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CAS Tools for teaching function discontinuities
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Proving that a function is continuous at a given point using the epsilon-delta definition is a
difficult task for the student. Proving that the function is not continuous at a given point using
the negation of the delta —epsilon definition is even more difficult.

In this work, we present new tools and applets from a computer algebra system (CAS) to
enhance understanding of function discontinuities. The CAS assists the teacher at three levels
(See [11:[2]):

* enouncing the basic definition of continuity/discontinuity;
* proving properties;

* helping to solve exercises.

We analyse the usage of the CAS (Geogebra) for the understanding of the definitions of dis-
continuity and various properties and present new CAS tools, commands and templates, such
as a control rectangle for the visualisation of the definition of the continuity and discontinu-
ity ([3]). The animations based on the control rectangle help to understand the delta-epsilon
definition. We recall that Heine’s theorem states that given any sequences (x,,) converging to
a given point xy, if the sequence f(x,,) converges to f(z¢) then f is continuous at z .

Heine’s theorem is hard to use in a proof of limit continuity at a point because we need to
check the limit for any sequence. However, this definition of the limit permits to check if
the function f(x) is not continuous at x = x¢. If two convergent sequences x,, and y,, both
convergent to 2 = x, then if lim(f(x,,) is different from lim(y,) f(z) is not continuous at
x = x¢ . The Heine theorem allows to prove easily that a function is discontinuous at a point.

We address the following issues:

1. The § ¢ - definition is difficult to understand intuitively and it is far from the intuitive
understanding of the continuity and the discontinuity.



2. Moreover the § ¢ definition involves inequalities and requires algebraic knowledge in
order to solve exercises. Therefore, the proofs of limit, continuity at a point is difficult
for the student.

3. The definition of discontinuity may be taken from the J € - definition. It require to
find a value of € such that for any value of 0 ,|z — x¢| < ¢ and |f(z) — f(z0)| > €.
This definition is the negation of the § ¢ - definition of the continuity. So, the first
difficulty for the student of this definition is to formulation the negation sentence of the
continuity definition.
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