arXiv:gr-qc/0312119 v1 30 Dec 2003

QUANTUM PROCESSES AND THE FOUNDATION OF RELATIONAL THEORIES OF SPACE AND TIME

Miguel Lorente Departamento de Física. Facultad de Ciencias. Universidad de Oviedo. E-33007 Oviedo, Spain.

Abstract

We present current theories about the structure of space and time, where the building blocks are some fundamental entities (yes-no experiment, quantum processes, spin net-work, preparticles) that do not presuppose the existence of space and time. The relations among these objects are the base for a pregeometry of discrete character, the continuous limit of which gives rise to the physical properties of the space and time.

1 Introduction

The theory about the structure of space and time has been discussed from very long time not only among philosophers but also among physicists. It is very well known the correspondence between Newton’s disciple S. Clark and Leibniz about the absolute or relational character of space and time [1]. The laws of mechanics and electromagnetism were written with the hypothesis of an absolute space and time but relational theories were unable to construct a consistent model of physical world and were abandoned. With the invention of the special theory of relativity the old arguments of relational theories were renewed but only in the phenomenological level. Einstein himself recognized the atractive ideas of Leibniz as a pioneering work in the theory of relativity [2].

In this century the controversy among the physicists who defend the absolute or relational theory of space and time has increased in great amount from different reasons [3]. The experimental and theoretical development of general relativity and cosmological models have forced to review the concepts of space and time. The revision of the foundations of quantum mechanics has moved some physicists to reduce the structure of space and time to some properties of quantum processes [4]. Finally, the study of fundamental axioms of geometry (in the mathematical as well in the physical sense) has introduced new light into the discussion about the primitive or derived character of space and time.

2 Some modern theories about the relational character of space and time

We don’t want to go again in the arguments given by the two positions. Instead we will expand some recent relational theories of space and time to prove that the basic assumption common to all of them is that there exists some fundamental objects out of them the structure of space and time is constructed. We will identify those objects as events, processes, yes-no experiments, monads (following Leibniz’s ideas) and so on. Therefore the conceps of space and time are for these authors derived concepts in the logical as well in the ontological level.

R. Penrose [5]. His model starts with objects and the interrelations between objects. An object is thus “located” either directionally or positionally in terms of its relations with other objects. “One does not really need a space to begin with. The notion of space comes out as a convenience at the end”. The physical objects consist of some units with definite spin acting among themselves giving rise to a N-unit with a total spin representing a direction. The interaction of two N-units es interpreted as the angle between the two directions.

V. Kaplunovsky, M. Weinstein [6]. They consider the notion of space-time continuum as an illusion of low energy dynamics. Quantum systems are defined without the notion of space. The x_m variables have to be replaced by the labels for quantum degrees of freedom. Bose and Fermi fields satisfy the canonical commutation relation, where the quantum degree of freedom play the role of site variable. [Π (ℓ) , ϕ (m)] = −iδ_{ℓm}, { Ψ^+_α (ℓ) , Ψ_β (m) } = δ_{αρ}δ_{ℓm} The hamiltonian incorporates link fields X_{(ℓm)} and P_{(ℓm)} to boson and fermion fields, satisfying [ P^{αβ}_{(ℓm)}X^{α′β′}_{(ℓ}′_m′_) ] = −iδ_{ℓℓ}′ δ_{mm}′ δ_{αα}′ δ_{ββ}′ The hamiltonian is constructed out of such fields. H = ∑ p,q [ −iX_{(p}′_{p)}Ψ^+(p^′, q)σ_xΨ(p, q) − iX_{(q}′_{q)}Ψ^+(p, q^′)σ_y Ψ(p, q) ]

All the fields are labelled by integer indexes, that is, they are connected among themselves as a finite network, with the structure of 1-simplex, (where each field is acting with all the other fields) and the different 1-simplices are interacting with other 1-simplices giving rise to N-simplex of more complicated structure. This is called a generalized SLAC lattice, which underlies the continuum space-time.

M. Garcia Sucre [7]. This author, after classifying the relational theories of space and time, proposes a set-theoretical model of space and time in which the primitive concepts are preparticles as the most basic components of a physical system. Using the membership relation of set theory he construct the elementary particles as subsets of the power set of preparticles. Inclusion relations among preparticles and interaction among them gives rise to the temporal and spatial structure of the world out of which reference frames and motions are described.

M. Bunge [8] proposes a relational theory of physical space. The world is constituded by things such as elementary particles and fields and physical systems are composed out of these things. The concept of space is a derived one, therefore these things are not located in the space. These things are acting among themselves, the result of these interactions are called processes or events. Space is nothing more that the collections of these individual things and their relations.

M. Friedman [9] starts from the set of concrete physical events E, or, the set of space-time points that are actually occupied by material objects or processes. There is a relationalist’s ontology by which the (3+1)-dimensional continuum is nothing more than a construction out of the set E of physical events.

Mundy [10] offers a relational theory of Minkowski space-time. Suppose that there are a finite number of point particles and the mutual spatial relations among the particles obey the axioms of euclidean geometry. Any talk about space is to be analyzed according to the representations of the interparticle relations. Of course these theories must recover the field-theoretical models out of the individual events that are finite in number. A real challenge for the relational theories.

J.A. Wheeler [11] has introduced the concept of pregeometry to understand the laws of euclidean and non-euclidean geometry. The objects in the pregeometry are logical in character. Space and time are not physical entities but conceptions created by man, to keep track of the order of things. Time and space must be derived in the classical limit from the universe of our discrete elements (or bits) of information.

Ponzano and Regge [12] have develope Wheeler’s ideas in some model of curved space time using spin-network, the elementary structure of which are the 3j-simbols for 3 particles of spin 1/2 acting among themselves. The structure of a curve 2-dimensional surface is described by the closed interaction of half-integral spin particles whose diagramatic representation is given by a closed finely triangulated 2- surface with 2n triangles and 3n edges. The fineness of the diagram, determined by n, can be used to derive a correspondence law between the basic pregeometry and the continuous limit of physical geometry. The Ponzano-Regge model has been developped by modern authors in the study of Quantum Gravity.

3 An axiomatic formulation of a euclidean lattice

In the last section we have reviewed some modern theories in which the concepts of space and time are derived from the relations among fundamental objects (building blocks). The underlying structure should be compared with the properties of the physical space and time. We want to develope now some pregeometry in which the axioms are given by mutual relations of these building blocks.

Given some reticular network of fundamental objects we can postulate from purely logical properties (in the sense of Wheeler’s pregeometry) a N-dimensional cubic lattice. The difference between Hilbert’s axiomatic formulation and our approach is the following: Hilbert [13] presuposes the concepts of points, lines and surfaces, and the axioms are constructed with these objects. In our approach the points, lines and surfaces are derived from the relational character of the lattice, but the logical consecuences of the lattice are equivalent to the set of axioms in Hilbert’s formulation.

For our approach we need only one Axiom for each particular lattice. Axiom of tesselation: Given an indefinite number of objects, each of them is connected with no less and no more than 2N different ones, forming a N-dimensional lattice.

This Axiom is called of tesselation (or saturation) because for each dimension the points are completely connected and don’t admit new connexions.

From this Axiom we can derive the definition of straight line, principal straight lines, orthogonal and paralell straight lines. [14]

A path is the connection between two different points, say, A and B, through points that are pairwise neighbours.

The length of a path is the numbers of points contained in the path, including the first and the last one.

A minimal path is a path with minimal length (in the picture the two paths between A and B are minimal). Between two point there can be different minimal paths.

A principal straight line is a indefinite set of points in the lattice, such that each of them is contiguous to other two, and the minimal path between two arbitrary points of this line is always unique.

Theorem 1: through a point of a 2-dimensional square lattice pass only two different principal straight lines (they are called orthogonal straight lines).

Theorem 2: two principal straight lines that are not orthogonal have all the points either in common or separated (in the last case they are called paralell straight lines) From these two theorems we can define cartesian (discrete) coordinates and an euclidean space. This structure of 2-dimensional space can be easily generalized to 3-dimensional cubic lattice. With the help of cartesian coordinates we can define a (non principal) straight line passing through two arbitrary points.

It is possible now to deduce from the Axiom of tesselation the properties of the lattice that are given as Axioms in Hilbert’s geometry. For the 2-dimensional lattice we have:

1. There is a unique straight line through any two different points. Any straight line contains at least two points. There are three non-colinear points.

2. Given three points A,B,C of a straight line if B is between A and C, A,B,C are three distinct points, and B is between C and A. Given two points A and C, there exists one point B over the straight line AC such that C is between A and B. Given three points on a straight line there is only one between the other two.

3. Given two points A,B of a straight line, and a point A^′ of the same or different line there exists a point B^′ in the same line as A^′ such that the segment A^′B^′ is congruent with AB. If two segments are congruent with a third one, they are congruent one to another.

4. Given a straight line and a point exterior to it, there exists one and only one straight line that incides in the point and does not cross the first one.

For more complicated lattice we can follow the “skeleton” geometry of Wheeler used to describe the topological properties of curved space-time, that where developped by Regge and recently by many other authors. [15]

References

[1] A. Gruenbaum: “Absolute and Relational Theories of Space and Time”, in Minnesota Studies in the Philosophy of Science (J. Earman et al. ed.) v. VIII, U. Minnesota Press 1977.

[2] M. Lorente: “La Teoría de la Relatividad, nuevo paradigma de la Ciencia”, in Conmemoración del centenario de Einstein, Real Academia de Ciencias Exactas, Físicas y Naturales, Madrid 1979.

[3] J. Earman: World Enough and Space-Time (Absolute versus Relational Theories of Space and Time) MIT Press, Cambridge 1989.

[4] C.F. Weizsaecker (ed): Quantum Theory and the Structure of Space and Time, 6 vol. Hanser 1974-1986.

[5] R. Penrose: “Angular Momentum: an Approach to Combinatorial Space- Time” in Quantum Theory and Beyond (T. Bastin ed.) Cambridge 1971; “Newton, Quantum Theory and Reality” in Three hundred Years of Gravitation (S.W. Hawking and W. Israel ed.) Cambridge 1987.

[6] V. Kaplunovsky, M. Weinstein: “Space-time, Arena or illusion?, Phys.

Rev. D31, 1879-1898 (1985).

[7] M. García Sucre: “Quantum Statistics in a Simple Model of Space-Time”.

Int. J. Theor. Phys. 24, 441-445 (1985).

[8] M. Bunge, A. García-Maynez: “A relational theory of Physical Space”, Int.

J. Theor. Phys. 15, 961-972 (1977).

[9] M. Friedman: Foundations of Space-time Geometry, Princeton 1983.

[10] B. Mundy: “Relational Theories of Euclidean Space and Minkowski Space- Time” in Philosophy of Science, 50, 205-226 (1983).

[11] J.A. Wheeler: Geometrodynamics, Academic 1962; Quantum Theory and Gravitation (A.R. Marlow ed.) Academic 1980; It from Bit: Information, Physics, Quantum, the Search for Links (preprint 1990).

[12] G. Ponzano, T. Regge: in Spectroscopy and Group theoretical Methods in Physics (F. Bloch ed.) North Holland 1968.

[13] D. Hilbert: Fundamentos de la Geometría, (spanish translation) C.S.I.C. 1991 C.S.I.C. 1991.

[14] M. Lorente: “A realistic interpretation of Lattice Gauge Theories” in Fundamental Problems in Quantum Mechanics (Proceedings, Oviedo 1993) Kluwer 1994.

[15] N.J. Lafave: “A step toward Pregeometry I.: Ponzano-Regge Spin Networks and the Origin of Space-time Structure in Four Dimensions” (preprint 1993).