Clearly one of the most elementary facts is that time is ordered, as is space, of course. Besides the experience that we have of this from our earliest childhood, we are taught this fact in a more iearned manner at the beginning of our secondary education, in particular when we are taught to represent time and space by means of Cartesian coordinates.

I recali, when stili a child, as we began the study of motion in a mathematics class, my perplexity at the sudden irruption of the straight une, representing time. We were toid that it is the "time axis". This was an irruption in the sense that there was no explanation nor any justification: ail of a sudden time was represented by an axis, a straight line. The word axis was new in this sense.' Wishing to obtain some explanation, I said to myself that I must have missed something, at some moment in some ciass an explanation should have been given; but no, I had been present at ail the classes, and no explanation appeared in our textbook either: aIl of a sudden an axis, oriented and continuous.

This linear and continuous representation is indeed very surprising and a per plexity stili remains. Although the quadruple identification, classical since the time of Descartes, of the physical, geometric, mathematical, and temporal straight une or curve is undoubtedly the strongest axiom in our theory of the universe, noth ing is ever explained about it. Neither in classical Newtonian physics, nor in the general theory of relativity: the variable t, representing time, ranges over the con tinuous set of real numbers lit And while, since Descartes, the opposition between this physico-mathematical approach to time and the notion of duration, or time as perceived by our ordinary conciousness, was often considered from, let us say, the philosophical point of view, in contrast to that, no major discussion of the analytic (in the mathematical sense) representation of time from the physical point of view 11n my generation we had heard, during the war and immediately after, the expression Powers of the Axis, which mainly refered to Germany and Italy. More inoffensive, the top, and later the Earth, rotated about their axes. Time was not involved in any way.

Typeset by AMS-TpJC 1 had ever been given. The reason for this is quite simple: the power and extraor dinary success of predictions based on this representation in mechanics, physics, astronomy made any questioning seem o priori misplaced.

Curiously enough, the first objection concerning the adequacy of the temporal dimension as understood in general relativity theory in connection with the natural interpretation oftime as a fundamental datum of consciousness, based on arguments developed in the theory itself, is due to Gôdel, better known as an expert in the foundations of mathematics and deductive thinking.2 Gôdel's objection passed un noticed, and is flot generally understood today.3 Since then, of course, physics has developed considerably and the problems concerning its foundations have become better known, if flot clearer. Nevertheless, in more recent approaches to physical time in relativistic and quantum theory,4 one does flot find any reflexion on the "nature" of time of a fundamental kind, in particulier on its analytical representa tion, inherited from the l7th century and aiways accepted since then. And this is true of the very latest studies, including those involving the branching of time: in ail the theories, time is aiways regarded as a dimension essentially homeomorphic to R and space-time is assumed locally Euclidean.5

In the present study we propose to review the notion of time in physics in a fundamental way. This will be done on the basis of a triple distinction; namely, we shah distinguish:

(a) that which may be generally cahled the model or interpretation, here physical reality, and (b) the theory, that is the physical theory.

Here by physical reality we understand that which is given by physical experi ments and by experimental observation, as opposed in general to (c) the simple observation by perception through elementary consciousness, a perception which is essentially continuous (for instance the visual image).

The metalanguage belongs partiahly to level (c) and to level (a).

The different levels (a), (b), (c) overlap, of course, nevertheless such a distinction seems pertinent. For example, we know about (a) mostly via (b), but physical reality nevertheless remains in some sense independent of the theory. In a similar way, reality on the quantum level of atoms, elementary particules, etc. is a physical reahity but can hardly be regarded as pertraining to the immediate consciousness. The correspondence from (a) to (c) is complex and is flot single-valued in the other direction: to data assessed by our consciousness even by simple perception does 2'A remark about the relationship between relativity theory and idealistic philosophy', in AI bert Einstein Philosopher Scientist, P. Schlipp, Editor, La Salle, 1949. Republished in K. Giidel, Collected Works, Vol. 2, New York-Oxford, 1990. We omit a discussion of earlier criticism, in cluding that of Bergson, based on the incomprehension of relativity, or even of classical mechanics; but of course Bergson's main concern was quite different: to affirm the freedom of consciousness.

3What is remembered about this work of Gôdel is, on the positive side, the possible occurence, in general relativity, of closed temporal curves, and not this possible occurence as an argument for the inadequacy between the theory and its interpretation. flot always correspond data that can be defined within physical reality (e.g. the perception of time, see below). Note also that, in contrast to a widely held opinion, the observation performed by our immediate consciousness is often more complex than the reality observed: this is the case of the continuous image that we have of a discrete reality. But this study is not the place to develop these considerations. Let us note concerning (c), however, that ail of physics, like the totality of human knowledge, is based in the last instance on immediate observation, be it that of the showing of a measuring apparatus; the level (c) of consciousness cannot be ignored.

ON THE CLASSICAL UNDERSTANDING 0F TIME

In what follows, we include in the classical understanding of time the one that cornes frorn the general theory of relativity: the variable t ranges over a space homeomorphic to R, the set of real numbers, provided, of course, that an observer is fixed (we rnay, if needed, choose an inertial coordinate frame). The acivantages of such an understanding, to which physics and astronomy so gloriously testify, being well known, we restrict ourselves to its criticisrn.6 The following remarks are cailed for:

(1) the classical understanding presupposes and introduces the notion of con tinuum, in the sense of the set of real numbers, and the notion of infinity in physics; in contrast to this (2) the study of the quantum level has clearly shown the basically discontinuous character of physical reality; (3) in this classical understanding of time, which is a spatial understanding, ail points have the sanie status of reality: in particular there is no distinction between the past and the present moment. The first rernark (1) concerning continuity is of course a major point which is not specific to time. There is certainly matter of discussion about the continuous representation of space as well. The opposition with item (2) (the discontinuity of matter and of physical reality) strongly suggests that the continuity of space and time is simply a convention meant for theory and calculations, whose conceptual basis is to be found in the data of consciousness (level (c) above) on the one hand, and of thought, i.e., of the theory (b), on the other.

Indeed, as we have already noted, perception and, in particular, vision gives us a continuous image of the physical world which itself is not continuous. This is a remarkable fact.7

From our continuous vision of a une, we get the continuous concept of the geo metric une; this concept is easily understood intuitively from the words "without holes", because continuity is just a datum of our consciousness, while its logical or mathematical characterization is difficuit and was successfully carried out only in terms of set theory in the 2Oth century. As to an approach to continuity in physics, one hardly knows where to start from; matter is flot continuous and one must rely on the notions of energy, wave, and space, not to mention time, i.e., 6For the arguments that follow, weaker conditions suffice, but this is not important for the basic remarks that we consider.

71t is surprising that R. Penrose in his study of the relationships between consciousness, biology, and physics seems to have missed this essential point. And this while a relationship between the ondulatory (non-corpuscular) quantum dimension of the brain and the continuity of perception seems quite plausible. See R.Penrose, Shadows of the Mmd, Oxford, 1994, pp.'4O6-411. on the mathematical definitions in the theory. On the other hand, in quantum physics it is agreed that the notion of distance has no meaning in the occurence of a phenomenon smafler than Planck's constant, i.e., 1033cm. From this discrete character of what takes place in space, if flot from space itself, it follows that, given the finite maximal speed of light, a notion of minimal time arises (namely the time needed for light to cover that distance); it is of the order of iO~-~sec. Thus we see that the notion of discrete time, from the point of view of physical reality, appears quite naturally. We shall see that arguments of different nature also lead to the concept of discrete time. In fact the notion of minimal change in space together with the least action principle allow us to define a discrete time, which is this min imal change; time is then no longer a fundamental dimension of the universe but simply a derived notion, secondary in a physical theory "without time" (see the end of this article).

The above shows that one of the difficulties of a serious study of the founda tions of physics, in particular concerning space and time, comes from the complex interplay of the duality between, on the one hand, the notoriously discrete aspect of physical reality, and, on the other, the continuous character of its representation in our consciousness and in the theory, which allows the application of the differen tial calculus in the theory. Note that at a deeper level the fact of being conscious cannot be anything but continuous, because on that level we cannot be conscious of not being conscious (although we may think we aren't). Continuity is therefore a necessity of conscious observation. This is not the place to develop our reflection on the continuous as a datum of our consciousness and of infinity as a datum of thought, notions that physical reality as we know it today seems to refuse.8 However, the situation may be clarified by the following axiom, which will be assumed.

(A1). In a bounded space-time of physical reality, and in particular in an observed one, there is no infinity of space, time, or rnatter.

Undoubtedly, this axiom cannot be refuted. And certainly flot on the level of direct observation. It is therefore realistic in the sense of, for instance, the axioms of special relativity theory, which are based on the realism of a possible observation. The axiom (A1) obviously implies the discrete nature of physical reality, in particular, that of time. 0f course, this does not exciude the use of infinity in the theory. In what follows we only consider its implications that concern time.

The remark (2) above was the basis of the previous considerations. Let us examine the meaning and the consequences of remark (3).

This remark is not new, but one can deduce much more from it than is generally done. Let us draw the conventional time une, the time axis that was discussed above. o 8Until the l9th century physical reality was generally confused with the reality as given by direct perception, even if improved by the astronomer's glass. This leads to the unconscious amalgamation of the perceived continuity with that of known physical reality.

Just as on the real une ail points, are equally "real", so ail the points of a une in space-time are temporal in the same way, without any distinction between the past, the present, and the future. One cnn say: as if "everything was in the past" (and flot in the present, because although there is a great number of moments in the past, there is only one in the present). Here there is a serious divergence between the physical theory on the one hand and, on the other, physical reality and consciousness; anyone can observe on the level (c) that the present moment essentially differs from the past moment, a distinction which is stiil valid on the level (a) of experimental physical reality, since in any case one only observes at the present moment.

Concerning the notions of continuity, of infinity, and of past/present, it is perhaps of interest to display the similarities and the divergences between the three levels (a), (b), (c) in a Thus physical reality, which is in fairly good accord with immediate conscious ness, diverges on ah three notions with the theory.

Concerning the non-distinction of the temporal quality between present, past, and~future in the theory, the attitude that predominates among physicists is rather surprising. Instead of recognizing that there may be an unsufficiency here of the theory, instead they reproach reality for its stupidity (common or philosophical) of not submitting to the theory.9 When one forgets the elementary datum on which all observation is founded, namely level (c), a confusion appears between the levels of the model given by reality (a) and the level of the language of the theory (b).

In any case here we have a problem that must be examined more closely.

THE PROBLEM 0F THE PRESENT MOMENT

No matter how evident is the notion of present moment and its difference from moments of the past, no matter how clear the notion of now is in contrast to, say, hast week, these notions cannot be defined otherwise.

At the present moment the universe is here in front of me, material, perceptible, ponderable. But when it passes to the past, will it stiil have weight? Is it anything more than a discourse in my consciousness, devoid of any reality?

Although all such questions have clear answers in the immediate present, it is not clear how to define them more precisely, and physics, as it is now formulated in connection with the notion of time, appears to have no bearing on these notions.

In fact this is not new, classical (especially Newtonian) physics already was in this situation, but this was not then such a problem, because at the time physics did not daim, as it does today (especially in cosmology) to entirely express the 9As an example of the anti-philosophical bias of some physicists, see S. Hawking, A Brief History of Time, New York, 1988, e.g. in the Conclusion; even more surprising in his naïve antiphilosophical enthousiasm is J. Griffin, see pages 124, 129 and especially 471-472 of the French translation of his book: A la Poursuite du Big Bang, Paris, 1996. Note that the idea of a Unified Theory is very philosophical, but cosmologists have in general littie knowledge of ancient philosophy.

universe and its development. And also there was no confusion between reality and the theory.

The fact that physics cannot characterize the present and the temporal quality suggests a state of incompleteness: any physical theory that includes time and is sufficiently rich is necessarily incomplete in the sense that there cari be statements expressible in the theory which would be verified in observable reality but not given as such by the theory. We shah examine this question in more detail in the sequel.'°Concerning the present, the situation is that of definability and not of incompleteness in the strict sense. That the present is flot definable in physics can be readily shown.

Indeed, if the notion of present were definable, then so would be the statement "it is now time t" and one could define real time in a purely theoretica.l way, while numbers and symbols alone cannot define reality; in particular, the minute or the second cannot be defined by means of symbols or numbers only. One cari only define proportions, but the materiah unit of measure in the space and time of observed reality is defined only for itself. This is the whole difference between theory and equations on the one hand, and their interpretation in reality on the other.

However, some researchers, probably confusing theory and the reality of obser vation in the exclusive sense of the theory, deduce from this non-definabllity of the present its irreality, as well as that of the past and even of time in general. Thus, in order to clarify the situation, we shahi admit the following statement as an axiom.

(A2). The notion of present moment is a primary (undefinable) notion. No char acterization of the present in physics is possible. The same holds for the notion of past, This obviously pertains to a wide range of physical theories. Nevertheless in the theory that we propose at the end of this study, the situation is different and a definition of the present will be given (see part III).

Having specified some elements of reflection, we propose to discuss in what fol lows the problems that the assertion of (A2) generates, directly or indirectly, as well as various theories concerning the present, the past, the passage of time, deter minism, gravitation1 and the time arrow, with our discussion always emphasizing observational reality.

II. WHAT IS TIME ORDERED BY?

Concerning the difficulties involved in the characterization of the present with respect to the past and the future, there is an abundant literature in the philosophy of science, which does flot, however, question the classical or relativistic represen tation of time, and instead looks for solutions on the linguistic or logical level." There are basically two approaches: the one involving a theory of evolutionary or oriented time (tensed theory) and a theory of non-evolutionary time (tenseless).

'°See the section On the incompleteness of an abstract theory of observation and time below. 11Among recent publications let us note: R. Le Poitevin, ed., Questions of Time and Tense, Oxford, 1998, which includes a very complete bibliography; H. Price, Time 's Arrow, Oxford, 1996, enters into complex quantum mechanical considerations; M. Tooley, Time, Tense and Causation, Oxford, 1997, which introduces a causal space-time.

The latter minimizes and, in fact, eliminates the problem of the reality of the present as opposed to the past and future, by considering the universe and time as essentially static, space-time being given once and for ail. The notion of present moment and the impression of the passage of time is regarded as an illusion of our consciousness. This theory, which rarely appears in general phiosophy, is at present rather fashionable in the philosophy of science and enjoys a certain favourwithout any argumentationamong physicists, because, besides its radical character, it avoids the difficuities of axiom (A2) as well as those of the opposition between the general symmetry of physical laws with respect to time and the absence of symmetry of perceived time. This non-evolutionary theory, which regards as illusory the notion of present and the passage of time, is tacitely assumed in relativity and in contemporary cosmology (for the reasons described above), although it seems rather paradoxical in connection with the expanding universe theory. Nevertheless physicists do not really consider this topic, which involves considerable difficulties and necessitates important reformulations while there are enough successes and difficulties elsewhere. But one great physicist was flot satisfied with this state of affairs:

Once Einstein said that the problem of the Now worried him seriously. He ex plained that the experience of the Now means something speciai for man, something essentially different from the past and the future, but that this important difference does not and cannot occur within physics. That this experience cannot be grasped by science seemed to him a matter of painful but inevitable resignation. I remarked that ail that occurs objectively can be described in science; on the one hand the temporal sequence of events can be described in physics; and, on the other hand, the peculiarities of man's experiences with respect to time, including his different attitudes towards past, present, and future, can be described and (in principle) ex plained in psychology. But Einstein thought that these scientific descriptions cannot satisfy our human needs; that there is something essential about the Now which is just outside the reaim of science.12

The physical evidence, reality as we observe it, is in any case that of change: the change of tangible reality to that of the pastintangible, ungraspable, except perhaps in discourse and imagination. The fact that this change is called illusory (e.g. on the basis of axiom (A2)) leaves the problem unsolved. Indeed even if we admit that this change is a creation of our consciousnessbut isn't space one also? -the question remains: how is it possible, what are the reasons, the modalities of such a change? In what sense is it illusory? For this change is in the observed facts and so one cannot see with respect to what, i.e., with respect to what observation or what frame, this change would be iilusory if the observation that observes it is itself illusory. Physics is based primarily on the observation and evidence of the present; to cail this evidence "illusory" leads to nothing, for then ail of physics, based on the observation of changing phenomena, would be illusory as well.

That everything is indeed an illusion of our conscious self and that the world passes transiently as if it had neyer been is the ultimate lesson of ail the great religious philosophies. And one of the strongest questions of metaphysics is: when the world wili have entirely passed into the past what will remain, since there wiIl be nothing to testify about this past? It will be as if the world had neyer existed.

But in physics the discourse is different, it is precisely this change that we wish to describe and that we want to understand.

Note that in the static theory of the universe the situation is reversed as compared to that of metaphysics, since it is the notion of time and of the transient world which is considered illusory! But this explains nothing, and~call something illusory without having a sound base of observations for that cannot lead to anything: semantic or theoretical arguments cannot prevail over observat~ou.

In fact we shah see further that if we stick to physics, we cari rigourously prove that the change is real, it cannot be simply a "creation of the consciousness". It is interesting, however, to see what other problems related to the nature of time arise within the framework of the theory of the static universe.

(j) Insufficiency of purely logical arguments. The modem version of the theory of non-evolutionary time (flot the theological one: "from the point of view of God") goes back to B. Russel and has a somewhat positivistic coloring founded on logical and hinguistic arguments. Thus,according to this theory, one can eliminate the notion of present and of now by using only one relation, that of before (or after), and one expression: to occur at the same time as (or to occur at time t). The advantage is that "A is before B" is a temporal relation that does flot vary from present to past, unlike "A occurs now"; for example "the battie of Austerlitz took place before that of Waterloo" is a statement whose truth is independent of time. This reduction would imply that the present is not a necessary notion. Without going into the details of the argument13, it is clear nevertheless that a logical equivalence cannot solve the problem if the interpretationbased here on the observation of eventsis the same for both terms of the equivalence. But "to occur at the same time as" or "to occur at time t" cannot be understood unless we first understand the meaning of ta occur or of to take place, that is the meaning of nou. Any predicate, say "to be red" or "to be bigger than", is conceived and is fondamentahly defined first in the present or with respect to the present. Thus the proposed equivalences yield nothing.

Actually the present, the now (just like, doubtlessly, the here) are primamy no tions, which cannot be defined, so it is not surprising that in the last analysis they cannot be defined within physics. As well as the notion of truth. 0f course one cari define truth tables, e.g. for the logical connectives, but this presupposes the notion of truth, which is primary and from which the tables are defined. Undoubtedly the comprehension of that which is true is related to the understanding of that which is at present, and conversely. Because the truth, even mathematical truth, is understood in the present, even if it is independent of time. Truth is based on con scious awareness. More precisely, truth is based on the awareness of the presence of something in our consciousness, this something being, possibly, perceived as an object, an inner image or a thought. The same difficulty arises with the notions of before or after.

(ii) On the non-definability of the order of time in physics. We have the following proposition: 13The idea is the following: the statement, in the present, of an event is true if and only if this statement occurs at the same time as the stated event. Or, to put it otherwise, "it is snowing" stated at time t is true if and only if indeed it is snowing at time t. See Questions of Time and Tense (op. cit., see Footnote 11), where the different positions of the tenseless theory are analysed.

(Ah) The temporal order before-after cannot be founded on physics alone (unlike order in space), Because this order is obviously based on the observation of docks or something of the sort. There is a succession of states of the dock. But a succession with respect to what? With respect to an observation, which presupposes an observer and a frame of reference. This frame involves, as concerning time, the present moment. The before and after therefore presuppose the conscious notion of present and past, which cannot be expressed in physical terms according to (A2). Hence (As). In fact after is a primary notion. That which is after is that which cornes after the flou.

This proposition (A~) may seem paradoxical, since a time variable does exist in physics. But this variable ranges over R, supplied with the order of the real numbers. The fact that a real number, cailed "time" is assigned to an event of the real world, obviously presupposes that this assignement was produced at some present moment: once again we must observe a dock. Moreover, if (within a flxed frame of reference) to the event e we assign the real number T(e), this asignement must satisfy the foliowing condition: if e1 occured before e2, then r(ei) < T(e2); -r transforms the order of time into the order on R. But the order on R does not define "ail by itself' that of natural time.

0f course, concerning space measure, there is also a convention in producing the assignement of numbers to points in space. But this differs from the measure of time in the following: the moment of a temporal observation, of the specification of the nou, can only occur once, at that particular moment, which defines itself, whereas the moment of a space measurement (supposed to be tirne-independent) is of no importance and the measurement cari (in principle) be repeated. Space measure thus possesses (in principle) a basis independent of time. On the other hand, the natural order of the reals is defined from that of the rational numbers, which is just the order of measurements of lengths. Thus order in space, contrary to order in time, is directly definabie in physics, because order in space is nothing else than the natural order of comparison of lengths, while measure is given only in a relative way, since R has no intrinsic length. The reai model is aiways needed.

Let us note, however, that the independence from time of space measurement is a relative and rather miraculous principle. Because this means that there should flot be too many things that change. We need a stable frame of reference for at least "a certain time". If we assume that everything changes at each moment, then measurement becomes impossible. Except precisely at the present moment (assuming that it is possible), before localiy a change takes place. Similarly, in an empty domain no intrinsic measurement is possible. Thus we need some sufficiently stable matter or matter possessing certain forms of stability; on the other hand, if there is no change~there is no intrisicaliy measurable time. We shail corne back to this point. Nevertheless let us note that it makes little sense to talk of time and of observation, and even more so of some present moment, in a pure "space-time" without any matter in it.

Concerning time, we must distinguish, as above,'4 the level (a) of "naturai" time as it is given by observation, with its notion of present, -past (before and after) and the level (b) of physical theory, in which time is a geometric dimension. The level (a), for the case of time, intermixes with the level (c) of perceptive consciousness; 14See the begining of the Introduction.

nevertheless there is a physical reality concerning the notions of change and of present. The theory appears incomplete with respect to reality; one must refor mulate and make more precise these notions and the theory itself so as to enable it to describe time in a complete way. At present, the theory carmot describe the level (a) well enough, in pa$kular describe the natural order of time without an ad ditional metalanguage (which would include the notions of "present" and "after") that the discourse of physics uses or omits in a confused way; this hardly simplifies discussions, in particular those concerning the arrow of time.

The proposition (Ah) implies the following Corollary. The arrow of time is not definable in physics alone, it requires a metalanguage including the notions of present time and temporal preceding (or suc ceeding).

Thus in discussions about the arrow of time, for example in cosmology, misun derstandings often arise, because the geometric time of cosmology based on general relativity does flot give a complete account of natural time, so that the absence of an arrow for geometric physical time does flot imply there isn't any for natural (observed) time. We shall show later that the change observed in natural time is flot illusory and is flot a pure product of consciousness, there does exist a real arrow of time, which could in principle be expressed physically. But the main open question at this point is whether, ail the physical data being taken in consideration, the arrow can be expressed in physics without appealing to the notions of past and present. Concerning the natural arrow, in accordance with our Corollary and the fact that neither past nor present are physically definable, the answer is negative, at least in the present state of physical formulations related to time.

(iii) The evolutionary theory of time and the symmetry problem. Concer ning the theories of time in evolution (tensed theories), which affirm the passage of the time from a present reality to that of the past, with discussions about the degree of reality of the past and of the future, one of the difficulties that is often stressed concerns the symmetry of physical laws with respect to time. How is it possible that oriented time defines an asymmetry, while physical laws, be they New tonian, electromagnetic or relativistic, are symmetric with respect to time and can in principle be inversed. The situation appears surprising but certainly flot contra dictory, since we just neyer see the unfolding of these symmetric laws backwards. It is as if these laws were subject to the dynamics of time. And what does "unfold backwards" mean?

Since physical theories are based on a time of geometric character (which does flot account for the notions of past and present), it is normal for them to be sym metric, but this geometric symmetry in the theory cannot be opposed to the data of observed natural time, since, once again, the level of discourse and of reality is flot the same. This symmetry may be the expression of the incompleteness of the theory in its temporal aspect.

That this symmetry of physical laws with respect to time is the sign of an incompleteness can be seen in the fact that the symmetry cannot by actually used, it remains essentially without any consequences. Indeed, the real consequence would be that time can actually be inversed. But this will lead us, as we shah see below, to ~nsurmountable difficulties, even in mechanics; these difficulties oppose such an inversion and point to the incompleteness of the theory. Physical laws, independently of time, are flot generally symmetric; thus,for ex ample~gravitationa1 forces have an attracting orientation and physical magnitudes are usually vectors. The question of deciding whether such an orientation would be preserved or inverted under an inversion of time is completely open, since no experiment is possible. What the physics in inversed time would be like is quite problematic. One cannot see what meaning can be assigned to inversed time and to the artificial trick of replacing t by -t; it is as if by t2 we meant the square in the geometric sense, i.e., a temporal surface, and then wouid express surprise that no such thing could be observed. Let us examine the difficulties inherent to such an inversion.

Indeed, not to mention the complex problems of symmetry and asymmetry in thermodynamics, diffusion processes, radiation or quantum mechanics, even in clas sical dynamics singular situations arise which do not allow returning in time to previous states without the use of additional axioms (of course returning in time is understood as purely theoretical).

Thus for an object at rest one cannot, in generai, say anything about the duration of its state of rest, about where it came from or what its previous motion was. As 2..we can see in ~there is no way of determining where the little black bail came fromfrom A, or B, or whether it has always been at rest at the bottom of the trough.

One must pass to a level deeper than that of pure dynamics, perhaps to the molecular level of friction. But in pure dynamics the problem has no solution. And neither does, in the framework of a frictionless theory, the problem of finding the previous behavior of the bali oscillating in a perpetual motion in the semicircular trough between A and B or of determining how long it has been oscillating in this way (similarly for an ideal frictionless pendulum). Thus we have the following surprising situation: in certain processes that are symmetric with respect to time we cannot determine the past. And one cannot see, then, how to return back in time.

The famous example of the cup that fell off the table and broke into pieces from which, by inversing time, one wouid necessariiy return to the intact cup standing on the table is false. Because the pieces could have always been there, or they could have, for example, been willfully arranged on the floor as if a cup had fallen, although the cup neyer actually stood on the table. Nor can we determine how long the pieces have remained on the floor. We need additional information in the past, but this information may have been lost during the state of rest. Mechanics alone cannot aiways allow to return to the previous moment. The detective. h will continue to prosper: in an inverted~time Newton needs the help of Sherlock ,ç sh~-~- Holmes.

. Thus we see that a theory of inversed time as a consequence of the symmetry of the fundamental laws of physics can hardly be advanced in opposition to naturally oriented time. But the difficulties inherent in a theory of inversed time also arise from another source.

(iv) What meaning can gravity have in inversed time? Independently of the problem of the mechanical non-determinacy of the past, to which we shail return, one may ask if speculations about inversed time have any meaning whatsoever. Physical laws have been established in the context of naturally flowing time, and, as we noted above, it has flot been proved at ail that these laws, even "inversed", would be valid in the case of time flowing in the inverse direction. Actually there are grounds to believe that the opposite is sometimes true. Concerning gravitation, the state of affairs is much more surprising than it is generally assumed.

Because in the case of the inverse flow of time, the law of gravitation, i.e., the universal law of attraction, is not only inversed but becomes dependent on time and ceases being universal, unless other laws are added. As an example,. let us take Newton's famous apple, which separates from the tree at time tj, hits the ground at time t2, and lies there, say for three days, until time t3. Let us inverse time: for three days, from time t3 to time t2, the apple stays put on the ground; as the resuit of what? Because the law of attraction forces it to stay in place. But at time t2 the apple is pushed back up to the tree; as the .result of what? Because of the law of repulsion, i.e., inversed attraction. So the law of gravitation would be attracting from t3 to t2 and repulsing from t2 to t1? Moreover this dependence on time could flot be determined (recall our previous remark on the impossibility of determining the origin of an object at rest and the duration of its state of rest in a process taking place in inversed tirne). And if several apples feIl in Newton's orchard, it hardly seems possible to find out which one of them will be the first to fiy back to its tree on the basis of mechanics alone. (0f course, we cannot assume that gravitation in inversed time is aiways repulsing, this would completely change the universe, or that it is always attracting, because then we would have to introduce upwardly directed forces or forces attracting to the tree without any physical foundation and in unlimited number).

That gravitation is sometirnes attracting and sometirnes repulsing can easily be explained by the equations of mechanics. Certain processes independent of time, in particular the states of rest, are flot affected by the change from t to -t. The case is sirnilar for the semicircular motion of the bail from A to B, or for that of a pendulum (the return from A to B can be viewed as the direct trip from B to A in inversed time). In contrast to this most motions, being non-symmetrical, are inversed, as in the case of falling bodies: the apple flies back up and gravitation seems• repulsive in this case.. It nevertheless rernains true that for an observer of inversed tirne (a purely theoretical one, and exterior to the observed phenomenon), the law of gravitation would be, stangely enough, sometirnes attracting, sometirnes repulsing, depending on the tirne and place. This irregularity could in certain cases be indeterrnined (for objects at rest, or for the oscillating bail or pendulum: how long was the object at rest, how long have the oscillations been going on, where did ail the objects corne from, etc.). And sometimesonce would be sufficientthe observer would flot see the return of the past as it occured in the direct flow of time, but wouid corne to a surprising, imprevisible past, that would leave the observer perplex as to the reality of the observed events. We shah return to the problem of non-deterrninism towards the past further on. As to now, we daim to have established the following important statement in dynamics: If gravitation is independent of time, then time is not inversible. This surprising statement would be interesting to discuss within general relativity theory. The argument according to which the law has flot changed but it is simply time, inversed from t to -t, which gives rise to these discrepancies in attraction and repulsion, does not work; because in a physics of inversed time one would evidently have a positive time and so it would be gravitation that would change and sometimes be repulsing. Within a time flowing in the natural direction, the universal law of attraction is indeed aiways attracting, while for an inverse flow of time it ceases to be universally attracting and depends on time.

To conclude, let us note that the notions of attracting and repulsing force, in a world of matter and masses, are not symmetric. A system of two repulsing bodies can neyer be at rest or in equilibrium, whereas two attracting bodies often are, as we can see for objects lying on the ground. Matter and attraction are related. Matter is cohesion. We have seen that the notion of attracting process is deeply related to time.

(y) On the deterministic dream in classical mechanics. Contrary to a gen erally accepted idea, it is faise that the laws of mecanics in themselves are determin istic. Even in what pertains to the future, general non-dynamical considerations are necessary. We now place ourselves in a mechanical universe.

An additional axiom of causal closure is indeed necessary; it asserts that with respect to the data of the theory at time t: (D0). No new forces or masses appear in the future. This means that any force or mass that intervenes in the future is included in the data or is a consequence of the data of the present: (D,). For any t every force or mass that intervenes later than t is a consequence of the data at time t.

Otherwise, some force, say, may appear at a time succeeding time t, a force that cannot be predicted at the moment t. The weaker condition that each event has a preceding cause does not suffice, because we must be able to go back ail the way to t. Note that (D0) is metaphysical in nature, and, in its positive version (D,), is a strong axiom since it asserts determinism for forces and masses. But mechanical determinism for the future cannot be obtained for less. In the foundations of determinism for the future in mechanics there already is a deterministic axiom. In the framework of the application of this axiom, one nevertheless finds determinism, in particular, in closed dynamical systems.'5 "Determinism in the theory is then obtained as follows. Denote by 4' the theory at time t (4) = 4'~), by f aforce or mass at time u (f = f~, u ~t), by X a mechanical event (X = X~). The theory 4' is deductive (I-). The axiom no new forces or masses can be written as -r3f(4> ~f). In other words, Vf(4' F-f) (*). Denoting by ~the fact that the event X is verified, the fundamental law of mechanics (any event is the resutt of the action of forces or of masses) can be written as VX(1 X ~~f,, .. . ,f,~(f,,. . .,f,~F-X)) (**). By using (*), thisyie1dsVX(~X r=~(4)1-X)).

The converse (4' I-X ~I~X) (***) means that the mechanical theory describes and predicts real events: this is one of its most glorious achievements. Finally we obtain ~X ~4' I-X. Determinism is a kind of completeness. Note that (**) and (***) belong to mechanics proper, whereas (*), which expresses D, and D0, is an axiom of philosophical nature. We do flot take into account the question of the solubility of equations arising from (*) and (**). Note that here we study only the logical conditions of determinism, especially to show the difficulties and the asymmetry between determinism in the future and in the past. This, of course, is an ideal determinism, since, for exaanple, unstable equiibria can create, as we know since H. Poincaré and J. Hadamard, a chaotic behavior. But stiil a remarkable determinism which has led (possibly as opposed to the situation in quantum theory) to dreams even more iliusory than the illusion of time that these dreams were supposed to refute. Indeed, let us look at a supposed determinism towards the past.

In order to make determinism towards the past possible, we must, simiiarly to the above, require that any force or mass of the past be known in the present.

(D2). There are no forces or masses in the past other than those known in the present.

In other words, any force of the past must leave traces. Thus if the littie bali bas rolled down from the edge of the trough towards its bottom at a time s preceding t (s < t), then stayed motionless at the bottom until time t, the cause that made the bail roil at the time s must leave mechanical traces until time t, by studying which we can go back in time to the cause of the event at tirne s and determine how long the bail has been at rest at the bottom of the trough. But if the axiom (D0) (or (D1)) of causal closure towards the future, which also means that there are no new causes in the future, only effects (so it is an axiom of non-creation in the future), if this axiom can in principle be accepted, the similar axiom (D2), which is very deterministic with regard to the past, is more than doubtful. It means, in fact,~that we need not know the initial conditions of a mechanical process, because these conditions are determined by the situation at any moment of the process.

It is perhaps useful to consider some examples.

(1) We have seen the example of the littie bail at rest at the bottom of the trough (or a grain of sand): bas it aiways been there or was it brought there by its initial motion ~s the resuit of which it feil into the hole (or did the wind bring the grain of sand)? The immobility of the bail yields no answer. But neither does its semicircular oscillation in the trough.

(2) The state of equilibrium to which a gas returns (as the air after the gust of wind that pushed our grain of sand) erases ah information on the initial state of the gas. This last example shows that the forces of friction can also fafi to leave any trace: the wind blowing backwards will not recreate the traces that it has erased, even if we aiso inverse gravitation (the whole beach would disappear immediately). This biblical example of the wind and the sand leaves much food for thought.'6 And so does the moon.

(3) Dynamics by itseif cannot say anything about its origins, nor specify how long it has been accompanying the Earth. Because a satellite moving according to some initial trajectory can put itself on orbit about some massive body provided its trajectory is tangent to the orbit, and so there is no way of determining where it came from. Its orbital motion teaches us nothing about the duration ot this motion nor about the origins of the satellite.

In dynamics the cause and effect relationship bas the following specific trait: dif ferent causes at time s (e.g. the different scenarios of th~satellite's appearance) can produce the same effect on our object at time t (t> s) (the way in which the satellite 16This is an excellent example of what a "reversed movie" ofa sequence ofevents is flot what we obtain by inversing time within the framework of physical laws, reversed or flot; here gravitation must vary with each grain of sand if we are to recover the traces at the initial moment. gravitates). In moving back into the past, there may be a total indetermination. This indetermination cannot in general be avoided, as we see in the example of the moon: if the orbital motion did determine the past, then identical satellites would necessarily come from the same direction, which is absurd.

Since, conversely, the same cause under the same conditions cannot produce different effects (this is a fundamental principle of classical mechanics) we see that The causal relationship is by no means symmetric.

To the extent that axiom (D1) is valid in large domains of application while (D2) is flot, even in elementary situations, there is a deep asymmetry between determinism in the future and in the past. The arrow of inversed time is lost in the indeterminacy of the arborescense of possible causes.

0f course one may think that although we have no knowledge of the forces that pushed the bail, the grain of sand, and the satellite, respectively, it is possible that we can, nevertheless, know the causes of these forces and thus work back to known causes. But this hope will be in vain. Because the bail or the satellite could aiways have been in motion before falling in the trough or getting into orbit, or the cause itself could have been erased by a situation of immobility, equilibrium, or cycle, and so we can return, step by step, to an infinite regression of forces (even within a compact universe), an infinite chain of causes that physics does not know how to handle17 and which Ieads to the Primal motor, i.e., to the problem of the origins, which is necessarily outside the theory, since having no cause. Indeterrninism in the ~past remains untouched.

The lack of symmetry between the determinism of past and future cornes from the fact that although we cari assume (axiom (D0) or (D1)) that no creation will occur in the future, some creation must have occured at some point and 80 had to occur in the past.

(vi) On the incompleteness of an abstract theory of observation and time. What we have presented as axiom (A2): The present is not definable phys ically can be demonstrated informally. Because the notion of present, of now at time t belongs to the irreducible semantics of interpretation that makes physical theory conform to reality. The difference between the interpretation of a purely logical theory and the interpretation of the physico-mathematical theory is in that the interpretation of the latter is given: it is the real world. In logic the situation is inversed: we are given a theory and we search for interpretations (models); neyer theless certain interpretations are prefered, e.g. the interpretation for the theory of natural numbers known as the standard one. The question of establishing to what extent the positive integers are natural in the sense that the real universe is (and vice versa) is a very complex question in the foundations of mathematics (and of physics if we assume the universe potentially infinite), precisely because we can not base the theory better than it is in its natural intuitive expression (e.g. via the Peano axioms). Moereover, the interpretation of physics is not only in the language and in abstract thought, at least the natural interpretation. But the latter, beyond 171t can be treated, however, in (niathematical) logic, see I. Reznikoff, 'Chaînes de formules', C.R. Acad. Sc. Paris, t.256, 1963, p.5021-23; 'Tout ensemble de formules de la logique classique est équivalent à un ensemble indépendant ', Ibid, t.260, 1965', Ibid, t.260, , p.2385-88;-88;'Axiomatisations libres', Ibid t.318, série I, 1994, p.875-878; also see P. Wojtylak, 'Independent axiomatizability of sets of sentences', An,i. Pure Appi. Logic, 44, 1989, p.259-299. certain obvious aspects, becomes difficuit to discern as we await experiinents that are supposed to, in principle, enable us to do so. There are, however, questions whose answers cannot be determined by any possible experiments; typicaily: is the universe actually (or even potentially) infinite?'8

The adequacy of the physicai theory and the real world is also complicated by the problem of observing reality. Because of its limitations, observation gives only partial data (but already so rich!) on reality, yielding an unsufficient model for a good theory (assuming that such a theory could actually exist). Moreover, the resuits of observation, being formulated in the language of the theory, one may ask if, beginning from a certain degree of complexity, the language has flot substituted itself for reality. One cari describe models of the theory differing from the real world but logically satisfying the theory. For instance of a universe, even an infinite one, reduced to the size of an apple, ail the dimensions being reduced in the same proportion. The only garantee of the reality of a model is the constatation of its conformity to the real world. But this constatation of conformity occurs in the consciousness of the present and within "natural" time is necessary. To what extent can we then admit that the present is "iliusory", and so is natural time? But reference to the present and to natural time is necessary. For if the notion of the present moment and hence that of a fact really observed at the present moment couid be reduced to purely theoreticai definitions, where would the real verification be?

The "illusory" semantics of reality could be entireiy redefined within the theory, the fictiônal model of the reduced universe would conform to the physical interpretation but flot with real observation. And so the theoretical interpretatiom and the real one could flot be simultaneously verified, contrary to the definabiiity of the latter in the theory. This suggests that the semantics of reality is flot entirely reducible to pure theory.

There is at present in some branches of physics a direction (influenced by general relativity), which, in the search for a global theory and a general geometrization, reminds us of the dream of Hilbert's programto integrate the integers into a theoretical formalism. The situation in physics is similar to that in the theory of integers, the meaning of truth in this theory remaining outside the theory itself. It is known that arithmetical truth is flot entirely definable in the formai theory: one can construct models in which this theoretical truth (provable) is flot verified while natural truth is. But there is a similarity between the notion of truth in mathematics and that of observation in physics. As we have seen (see (j) above), to say that X is true means to be conscious of this truth at some moment, so in a sense it is an inner observation, and conversely to observe a fact is to assert the truth of this fact. To say that some event Y occured at time t means becoming conscious of the truth of Y at time t. Thus the notions of truth (of a statement) and the observation (of an event) are related and even equivalent at a certain level: '8Contrary to a widely heid opinion according to which the finiteness of the Universe has been demonstrated (e.g. by the "black night" argument, which incidentaiiy can easiiy be refuted), none of the relevant arguments can be of definitive character. One cannot hope to ever demonstrate that it is infinite (because this cannot be verified), but a proof of its finiteness would require that ail the fundamentai data about the universe be known, which already presupposes that these data (and so the universe itseif) are finite. Shakespeare has already warned us "There are more things in heavens and earth, Horatio, than are drearnt of in your philosophy (Hamiet 1(5)). For an assessment of the situation in the actual state of our observations, see N.Cornish and J.Weeks 'Measuring the shape of the universe', Notices of the AMS, 45, # 11, 1998AMS, 45, # 11, , p.1463-71. -71. no statement of truth without its observation, no observation of a fact without the statement of the truth of this fact. It is then possible to reproduce for physics an argument similar to the one used to prove G~5 -del's incompleteness theorem purely in terms of observation.'9

More troubling is the fact that an argument similar to the one above (detailed in the footnote) can include considerations of time:

The observation, cail it 0(t), that you are presently making (as you read this text) and will continue making during a certain interval of time t, observation that allows to observe itself as not being given by the theory, whatever be the interval rtl in the theory, this observation is indeed flot in the theory, whatever be the interval of time t, but is nevertheless verified (because you are performing this observation now and in reading the proof that follows) •20

There is a good deal to say about this argument, to defend it (one cannot see under what criterion a physical theory of observation would exclude the above type of observation; there are indeed very complex observations, e.g. astrophysical photographs), or to critisize it. However, we believe that the argument is flot just a logical curiosity; it is no more curious than some current physical speculations. Within the framework of a real theory of observation, the argument could certainly be reproduced.

The tendency in physics to eliminate natural interpretations under the pretext that they are "natural" or "illusory" can lead to real illusions: a semaritics is aiways necessary.

(vii) The present and simultaneity. One of the arguments advanced against theories that insist on the fundamental character of the notion of present is that such a position would imply a universal notion of simultaneity, known to be illusory since the very beginnings of relativity theory. But this consideration concerns a notion of/present or now 4hat tota1i2e~, a nalve now extending to the entire universe. And ,~t~~-~' v~~-3~c~.k' (-i so'this consideration refutes only the notion of "universal present". It seems clear that the notion of present related to observation can only be local. The notion of an observatory present, necessarily local, does flot contradict relativity theory.

'9Consider a theory that includes (formally, from the point of view of the theory) the notion of observation. If O is an observation, then rQ~is its theoretical equivalent. If the theory yields an observation, F-r0~, then O must be verified in reality (the theory doesn't teli tau stories!). But we don't aiways have the converse. Because any observation including this one, which observes about itself that it is not given by the theory, cannot be given by the theory and yet is valid. Indeed, let 0 be such an observation. Then if we have F-rQ~I,then O is verified. But O observes that ~r~, which is impossible. Hence we cannot have F-~and so Y ~but then the observation o is verified because this is the observation that it observes. Our theory is therefore incomplete: there are observations that are flot given by the theory. Note that the simpler statement This observation is flot in the theory will flot work in the previous argument because it is more of a statement than an observation. 20The proof is essentially the same. If we had F-0(rt~) for some intervaL rt0~in the theory, then 0(t) would be verified for the interval to. In this interval of time, the above observation would be verified (in particular at the now, which is included in this interval), but then this observation (which is precisely what it itself observes) would flot be given by the theory, Y rO(t)~, for any interval of time rt1, contrary to the hypotheses. Therefore Y rQ(~)-I and the proof is concluded as before. Formally we have 0(t) ~. yr~i Y rO(t)T he fact that there is a free variable in the left-hand side is proper to observation (at a certain time t); we could write 3t0(t).

There is no observation without a "now" of the observation, nor is there a "now" without an observation, which itself involves becoming conscious, the turning-on of consciousness; observation is a primary notion of physics, but it belongs to the metatheory, aithough its actual status is flot aiways clearly perceived.

(viii) To conclude about the time arrow. It is rather surprising that it is among those who believe in the static universe, e.g. in contemporary cosmology, that one finds supporters of the idea of inverted time arrow, which seems incoher ent: if the natural time arrow is an illusion, the inversed time arrow should be at least as illusory and actually more so, since it has neyer been observed and is prob ably unobservable (except perhaps very locally). But state of the art cosmology, which is in a becoming process, nevertheless is definitely flot illusory, and in its great achievements is sometimes incoherent. 0f course, the arguments involved are thermodynarnical; we will not discuss them here. But it follows from subsections (iii)-(v) above that the notion of inversed time arrow poses serious problems, in particular gravitational ones. In no way does one obtain the "movie running back wards" for natural processes, even when we simply inverse the directions of ah the velocities (which is one of the basic ideas of reversibihity): gravity must then depend on each molecule (or grain of sand) and the backwards rotating moon will neyer disclose its origins. In order to obtain the reversed movie, we must know the movie in its natural (direct) unfolding, whereas to obtain the latter we certainly don't need to know the inversed film, which has no meaning in the framework of our physical laws.

Even more surprising is the idea that in an inversion of time, say in a phase of contraction of the universe,2' everything is reversed "as in a movie shown back wards" (which is already impossible), including consciousness: one would remember the future (in the ordinary sense) and try to predict the past (which would be the future in the reversed process), thereby thinking "backwards" ~22

The problem is that thinking backwards is not thinking, it doesn't even give a "thought" for a brain working backwards. Just as a program written backwards is not a computer program, even for a computer working backwards. Because the computer is designed in a way obviously based on normai physical laws and 50 are thought processes. To be conscious, in particular to be conscious of a thought backwards, is not possible in a brain functioning backwards. This can be easily shown. And can be easily explained, since consciousness is intimately related to the natural flow of time and has arisen, like biology, in this context. No one can doubt that consciousness is strongly involved in the observation of the natural time arrow; some people, those who imagine that it can one day be reversed, believe that the time arrow is a creation of consciousness, but have forgotten this in the meantime (how can an illusion be inverted?), favouring the pure theory. The paradoxes of the latter (see above), flot to mention those arising in the entropy approach to time, 21But we really do flot see why time would be reversed, unless an entropy definition of the arrow of time is used, which is often done in cosmology (since otherwise time does flot poss). However, in this approach the evolution of entropy is essentially considered, which seems to refer to time: the definition is likely to be circular. 225ee T, GoId, 'The arrow of time', Amer. J. Physics, 30, 403-410, or as quoted by P. Davies, Space and Time in the Modem Universe, Cambridge, 1977, andL 'esprit de Dieu, trad. P. Cou turier, Paris, 1998, p.53. Also see S. Hawking, A Brie! History of Time, New York, 1988, the chapter The Arrow of Time; J. Gribbin, A la Poursuite du Big Bang (loc.cit.), Chapitre 10; H. Price, Time's Arrow (op. cit., ootnote 11), p.100. J .Ç€L seem quite menacing; a rigourous logical examination would reveal many surprises.

But we have noted (see (ii) above)that the real arrow of time is flot definable in "geometric" physics, and the definition based on entropy, while it shows an oriented phenomenon, is far from being able to define anything concerning time, in the present state of affairs, even in the most theoretical approach.23 Thus the cosmological arguments concerning the "inversion of the time arrow" remain largely speculative. However, if it is assumed that "theoretical" thought is thought, the pretension of cosmology to have implications concerning thought in the case of time inversion is simply nonsense. Since nothing is explainable without using thought working "forwards", one cannot imagine thought "working in reverse" if it is flot formulated in terms of ordinary (forward-going) thought, but this would not be allowed (possible) in a time reversal. For example the resuit of reversing A implies B is not B is implied by A, because this presupposes the normal comprehension. The syntax/semantics relation is not reversible. Neither in the elementary sense (semantics/syntax) because of the incompleteness theorems (see (vi) above), nor in the sense of a reversai of comprehension (semantics) as a consequence of an inversion of time (syntaxis, of course can always be reversed). There is here for us, and in any thinkable deductive discourse, an absolute direction.

A PROOF 0F THE REALITY 0F THE PASSAGE 0F TIME

Here we propose to prove, as announced, that the impression of change given by time as it "passes" cannot be merely a creation of our consciousness.

The change is, of course, that of an observable and tangible realitythe present to an intangible and unobservable one (at least directly) -the past.

Proposition. This change is real.

The crucial question is this: what causes consciousness to perceive the passing of time if there is no "real" change?

The proof that follows is a consequence of the impossibility of answering this question.

Proof. Since consciousness has a material (neuronal) basis, if there were no temporal quality that changes in reality, as the static theories daim, there would flot be any change in this material base and nothing within it could be the origin of our feeling such a change. The non-change of the material brain would then have to be the origin of the change of consciousness. 0f course, there could be a level of pure consciousness independent of the neuronal level, but one would not like to be forced to accept this; also, we are concerned here with the level of direct perception, and the fact that the latter has a perfectly material base in the brain is hardly questioned by anyone.

The image of consciousness that would be wandering, like a lamp throwing light, along the curves of space-time, is quite beautiful, but such a promenade would also be that of the neuronal brain, which, being material, belongs, on the other hand, to static space-time in which nothing throws light on anything.

230ne would first have to establish.a relation between entropy and the geometry of space-time, otherwise no measure is possible. For an overview of these question, see the remarkable articles by L. Sklar, 'The elusive object of desire: in pursuit of the kinetic equations and the Second Law' and especially 'Time in experience and in theoretical descriptions of the world', in Time 's Ai-rot» Todo11, S. Savitt, ed., (op.cit., see footnote 4).

One could object that there are some processes in the brain that are, in their changes, quite illusory, and exist only in the consciousness that observes them. But then the question remains posed, and in any case the processes of immediate per ception of the present and those, related to rnernory, of the past, are differen~iated in cerebral activity. The cerebral machine registers this difference, no matter how you put off the moment of conclusion, this difference has to corne from sornething. And necessarily, given the material essence of the brain, this difference originates in a difference within the real world. It is exactly like the change of position of the needle in sorne rneasuring device. It is flot an illusion.

The objection that what we observe may be an illusion, as is the illusion of the motion of the sun and the night sky around the Earth, does not hold in our case. Because for the rotation of the sky, the illusion does not concern the motion, something does in fact rotate, but in its cause, which differs frorn the apparent one. There are, from Ptolemeus to Copernicus, no changes in the observation, only in the explanation.24 In our case, similarly, the observation is certain; that it is a datum of consciousness implies that it is a datum of the real world, here related to the nature of time: there is indeed a material difference between the past and the present. (This is in a way so obvious that it is the converse statement that should require a proof. We shall return to this point.)

Comment on the proof. The proof can readily be forrnalized. It is only based on the fact that the relationship between reality and the brain which observes il~and ~i~a4 between the brain and perceptive consciousness are injective (in the rnathematical sense). This means that where there are no changes in the real world, the brain observes no such changes, and neither does consciousness. If the arrow -+ denotes this relationship, we can neyer have the following picture: the real world observation (consciousness)

Thus the observed changes, as perceived by our consciousness (normal, in clearly observable facts) and by the brain, originate in changes in the real world. Observa tion does not "invent" changes. Otherwise observation and perception would not be viable. On the other hand, the converse is often true: some changes in the real world are not (cannot be) observed by the brain or by consciousness. But this fact is flot involved in the proof.

It is surprising that this very simple proof has not been given before.25 Note that, as was asserted above, the material changes of the nature of time occuring as we pass from the present to the past are so obvious that normally it is the converse daim (that there is no change, no real difference between the nature of the present and that of the past) that requires a proof. But, as we noted from the very beginning of this study, the fact that in general relativity theory nothing 24Novissima Verbe concerning Copernicus, see J. J. Szczeciniarz, Copernic et la Révolution Copernicienne, Paris, i998.

25As far as we know. A very interesting consideration, which stimulated our approach, is due to M. Dummet, 'A defense of Mc Taggart's proof of the unreality of time ', Philosophical Rcview, 69, (1960), pp. 497-504. It appears, however, that M. Dummet did flot deduce ail the consequences of his remarks. allows to express this differentiation, has led some to conclude, having in mmd the prestige of this theory, that this differentiation does flot exist "reaily", but only "psychologically" •26 Since then, a real alienation has occured: it has been forgotten that a proof of the irreality of this difference is needed. Because if relativity is incapable of expressing this difference, this does not mean that this difference does flot exist. And if nothing in relativity theory aflows to define this difference, this does flot mean the existence of the latter is in contradiction with the theory. The same can be said of the classical Newtonian theory. The changes are observational and local: they can only be observed where something changes and where there is an observer.

The argument according to which a difference in the nature of the present and the past is incompatible with relativity theory because of the simultaneity that it would allegedly imply was refuted above (see (vii)). This argument is like claiming that the fact that we can observe would allow us to define a universal observability and thus simultaneity. And the argument of the incornpatibility with the symmetry of the laws of physics now turns in favour of asyrnrnetry (see (iii), (iv), and (viii)); it would incidentally be necessary that ail the laws be symmetric in order to make the argument valid.

We must accept the fact that classical and relativistic theories, despite their excellence, do not satisfactorily explain the "nature" of tirne even in the physical (material) sense of the word. Obviously a reformulation of the classical and rela tivistic theories is necessary if we wish to integrate the difference between the nature of the present and that of the past into these theories. One may ask, nevertheless, to what extent a theory may be extended with respect to the temporal dimension: a purely theoretical approach seerns quite problematic (see (vi)).

Before examining the possible solutions and reformulations, it is appropriate to see what other major difficulties are inherent in theories, static or not, related to time.

ON TEE REAL NATURE 0F THE PRESENT AND TEE PAST

Be it in understanding a static universe or a changing one, it is difficuit to answer the following question: What does the present moment become? Refiecting on this question, we corne to a second proof of the reality of the passage of tirne.

Those who hold the static theory feel they are free not to answer this question, because for them the present does not "become". But then they must answer another question: "If there is no difference between the nature of the present and of the past (flot to mention the future), then what is the true nature of reality?". The tangible, observable one of the present or the intangible, directly unobservable, and "fantomatic" one of the past?

The idea that the present aiways remains somewhere in a "static universe", an idea that is difficuit enough to understand in the framework of a quantum mechanical universe or a universe of mechanical particles, seems simply absurd from the biological or hurnan viewpoint. General de Gaulle is not aiways somewhere with his arms raised, Caesar is not in fiight on his horse leaping over the Rubicon, Moses is flot crossing the Red Sea. The fiashbacks in a film that allow us to visualize 26Such was Carnap's position vis à vis Einstein's perplexity (see Footnote 2 above). This position is widely held by the proponents of the tenseless theor~and by cosmologists. But the differentiation is not only "psychological", it is also observational.

scenes of the past are only pictures, flot living moments of reality, and the idea of a film where ail moments would aiways be lived and perceived, endlessly, seems absurd.

Pascal's words "the agony of Christ will last to the end of the world" is very strong and certainly true in some sense, spiritually, in ever suffering humanity; but, thank God, having originated in a mystical experience, it is only an image: aside from it there is enough suffering on earth at present.

The version in which the nature of reality, even in the past, would aiways be the nature of the present thus leads to absurdities. What remains is the version in which the nature of reality would always be that of the past, non-material, intangible, directly unobservable. Even in the present. But in the presentand this is the basis of physics which could not have been possible otherwiseforces and matter are observed, they are tangible and weighty. If the nature of reality is that, immaterial and intangible, of the past, then it is consciousness alone that transforms into something material and present this "fantomatic" and potential immaterial reality, such as that of the past or of the future, it is consciousness alone that makes forces and matter observable, tangible, and weighty. This is a very idealistic and difficult position, and not only for the physicist. The universe, without our consciousness, would be a pure fiction, the masses would have no weight, matter would be devoid of consistency, there would only be a virtual world, shadows ruled by numbers, a universe that would not be. Consciousness, on the other hand, would dominate and be the foundation of the universe.

Once again this would be a version in which consciousness is like a lamp wan dering around a fictional universe, calling it up with the light of reality. But now consciousness not only observes changes, it creates reality. From the point of view of the theories that regard the changes created by consciousness as illusions, we have arrived at a situation that is much worse than the one that was refused from the outset: under the hypothesis of an unchanging universe and of the same nature as in the past, consciousness, creating reality, would play an overwhelming role. The natural version is then, one must face it, much simpler: the world is real and material independently of consciousness, the past, on the contrary, exists only in the consciousness, which observes the change from the present to the past.

-V

The solutions for which theAiniverse is "in the present" or aiways ~1 L~L1

3j-~-~-"in the past" within the framêwork of a static universe theory, for which there is no essential difference between the present and the past, these solutions are impossible.

A third type of reality, a neutral reality without any present or past, would raise the same problems related to observation, and other problems as well. The conclusion is clear: the nature of the present and that of the past are different as required by observation, the change from the present to the past "in time" is indeed real. This, let us say once aga&n, does not contradict the relativity theory of space time; the latter theory does not explain such a change, no more than does the classical theory, of which it is the heir concerning this point. The variable t ranges over the continuous set R, which remains insensitive to any changes of reality what soever.

Yet there certainly is a change in the nature of reality as we pass from the present to the past (and similarly, from the future to the present); reality cannot always be like the present, or aiways like the past, or always something uniformly.

But then comes the really crucial question: What is the motor of this change? By what operation, what force, does the unreal future become material in the present/ only to fade into the immaterial past? Time is flot a force. We can then think of the force of creation, i.e., that of the expanding universe, the force of its deployment. Time would be nothing but the expansion of different states of matter.

We conclude this section by an argument that clearly reveals the nature of the past, an argument that is undoubtedly flot new, but vividly demonstrates the irre ality of its nature.

So, concerning the past of the universe until time to (that anyone may choose as he desires, eventually choosing the present), we may suppose that this past has neyer really existed, but that the universe was created at time to, with everything on earth and in the skies as it was at time to, with ruins, books, photos, and, in our brain, memories and descriptions of a past that neyer was.

In particular, within the contemporary cosmological theory, we may consider that the theory of the Big Bang is a causal discourse which explains, in a fairly satisfactory way, the universe as it lies before us, but a discourse which, except for that point, corresponds to nothing, at least to nothing real: the universe has just been created. Or perhaps in a more troubling way: the universe was created at the moment man (or consciousness) first appeared.

Neither physically nor logically can this argument be refuted.

PARTIAL TECHNICAL SOLUTIONS

We briefly consider some solutions of technical character, partial solutions, but perhaps not devoid of interest, before trying to study the more fundamental aspects. 1) A density of reality. Concerning the distinction between the reality of the present and that of the past and future, one cân introduce a notion of density of re ality, or density of the present, at the point x around the time to. Remaining within the simplest physical framework, in which t ranges in R, we consider something of the form

D~0(t) =
where k is a constant depending on z and on to, and D being defined only for t ~to. We could define a density with an even faster decrease for t < to. The idea is that the density in to is maximal for t = to, decreases rapidly towards the future (t > to) and even more rapidly (perhaps simply being zero) in the past (t <t0). This density is then a multiplicative weight factor for any force or any other physical entity at (z0, t) at future or previous moments: if f~are forces at times t, additive forces, then at time t we have the resultant ~D~f~. Thus in a discrete change of the state of matter from to to t1, the state at time t0 stili has a certain presence at time t1 (t1 > to); thus there would be an instantaneous indeterminacy between two near states, but this indeterminacy would rapidly decrease. We can also consider an interaction of forces from the past and the future around (z, to), within the limits determined by the weight which (fortunately) tends to zero. Perhaps we should consider a weight function which is identically zero starting from a certain later (or earlier) moment; otherwise there would be an "eternal memory" of the state at time to in the future (or in the past).

This density of the present would be interesting to state in quantum mechanics. The constant k certainly depends on the speed of light and eventually on the masses present at x (time is of course local time at z). Such a function would certainly be related to the biological and neuronal domain, in particular with the impression of persistance, even if fugitive, of the present moment.

2) Time of dimension two. A general notion that is naturally introduced in considerations of time is flot that of a point z0 at time t, but rather that of zo at time t0 observed from z at time t, which we denote O(xo, t0; z, t). Assuming that the point is fixed, z = zo, we can write O(t0; t): I observe to at time t. The present moments are then defined as O(t; t). This suggests, more generally, that the approach in which there would be two time parameters, following Gôdel,, Feynman, ~r Hawking is perhaps flot as artificial as it might seem at first glance. The density of reality D defined above has two time variables, one assuming real discrete values to, t1, ... corresponding to real physical states, while the second one, t, ranges continuously over a theoretical measure (e.g. the reai numbers); we thus obtain a rather refined technical to o J

III. A REALISTIC AND DISCRETE THEORY 0F TIME

We conclude this study by proposing a radically different approach to the ques tions relating to time. The problems discussed above are given a natural solution in the framework of our theory.

First let us note that from the most realistic point of view only the present of observation is real, the past is mernory, consciousness, and discourse, the future, more problematic, is only in our discourse, supported by some laws that we observe (in the present).

Then let us note that time does flot appear for us per se, as a substance, but rather as a possibility to express the changes in the material world that we observe. In that sense we can say that time does not exist, and is only a possibility of expressing change in material data.

Let us also recall axiom (A1), which asserts that there is no infinity in the observable domain, and axiom (A2), which says that the present is not qualifiable in physics (contemporary physics), but poses general problems related to sernantics (see (vi) above).

Finally, as at the beginning of this study, we distinguish the level of the real universe and the level of consciousness, the latter including thought.27

The principles that follow result from these rernarks.

(1) The real universe, given by observation, is in the present and only in the present. The present is a state of the observed universe.

(2) The past and the future are only in consciousness and thought.

(3) There is no time that passes in the real world because the real world is always in the present: time is not a dimension of the universe. There are only changes in the configurations of the present, that is in the configurations of the observed universe.

At first glance, there is nothing particularly new in thêse principles; and the clas sical objection concerning changes cornes naturally: how can one express changes 2TThat consciousness by its material support also belongs to the material universe is of no consequence here. One may consider this second level as the cerebral encoding of the first, an encoding of which consciousness gives a representation. without a time parameter? But such a parameter is flot necessary if we have a no tion of minimal change. A notion that essentially results from axiom (A1), which implies a notion of quanta of change. Let us explain this in more detail.

In a bounded domain P supplied with a metric, we observe objects (in fact ele mentary partic .€ies) m1, . . . , m,~, characterized by numerical data Phk and pairwise distances c5,~in P. Such data constitute a state of the domain P denoted by P(m1,.. .,mn;phk,6jj), also called a configuration of the present in P. These data in the domain change so that we have different configurations. For the sanie objects we shail have It is clear that as long as there is no change in P, there is no tirne. Axiom (A1 )28 implies that there is only a finite number of configurations in a bounded P. There is therefore a minimal change, defined as the smallest possible change in the numerical data. We can take the smallest change in the distances c5~j, i.e., p = inf fr5~j, following the principle that any change involves motion and thus is the resuit of spatial change.29 This minimal change p in P gives the unit of measure for any change in P by virtue of the principle of least action (littie changes precede larger ones) and allows to define a discrete time in P, a time whose minimal unit is precisely p.

Nothing happens in between a state and the state resulting from the previous one by a minimal change p, there is no time in between the two states. The minimal change defined in space yields the unit of time. Recali that any measure of time is space-like (rotation of the Earth, recurring atomic vibration). Time is therefore discrete. Duration in P is counted by using the unit p.

If P1 C P2; we obviously have ~' ~P2 (where p• is the minimal change in P~): smaller changes may occur outside P1 in P2. From axiom (A1) and a homogeneity condition for the universe in the observable world (which says that fundamental data of the universe do flot change when space increases in size) it follows, or we can accept axiomatically, that there exists a minimal change for the entire universe (but depending on the observer).

Specifically, the observable domains are those of elementary particules and the minimal change (the fastest one) is of the order of Planck's constant p = which yields, for time counted with respect to the speed of light, a value in seconds of the order of ~This minimum, of course, is not directly measurable, it is a quantum of change in the universe. Observation itself being limited by the speed of light, no smaller quantum can be discerned. The measurement of such a quantum, as any measurement, depends on the conditions, in particular on the motion of the observer. But there is no time per se, only the minimal spatial measure p of a photon by means of which any event is measured, this measurement being expressed as a length or "duration" rp (where r is, for example, some rational number).

To observe a motion, i.e., a change, introduces in the domain of observation, a minimal change eventually smaller than those that had occured there before the 28Eventually made more precise. Here we only present the general ideas. 29A change of state of a particle (for instance, of its spin) is the result of an interaction, hence of a motion (involving a photon, for example). observation of this motion. Thus, if in some part of the universe, there were no photons and hence the minimal change was long, the arrivai of photons would create a shorter minimal change and so a greater density of time: more things couid then be going on there. But in practice there is no observation without light and hence observation itself already gives the minimum of definable change.

COMMENTARY

In our approach, which, as one can see, is simple and realistic, but presupposes a rather sophisticated physicai theory that aiiows to specify di~rete processes and rely on quantum physics, time does not have a dimension, and is a secondary notion. There are only changes of present states measured in terms of a minimal spatial change in the dornain of observation. The universe is always in the present; the problem of characterizing the present then disappears of its own accord: the present is the obserued state of the universe. Each present moment is given by a certain configuration of objects (elementary particles). As to the question: "What does the present moment become?", the answer here is quite clear; it does not become, it is is only at the moment when it is observed. On the other hand, the impression of passage from the present to the past is flot an "illusion of consciousness", since consciousness is involved, but the observation of a reality which has changed: the awareness of the real and fundamental difference between a tangible, immediately observable physical reality and a memory, i.e., a coding in the brain and its inner representation in our consciousness. The past is only in the consciousness, it is the persistance of a coding of the present in the consciousness. As to the future, if it is not simply conceived by conditioned refiexes .~4 it is just a part of our thought process. This theory of discrete time as expressed in terms of minimal spatial change could be efficiently supplemented by the density function~J) of the present introdùced above.

Concerning the arrow of time, the situation is then as follows. The minimal change produced by a photon and any minimal spatial change in a configuration of particles must in principle be reversible: we do flot see why it would flot be. But this is true only ver-y locally: a sequence of such changes is not necessarily inversible. We cannot find out how long an electron has been moving around the nucleus, the examples considered in (iii)-(v) above, in particular those involving gravitation, in the case of small distances can be carried over to the quantum level. This, so to speak, if we remain on the level of observability from the outside.

But there is also, in our theory without time, the passage to the inner level of consciousness. This passage is from reality to consciousness: there is certainiy no symmetry between the two. Apart from a local reversibility (apparently problem atic), the idea of reversibility of time, in our opinion already illusory in ordinary physics, has no meaning in a theory without time.

Time is not of the nature of a une, there are no time lines, especiai.ly continuous ones. Such a representation, which is operational up to a point, exists only in theory, is an object of thought.

The problems raised by existing theories of time, evolutionary or not, are thus ail resoived. It remains to reformulate current quantum and gravitational theories within this "timeless" framework.

It is true that this approach owes its coherence to the explicit introduction of the fact of consciousness. Explicit in that it concerns the past and the distinction between the perceptive consciousness of the present and the inner one, of the past: it suffices to formally distinguish two levels of observation, or simpiy the level of reality and that of consciousness. But there is no observation, and ail the more no theory, without consciousness, so that that there is nothing extraordinary in the explicitation of levels of consciousness. Failing to do that would lead to confusing real data with theory, since the latter cannot express itself by observation alone and must appeal to inner consciousness. So we readily introduce consciousness, with the honors that we owe it for ail the joys, including that of physics without time, that it has given to us.
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