
Accepted Manuscript

Construction algorithms for rational cubic surfaces

Jon González-Sánchez, Irene Polo-Blanco

PII: S0747-7171(16)00019-5
DOI: http://dx.doi.org/10.1016/j.jsc.2016.02.010
Reference: YJSCO 1667

To appear in: Journal of Symbolic Computation

Received date: 23 September 2015
Accepted date: 8 February 2016

Please cite this article in press as: González-Sánchez, J., Polo-Blanco, I. Construction algorithms for rational cubic surfaces. J. Symb.
Comput. (2016), http://dx.doi.org/10.1016/j.jsc.2016.02.010

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jsc.2016.02.010


Construction algorithms for rational cubic surfaces

Jon González-Sánchez∗†and Irene Polo-Blanco‡§

Abstract

By a criterion of Swinnerton–Dyer it is known that a smooth cubic surface S defined
over Q is birationally trivial over Q if and only if S(Q) �= ∅ and S contains a Gal(Q,Q)-
stable set of 2, 3 or 6 skew lines. In this text we describe birationally trivial smooth cubic
surfaces over Q and provide algorithms to construct explicit cubic surfaces for each of the
cases in Swinnerton–Dyer’s criterion.

Introduction

Recent studies focus on the implementation of algorithms to parametrize algebraic surfaces ([5],
[6], [7] and [8]). Some of them provide explicit algorithms for the parametrization of real cubic
surfaces (compare [19], [1] and [16]). We recall that a cubic surface S is the vanishing set of a
homogeneous polynomial f of degree 3 in P3, i.e.,

S = {(x : y : z : t) ∈ P3 | f(x : y : z : w) = 0}.

By a classical result of Clebsch [4] we know that a smooth cubic surface over the complex num-
bers is birationally trivial over C. Even more, it admits a parametrization by cubic polynomials
over C (see[4] or [9, Corollay 4.7 and Remarks 4.7.2]). If S is a smooth cubic surface defined
over the real numbers, then S is birationally trivial over R if and only if the real locus of S
is connected or, equivalently, if and only if S contains two disjoint real lines or two disjoint
complex conjugate lines (compare [20], [11], [10] and [15]).

Concerning smooth cubic surfaces defined over the field of the rational numbers a criterion
by Swinnerton–Dyer states that a smooth cubic surface S over Q is birationally trivial over
Q if and only if the surface contains a Gal(Q,Q)–stable set of 2, 3 or 6 skew lines and S has
points defined over Q (see [21]).
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