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Relation and quantum gravity in the light of Simondon and Bachelard’s philosophies

In contrast with string theorists but in line with the founding fathers of relativity and quantum mechanics, it is worthwhile to notice that the creators of loop quantum gravity are driven by profound philosophical motivations. Thus, Carlo Rovelli states that: « The search for a quantum theory of gravity raises questions such as: What is space? What is time? What is the meaning of “being somewhere”? What is the meaning of “moving”? Is motion to be defined with respect to objects or with respect to space? Can we formulate physics without referring to time or to spacetime? […] Questions of this kind have played a central role in periods of major advances in physics. For instance, they played a central role for Einstein, Heisenberg, Bohr and their colleagues. But also for Descartes, Galileo, Newton and their contemporaries, and for Faraday, Maxwell […]. Today, this manner of posing problems is often regarded as “too philosophical” by many physicists. […] The problem of quantum gravity will not be solved unless we reconsider these questions » (Carlo Rovelli, Quantum Gravity, Draft version December 30, 2003, p.19-20).

The importance given to the concept of relation by the loop theorists is an illustration of this state of mind. Claiming Einstein’s legacy of general relativity, they have highlighted the profound mutations generated by this theory on the classical concepts of space and time. Thus they stress the need to comprehend spacetime in a relational way. However, the focus placed upon the concept of relation goes beyond the long-standing debate (relationalism versus substantivalism) on the nature of spacetime. Indeed, Carlo Rovelli has developed a relational interpretation of quantum mechanics. Furthermore, the loop theorists stress the necessity to have a quantum spacetime relational concept in order to understand Planck-scale physics.

 Under the influence of Bachelard, the French school of epistemology early emphasized the metaphysical consequences of quantum physics and relativity. Especially in two of his books, La valeur inductive de la relativité (1929) et L’expérience de l’espace dans la physique contemporaine (1937), Gaston Bachelard (1884-1962) has extensively written about the disappearance of the category of substance at work in modern physics and its necessary replacement by the concept of relation: «La Relativité s’est alors constituée comme un franc système de la relation. Faisant violence à des habitudes – peut-être à des lois – de la pensée, on s’est appliqué à saisir la relation indépendamment des termes reliés, à postuler des liaisons plutôt que des objets, à ne donner une signification aux membres d’une équation qu’en vertu de cette équation, prenant ainsi les objets comme d’étranges fonctions de la fonction qui les met en rapport. Tout pour la synthèse, tout par la synthèse, tel a été le but, telle a été la méthode. […]l’espace-temps a pour lui son algèbre. Il est relation totale et relation pure.»
 (Bachelard 1929)

In a most unique and creative way, extending Bachelard’s analyses, Gilbert Simondon (1924-1989) has developed an original philosophy of individuation where he states (as early as 1964) the necessity to give an ontological value to the concept of relation in order to establish the unification of quantum physics and general relativity. This thesis (and its argument) is partly reliant on Broglie’s double solution theory; still we will show that it can integrate the relational interpretation of quantum physics mentioned above and more generally that it has the potential to lay the ontological foundations of loop quantum gravity.

This presentation intends to bring up to date Bachelard and Simondon’s arguments in the light of loop quantum gravity. It will also introduce a school of thought too often left aside although a fundamental one, and thus expose the interest and the range of a continental approach to philosophy of physics.

� « Then relativity has formed itself as a fair system of relation. Going against habits – possibly laws – of thought, one has endeavoured to grasp the relation independently of the connected terms, to postulate links rather than objects, to give a meaning to the members of an equation only in accordance with this equation, thus considering objects as odd functions of the function that connects them. Everything for the synthesis, everything by the synthesis, such has been the goal, such has been the method… […] space-time is vindicated by its algebra. It is total relation and pure relation.»





