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Space and time there are not conditions of our living,

but the mode of our thinking

Albert Einstein

Albert Einstein, being a classic, could have produced various statements, but his persistence in hesitating over the choice of interpretation of the theory of space-time shows, that he considered the problem as intentional and significant. What is the reason for his saying: "not conditions of our living, but the mode of our thinking"? It is even more curious that the citation became a motto to J. A. Wheeler paper "Is physics legislated by cosmogony?" published in 1975
. Both Einstein and Wheeler were people who did not avoid ontological questions nor were they rejecting realistic interpretations a priori. Therefore there  must be a certain reason for the cited statement, as no one would concern it as a pure embellishment.

To uncover the reason let us ask about the essence of the breakthrough in our thinking caused by the relativity theory. The answer is  obvious to even a small child. Albert Einstein physicalised space and time. What does it mean? 

It is just a cliché, that, before Einstein, time was a metaphysical category. It was so no matter what precise metaphysical interpretation one would  choose. Whether we admit, following Plato, that time is “the moving picture of eternity” or, after Kant, that time is an a priori  condition to any possible experience – time remains always in the sphere of metaphysical problems, which are decided in metaphysical way and which possess metaphysical status. Though, however, as any metaphysical question, it highly influences any scientific thinking.

To define what authors mean by a metaphysical question, let us state here that we understand it in Popper's sense – although time is a condition for experience it is not experienced itself. Now we are about either banality or heresy, though yet not schism. Indeed we would like to defend the thesis that people: 

· never have performed real  measurements of time

· and, before Einstein, never had had any legitimization to perform such measurements.

In fact, to recognize the subsequent spatial coincidences, for instance of spatial placements of the hands of a clock, as a real measurement of time, one had to make strong metaphysical assumptions about the form of the measured quantity, like:

· the assumption of metric feature, that is the existence of a certain topology of time

· the assumption of continuity

· the assumption of uniformity, or the uniform distribution of the events

None of the  above assumptions result from everyday intuitions. They come neither from the traditional shape of the instruments used for the measurements, nor from the lack of alternative way of thinking. Even if one would like to claim that there are psychological reasons to assume the continuity of time, one should notice that the assumption of uniformity does not comply with common psychological experience. Still, contrary to everyday experience, which says that these are branches not chronometers that grow on the trees, people, from the very beginning, are convinced that the ontological status of time is equivalent to the ontological status of space. As far as the tools to measure the latter were picked by a human being himself/herself, the instruments to measure the time were God given. “And God said, Let there be lights in the firmament of the heaven to divide the day from the night; and let them be for signs, and for seasons, and for days, and year (...) And God made two great lights; the greater light to rule the day, and the lesser light to rule the night”.
 Thus time was a cosmic entity nearing the spirituality and, according to St. Augustine,  deprived of continuity characteristic to matter (sic!).

Such a concept of time was inherited by modern philosophy, in particular by Newtonian physics. Czerniawski is wrong claiming that Newtonian absolute space and absolute time were to lousy to constituent sensorium Dei. 
 

Even Special Relativity Theory, despite of rejecting the metaphysics of permanent ontological base, is founded on almost exactly inherited metaphysical concept of time. It brings, however, one important revolutionary change in understanding the relation between time and space. It was such great revolution, that for a moment people were deluded that measurements of  space can be reduced to measurements of time
. It was a simple reflection of our subconscious understanding of time as something more primal, more metaphysical than space. Space is visual, time is mysterious, accessible only to God's insight. One should notice here that conic structure of  events was no remedy for our  mystic approach to time. The symmetry of space-time in Special Relativity Theory was not apparent enough to balance the statistics of papers on “Time flows” with those on the symmetric topic “Is the space continuous?” . What is more, it became clear that clocks, as well as stiff measures, are so deeply embedded in the structure of physical understanding of time, that one cannot wave them aside saying “Let us take a stiff  ruler and the set of synchronized clocks...”.

Firstly, even in Special Relativity Theory it is clear that stiff rulers and physical clocks interfere into the delicate substance of theoretical fiction of the empty space. Secondly, which is even more interesting, they force us to seek the answer where we can find such objects. More precisely,  stiff rulers and physical clocks are the objects, which are described outside the theoretical framework of Special Relativity theory.

It is just General Relativity Theory that breaks the seventh seal. It is the first theory in the human culture that gives at least a clue to justify the previously light-hearted though widespread procedure of measuring time by observing spatial coincidences.


The curvature tensor, as one can easily see, can be divided into two separable parts – the external curvature Ni  and the internal curvature R ij. Let us image, for instance the two dimensional sphere. The measurements performed by flat-beings  living on it inform about the internal geometry. The field of local bi-vectors perpendicular to the internal vector field define the internal geometry. Let us note here that the bi-vector field can change although the external geometry remains unchanged. Compare, for instance the flat sheet of paper with cylinder. 

If we consider the Einstein equations in the empty space:


                                                      R= 0


we get,  in terms of  R ij and  Ni:

Kij = 1/2N(Ni|j + Nj|i -gij/t) ;

R +  (Tr K)2 - Tr(K2) =  0 ;

(Kij - gij TrK);j= 0 ;

where = 0,1,2,3   i,  j= 1,2,3
   

Those equations not only provide us with the capability of  measurements but also establish the instruments of  measurements, as any oddity will always travel along the geodetic line. This fact is so fundamental that it was found negligible by philosophers. It was, however, widely commented by mathematicians: Cartan, Bruhat i Lichnerowicz.

It is, however, only a sign of hope to give time the physical meaning. In the case of non-zero energy-moment tensor the equations get significantly complicated:


R +  (Tr K)2 - Tr(K2) =   2;

(Kij - gij TrK);j=  Si ;

The complication is not  purely mathematical or physical. The introduction of an element coming from outside of the theory evokes the metaphysics of the problem. What is the meaning of the other side of Einstein equations T ?


One of the authors, had once a talk at the Polish Physical Society on the topic “Does zero require empirical interpretation?” In fact the four interpretations of General Relativity Theory can be  related to the four ways of writing down  Einstein equations

G  = T  ;                 classical dualistic interpretation

G  - T  = 0 ;            space-time monism

T  = G ;                  Schroedinger's interpretation

0 = G  - T ;             late Wheeler's interpretation

each leading to a different interpretation of time measurements and each rising specific kinds of interpretation problems. Let us concentrate on how the measurements of time are interpreted in each of them. 

The first establishes the classical situation – rulers and clocks lead us beyond the scope of the theory of space-time. 

The second is fairly comfortable but only in the case of sourceless electromagnetic fields for which the completion is continuous.

The third and the fourth do not treat space or time as fundamental ontological entities but require a transcendent entity underlying the space-time, which can be derived from such entity. The effects of such derivation result in a series of unexpected paradoxes like non-hermitian characteristic of self time operator in DeWitt's superspace.

One can of course seek the explanation of one metaphysics in a deeper one referring to causality or in a wider sense causal order. It is, however a bit tricky. What does it mean that a theory is causal one? It seems that one has to postulate that the trajectories of solutions to the equations lacked catastrophic points, i.e. that small changes to the boundary conditions should not change the shape of the solution. Causality is inevitably bound to the problem of boundary conditions. Once such conditions are established, we are back at the problem of the measurement of time. This, however, can be avoided with the use of a trick provided by Wheeler, which seems more plausible from the perspective of practical measurements. It is known as the thin sandwich problem. Let us concentrate on one of them which is widely known. The sandwiches easily glue to each other only for fields in the empty space. In the case of non-zero energy-momentum tensor we have to make additional assumption on deterministic course of  and Si. Sapienti sat. The theory returns as much causality as we previously invested in it.

Obviously the problem of  boundary conditions gives rise to numerous questions as: the justification of establishing local boundary conditions in General Relativity Theory, elimination of certain classes of solutions regarding the boundary conditions (so called inertiality shade) , the role of the metaphysical rules in choosing the boundary conditions, for instance Mach principle, etc. 

Let us finish with some more general, philosophical  remarks:

1. The world answers in the language of the questions we ask, and we are only pollsters not observers as we a priori define the scope of acceptable answers

2. The theory of space-time as well as our consciousness of space and time, and consequently our experience of space and time strongly depends upon the history of culture. Wheeler says “If geometrodynamics preceded the classical mechanics, the discovery of electric charge would have been the strong empirical evidence for that theory”.

3. We have learned, or at least we should have learned through the experience of positivism, that science is constructed not by a universal rational cognitive subject represented in every individual subject, as for instance in Kant's philosophy, but rather by an inter-subjective social subject, whose memory makes him/her entangled into the history of the evolution of culture. Such a subject, against Popper's dreams, inherits all burdens of an individual subject, like changeable criteria of rationality and mixing up purely cognitive values with the other. Such mixing takes place both in subconsciousness  of the tacit knowledge and in fully conscious referring to the solutions already provided and present in the memory of the culture.

Space and time are necessary conditions of possible experience for such subject, who carries a burden of triple a priori: biological, Kantian and cultural.

Such a priori is irreducible, no matter how much aware of it we might be. Humans seem ashamed of their knowledge and take reckless efforts to transcend their knowledge to some rather imprecise objectivity. Noumena, even considered within so widened a priori, remain beyond the scope of the rational theoretical mind. Only few of us as Einstein are brave enough to admit that time and space are not the conditions of our live but merely ways in which we think of the universe. 

Last  but not least, let us make a remark on the more general problem of interpretation of physical theories of any kind, not just Relativity Theory. The first question to answer is what an interpretation does mean. Does it simply mean the translation from one language to another – for instance from the language of one metaphysics, let's say platonic, to the other, let's say Kantian? If so, than it would be the dominion of pure linguistic or even pure logic, as some would claim.  It is obvious that such a translation strongly depends on the set of terms acceptable within the given metaphysics. This seems to be the problem of reism, where Minkovsky's concept of  space-time requires it to be the structure, and consequently it must be the structure of something – of a thing , which one could call, for instance,  an ether. No matter what linguistic problem one can face interpreting one metaphysics in another, such problems should be considered purely metaphysical in the pejorative meaning of the term metaphysics. Another alternative is to say, that interpretation of physical theories deals with the establishing a correspondence between perceived data and theoretical data. This problem, known as Duhem-Quine  problem, apparently requires investments into the theoretical understanding of measuring instruments, which again leads us to metaphysical assumptions underlying such a theory. The last alternative is to treat interpretation of a theory as an establishing the correspondence between psychological experience and theoretical terms. This, in authors opinion should be best done within the framework of the cognitive science approach. As it binds the level of the language and the level of physiological structure of the brain, the problem itself is very interesting but goes beyond the scope of the present paper.
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