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Josefina Garćıa Dı́az, who always encourage me to pursuit greater things in life and who
also did not allow me to drop off school when I tried to. To my sisters and brother; Nelly,
Josefina and Carlos, thank you for caring of me when we were young and for all the time we
spend together playing and doing funny things.

Thanks to my advisor Javier Diaz, for convincing me to go to work with Kirti Joshi,
my second advisor, at the University of Arizona, to both for all their support through my
master’s study. Also, I want to thank my friends, Israel Garćıa Lara who helped me on
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Abstract

It was on 1972, that Jean-Pierre Serre with his article “Propriétés galoisiennes des points
d’ordre fini des courbes elliptiques” proved that for an elliptic curve without complex multi-
plication, there is only a finite number of prime numbers such that the Galois representation
associated to an elliptic curve module a prime is not surjective; if we consider working with
a semistable elliptic curve, there are certain conditions to figure if the representation of this
curve is not surjective, therefore, it simplifies its analysis from a computational point of
view. The multiplication of the prime numbers that don’t have a surjective representation is
named as ”Serre’s Constant”. Serre’s proposition had an issue: there are an infinite amount
of prime numbers and so, an infinite number of cases that could be studied on a computa-
tional matter. Six years later on 1978, Barry Mazur proved through the association of Galois
representation to a semistable elliptic curve module a prime, that for every prime equal or
higher than eleven, this representation is surjective; this leaves only four possible prime num-
bers that could have none surjective representations. It wasn’t until 1994 that Andrew Wiles
proved the last Fermat theorem using semistable elliptic curves with Galois representations
associated to this elliptic curves; particularly speaking, he used the representations for the
primes three and five.

Considering the previous explanation, we wonder: is it possible to get a result that shows
when the Galois representation associated to a semistable elliptic curve module a prime is
not surjective? The answer of this interrogative is the work contained in this thesis.

This thesis contains a series of studies of Galois representations associated with semistable
elliptic curves and rational numbers. This followed two paths: practical and theorical.
Working with the results that were given by Serre, a program was generated, using free
software “Software for Algebra and Geometry Experimentation (Sage)” c©, from where four
conjectures were generated, three of them were successfully proved and are showed here as
theorems. The first one of this theorems gives us Serre’s constant independence on isogenous
semistable elliptic curves; the second one gives us the only possible values of Serre’s constant
and finally, the third theorem explains how to reach this values.

At the end, this thesis closes the study of Galois representation associated to semistable
elliptic curves module a prime.
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