≤ n +k, the set F is called an extended Chebyshev 
system with accuracy k on [a, b]. From this definition it is natural to consider the lowest possible k. Therefore 
there exists an element in Span(F) with n + k zeros and, consequently, Z(F) = n + k. Indeed, this is the 
definition used in [4] and it is the one that we shall use throughout the present work. In concrete problems 
this is not a useful definition in order to get if F is an ET-system, with accuracy or not.
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