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The text proposes some directions of research, as based on previous works made by the author. Our purpose is to discuss the contribution of general relativity to the epistemology of space and time, in the context of a relational, and not substantial, rationality. General relativity brings us the important idea (of a relational nature) that space and time do not constitute a scene external to phenomena, but that, on the contrary, the phenomena themselves, in the first place the phenomenon of gravitation, are responsible for assessing the corresponding variables. However, this contribution does not make us progress on the "mystery" of time, that remains conceptually separated from space, even though, since the relativity theory, the values of space and time variables are related. Encouraged by general relativity, we must go further and express more strongly the link between the concepts of space and time, and their identity of substance. The relational approach must extend to all phenomena (beyond the phenomenon of gravitation alone), and we must see time and space as defined together by the mobility / immobility relations induced by the comparison between different phenomena. This approach renews a number of questions, both on how to talk about space and time in general relativity and on the relations of this theory with other domains like quantum mechanics. But also on the conceptual loops found in the theory, and even finding a convergence with Humanities and Social Sciences (especially mesology / ecology) in the way these understand and criticize the notions of space and time as too much abstracted (disconnected from phenomena and human observers).

Résumé

Relativité générale et épistémologie de l'espace et du temps : une approche relationnelle Le texte propose des directions de recherche, basées sur les travaux antérieurs de l'auteur.

Notre propos est de discuter les apports de la relativité générale à l'épistémologie de l'espace et du temps dans le cadre d'une rationalité relationnelle et non substantielle. La relativité générale nous apporte l'idée importante, de nature relationnelle, que l'espace et le temps ne constituent pas une scène extérieure aux phénomènes, mais que, au contraire, les phénomènes eux-mêmes, au premier chef le phénomène de gravitation, sont responsables de la définition des variables correspondantes. Toutefois, cet apport ne nous fait pas progresser sur le « mystère » du temps, conceptuellement séparé de l'espace, même si, depuis la relativité restreinte, les valeurs des variables d'espace et temps sont reliées. Encouragés par la relativité générale, nous devons aller plus loin et exprimer de façon plus forte le lien entre les concepts d'espace et de temps et leur identité de substance. La démarche relationnelle doit s'étendre à l'ensemble des phénomènes (au-delà du seul phénomène de gravitation), et il faut voir le temps et l'espace définis ensemble par les relations de mobilité / immobilité induites par la comparaison entre différents phénomènes. Cette approche renouvelle un certain nombre de questions, tant sur la façon de parler de l'espace et du temps en relativité générale que sur les relations de cette théorie avec d'autres domaines comme celui de la mécanique quantique.

Mais aussi sur les récursivités conceptuelles que l'on y trouve, et jusqu'à la façon de comprendre et critiquer les notions d'espace et de temps, abstraits (coupés des phénomènes et des observateurs), en sciences humaines et sociales (en particulier en mésologie).
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The text proposes some directions of research, as based on previous works made by the author. Our purpose is to discuss the contribution of general relativity to the epistemology of space and time, as well as the extensions that can be sketched out in the framework of a relational, not substantial, functioning of rationality. This point of view sheds new light on subjects discussed by many authors (Cassirer, Schlick etc.) soon after the reception of the theory. In a first observation, Einstein and general relativity bring to us the important idea (of a relational nature) that space and time do not constitute a scene external to phenomena, and serving as a frame for their description; but that, on the contrary, the phenomena themselves (in the first place the phenomenon of gravitation), are responsible for assessing the space and time variables, that do not have an independent meaning. However, this contribution does not make us progress on the "mystery" of time that remains conceptually separated from space, with its own parameters, even though, since special theory of relativity, the values of space and time variables are interconnected.

It is necessary to prolong this result of the theory and to relate, not only the values of the variables, but the very concepts of space and time. We must then consider the concepts of time and space together. Both of these involve the same degrees of freedom of worldly elements and always work in tandem. Encouraged by general relativity, we must discuss their fundamental points using a relation-based thinking, where each is defined in contrast to the other, instead of a substance-based thinking, where each is defined by its own set of characteristics. We contrast spatial relations with temporal relations, or relative mobility with relative immobility. This is made by bringing the phenomena face to face, as it is already the object of general relativity: in this theory, only one metric (one point of view) is apparently taken, associated with a single space -time. In reality, there are indeed two coupled views, marked by the distinction between the length dl associated with the overall metric, and the small changes dx i of the coordinates. Thus dl 2 = g ii (dx i ) 2 (written here with no cross terms) implicitly opposes a situation without matter with g ii = 1 (dl and dx have the same values) to a situation where matter is present, with g ii  1 (dl and dx are different). That is to say, in its spirit, general relativity falls under the situation of opposition between phenomena (light propagation with and without matter) that we highlight (relation-based thinking).

Based on the comparison between phenomena, the boundary between space and time, i.e. between the two sets of spatial and temporal relations, is decided arbitrarily (left to free will); it is founded on the choice to attribute to a phenomenon a constant mobility, in accordance with the spatio-temporal scales that interest us or that we are able to cope with. There is a great deal of flexibility in the definitions of associated time and space parameters, but such a decision runs into logical and conceptual obstacles similar to those encountered in quantum mechanics. Given this prospect, we need to revise the concepts of both time and space. Time does not flow, it is change in relation, it is movement; space is abstracted from constant relations or constant slices of movement. The relative movements that express these relations (changing or unchanging) always take both a spatial and a temporal aspect, like two sides of the same reality (cf. Guy, 2011b).

The principles of relativity are reflected in this view. Indeed, by adopting the postulate of the constancy of the speed of light, relativity chooses a model phenomenon which combines time and space in a fundamental way: this phenomenon serves as a basis for giving practical definitions (standards) of time and space, and for measuring the velocities of the various phenomena by comparison to light. From a mathematical point of view, this is expressed in the key role given to the metric ds 2 , which is written as non-Euclidean in general relativity. This approach renews a number of questions. First, we can discuss the relationship between general relativity and quantum mechanics from the point of view of their understanding of space and time, which are different. As we said, within a relation-based thinking, we can only compare the phenomena to the other phenomena, and, from this confrontation, space-time frames arise, as drawn by the trajectories of certain phenomena arbitrarily considered in a privileged way. It is within this framework that one must think the possible connection of general relativity (which has not the monopoly of space and time) and quantum mechanics (which has not the monopoly of quantization, to be understood from the comparison of two classes of phenomena within a probabilistic approach; cf. Guy, 2016a). The general question to ask is that of possible exchanges between the different points of views, supported by the various possible phenomena, that is to say those on which space and time are defined, and the others. Space and time do not disappear, the points of views are exchanged. The exchange between two phenomena is a way of stating, as the general relativity already does, that there is no fundamental difference between the stage and the actors, it is a matter of choice and of point of view. These exchanges are made possible by representing space and time, like the other phenomena, by a pair of fields (r, t); r and t are vectors in a three-dimensional space (scalar time is constructed from the position of a moving point in the same space as that defining the positions of the ordinary points; think of the position of the sun in the sky; or, today, that of a photon in an atomic / optic clock), as opposed to field pairs (f, g) associated with other phenomena (such as the pair of the electric and magnetic fields). The metrics of general types (not limited to spherical symmetry) such as those encountered in the Lense-Thirring effect (Kerr-type metrics) allow to find pairs of fields analog to that of electromagnetism (so called gravito-magnetic effects). The information contained in the metrics of general relativity thus makes it possible to construct a duality of phenomena for gravitation.

Other points can be discussed in this context, such as the vocabulary used to talk about the effects of matter on space and time. No more than any distorsion of space-time (that would then be given an a priori substantial value), there is any distorsion of a trajectory by matter: a trajectory has no sense on its own; it is not "modified"; it is seen / declared curved or straight only with respect to another trajectory which is seen / declared straight or curved. There are only comparisons between trajectories associated with such or such phenomena, and the choice of a reference trajectory to define the regularity of space and time.

We can also examine the question of some conceptual loops present in general relativity: how can one define the energy-momentum tensor T μv without any prior space and time measurements? We know that from T μv tensor will be derived, via the curvature tensor and the Einstein equations, the metric tensor g μv which contains indeed the information on the measurements of space and time. In our relational approach, the degree of arbitrariness in the definition of time and space is in good coexistence with the edifice of general relativity.

Finally, it may be noted that the understanding of space and time provided by general relativity is not limited to situations far from everyday life: in the case, for example, where displacements that really matter for the observer are associated with a phenomenon distinct from the elementary propagation of light, useful for the measurements of space and time by the physicists. Thus, when man is hiking in the mountains, standard units of length (meters, kilometers) are not used directly to designate a distance, but hours of walking, and the measurements of space and time are truly variable as a function of time and space, as in general relativity. It is even in certain areas of the Humanities and Social Sciences that one

can find the spirit of general relativity in terms of a reassessment of space and time within a relational approach: for instance, one can see a convergence between general relativity and mesology (a science close to ecology that expresses more deeply the links between the inhabitants and their environment) in their criticism of abstract space, as being too much disconnected from phenomena and living beings (Guy, 2016b). 
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