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One of the fundamental problems of the spacetime ontology is how matter affects the geometry of spacetime and, vice versa, how the spacetime affects the behavior of the matter therein.  Another ontological problem is the emergence of spacetime in the frame of reference of an observer.  As we will demonstrate here, these two problems are closely related.


The classical General Relativity Theory (GR) offers the following answers to the above stated questions:

1. The matter (and nongravitational fields) affect the metric g of the Riemannian space (V4) – a phenomena called gravitation – by way of the Einstein field equations G= 8πT (where G is the Einstein curvature tensor and T is the energy momentum tensor of matter and nongravitational fields).
2. The test particles move along geodesic lines of the Riemannian space, which are defined by the Levi-Civita (metric) connection Γ={} of V4: (X=0 (were ( is a covariant divergence with respect to the Levi-Civita connection Γ).
3. A frame of reference (FOR) is represented by a coordinate system (CS).  An inertial frame of reference (IFOR) is represented by a Lorentz CS while a noninertial frame of reference (NFOR) is represented by a curvilinear CS.  Thus the principle of relativity, which initially was thought to be the cornerstone of the GR, is reduced in GR to a self-evident requirement of general covariance with respect to coordinate transformation.


In other words, the GR tells us that matter curves the spacetime by affecting its metric, which in turn, through metric-compatible connection, tells the matter how to move.

Furthermore, the GR reduces FOR to mere CS, which means that according to GR, FOR plays no role in the ontology of spacetime.  This position in untenable because the CS have no physical meaning whatsoever while FOR is a fundamental physical and philosophical concept – a prism, as it were, through which the world is perceived by an observer.


As it has been pointed out by Lorentz, Fock, Wigner and numerous other authors, including this author [1,2], the CS is merely a way to number points of the 3D space or events of 4D spacetime, according to Minkowski.  Akin to street names and building numbers in a city, the coordinates are at best a convenience device.  Any coordinate transformation affects the physics of spacetime no more than a renaming of a street affects the life of people who live on that street.  We can well formulate both the geometry of spacetime and the physics therein in coordinate-free language of contemporary mathematics.  (For example, the Einstein equations as well as the equations for geodesic lines above are given in a coordinate-free form.)

Yet, a FOR is one of the most important concepts of physics.  One can say nothing about the state of a dynamical system in mechanics until one specifies the FOR in which said system is observed.  Various observations conducted by different observers can only be compared if the reference frames of these observers are known along with law of transformation, such as the Galilean transformation of the Newtonian mechanics, Lorentz transformation for the inertial FOR in special relativity, and yet to be determined transformations for NFORs.

In 1980 [1], we proposed that the FOR is described by a differential manifold with an affine connection A.  We showed that a Levi-Civita’s decomposition into its affine and nonmetric components Γ = A + S (where S is a tensor of nonmetricity) leads to a unique decomposition of the Einstein curvature tensor: 
[image: image1.wmf]ˆ

GGG

=+

 into the sum of affine and nonmetric components.  This allowed us to recast the Einstein gravitational field equations as well as the equation for geodesic lines in a form invariant with respect to the choice of a FOR: 
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where tensor 
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 may be considered as the energy-momentum tensor of the inertia field and nonmetricity tensor S plays a role of the noninertial forces.  This representation offers the following insights into the spacetime ontology:

1. A frame of reference generates a differential manifold with affine connection independent of metric (i.e. metric is inhomogeneous with respect to the affine connection).
2. Matter together with the field of inertia and other nongravitational fields influence the geometry of spacetime by affecting its nonmetricity (or metric inhomogeneity), i.e. gravity is a nonmetricity of spacetime.

3. Test particles deviate from geodesic lines of the metric-compatible Levi-Civita connection under the influence of the inertial forces represented as the affine connection of a NFOR.

To summarize, fixing a reference frame of an observer leads to a novel view of the spacetime ontology in GR as affine-metric geometry.  Incidentally, this approach leads to a fully covariant theory of gravitation and the solution of the Energy Problem in GR [2].
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