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1. Introduction

Modern physical theories are based on exo-physical and reductionistic points of view. The exo-physical point of view is implicit in the assumption that humans are able to achieve a complete description of the external world irrespectively of their interaction with the world itself. The reductionistic point of view lies in the assumption that a few simple fundamental laws, valid always and everywhere in the universe, are able to account for all the observed and predictable phenomena. Classical physics claims, in addition, the presence of objective reality with the properties directly measurable and the connections between known or unknown, but predictable events completely understandable by humans in terms of cause-effect relationships. Following these paradigms led, on the one side, to the remarkable progress in basic sciences and technology, apparent from an amazingly high level of control of natural phenomena. Yet, on the other side, it gave rise to the widespread belief of a great majority of scientists that all events are predetermined and that the experienced arrow of time is nothing but an illusion. 

The extraordinary success of Classical Mechanics since the times of Galileo, combined with the predictive power of Quantum Mechanics (small scales) and General Relativity (large scales), led most scientists to focus their efforts toward a quest for a unified theory of all known interactions, the theory which would be able to embrace in a self-consistent way both micro- and macro-phenomena. The search has been long, hard and has involved the efforts and ingenuity of many distinguished scientists all over the world for many decades: however, it has not brought definite results yet. In the meantime, a long debate about the interpretation of Quantum Mechanics has been going on, triggered by the famous paradox of Einstein, Podolsky, and Rosen [1] and sustained by the experiments of Aspect et al. [2] that eventually proved the non-locality of this theory. Three other aspects of paramount importance have emerged from this debate. First, the properties of any observed phenomenon may depend on the modality of its observation; in particular, half of information is generally lost, the fact casting serious doubts about the possibility to know the underlying reality. Second, the prediction of a phenomenon can only be made in probabilistic terms, which heavily disagrees with determinism. Finally, the description of a phenomenon (although partial) can only be made after a process of measurement, when just one particular state materializes out of a bunch of possibilities; this thus breaks the symmetry between past and future, the stronghold of classical physics as well as relativity theory.

In the light of this debate, and also due to the prolonged stalled state in the development of physics, many newly-established scientific schools across the world, representing practically all fields of science, are starting to look at the macroscopic phenomena anew. They surmise that new and more complex laws may spontaneously (and not necessarily predictable in deterministic sense) emerge from several basic laws/principles, provided that a certain level of complexity of the matter is reached. Moreover, they suspect that the exclusive use of the exo-physical point of view seems to put too serious a constraint on the knowledge potentially attainable. Since a human observer continuously interacts with the world under description, and since this interaction produces feedback modifications in both the observer and the object of observation, it seems to be reasonable to try to include in scientific theories the processes of interaction, and, therefore, prepare a way for concrete use in Science of a more objective, endo-physical point of view. 

2. Endo-physical theories and the representation of time in physics

In agreement with Otto Rössler who first discussed the concept of  “endo-physical viewpoint” [3], we will use the expression “endo-description” to mean the description of a system derived by an observer inside the system and interacting with it, whilst by “exo-description” the description made by an observer who looks at the system from outside and does not interact with it. 

The former is precisely the situation of us human beings when trying to find a description of the universe where we live. Each human being creates his/her own individual representation of the external world. Yet, in order to acquire a description meaningful for all the members of the society, one needs: a) to agree on a well defined language able to handle, with the least possible ambiguity, the unceasing exchange of information with the rest of the universe and b) to unearth the rules underlying the relations between all the observed phenomena, to be expressed in terms of this language. These two tasks are in Science accomplished by the use of, respectively, Mathematics and Theories. 

One of the most important aspects of our perception is, undoubtedly, what we normally call time. It is a feeling that everything around us transforms continuously from one state to another, this change being always from “past” to “future” in a non-reversible way. This perception is in a sharp conflict with how time is represented in physics. Current physical theories, in fact, refer to time as a linear, unstructured parameter, to be found in all fundamental equations of motion. These equations describe the evolution of physical quantities independently of the presence of the observer and generally refer to oversimplified/idealized situations, where also interaction with the rest of the universe is neglected. 

This kind of representation of time matches remarkably well with all astronomical phenomena: taking the motion of celestial bodies as a reference, humans have been able to build a time reference scale good for all everyday needs. The picture, however, does not match at all with time as we perceive it. To our senses, time is not linear, but has a very complicated structure, which may vary from person to person and even within the same person, and whose perhaps most remarkable feature is the so-called “arrow.” This means that we have the direct perception of only some events of the surrounding world, and only for a limited, but not firmly fixed duration (the present). We can certainly connect these “present” events to other events already occurred in the past, or probably occurring in the future. Our control of them is, of course, limited to the efficiency of their recalling into our memory, or to the degree of correctness of their prediction on the basis of cause-effect relationships.

We argue that we need, as first proposed by Prigogine [4], a representation of physical time which is more adherent to our perception and which includes, in particular, the irreversibility of change. This time would be an intrinsic characteristics of the universe, a universe in which sentient beings, capable of developing theories about the laws ruling the phenomena and their interplay, could emerge at a certain level of complexity in the course of evolution. Such sentient beings would, therefore, be a product of this external time, being able to perceive it and bring it to their consciousness. 

Within this framework, it becomes more natural to talk about the evolution of the universe and all its building blocks, including our theories. At early stages of the evolution of the human society, endo-descriptions are used by each individual and later on, due to the continuous exchange of information between all the individuals and the parallel improvement and expansion of the communication language and of the technological means, these descriptions become “commonly accepted views,” at a gradually higher and higher level of knowledge. Science may, in principle, arrive at a seemingly unique and generally adopted picture of the universe, but the endo-physical nature of the picture in question makes it unlikely that it is expressed in terms of a single, unified theory. It is more probable that several different theories, each valid within a certain domain where an exo-physical approximation can be applied, may finally lead to a sufficiently complete picture.

 In this sense, it is possible, as proposed by Deutsch [5], that the theories presently known, all together and independently of the sought-for unification, may already provide a good enough account of a number of laws governing the universe. Clearly, any “generally accepted view,” being necessarily an “endo-description,” has to contain, in a self-referential way, the rules of interaction between all the observers and between each of them and the “unconscious” part of the nature. 

Concerning time, the way it is “felt” by humans has, like any other aspect of the perception of natural phenomena, individual characteristics whose differences may, in principle, become gradually less pronounced in the course of the evolution. However, a definite relationship between the “external” time of physics and  the “internal” time of  our senses has inevitably to come into evidence. Psychologists, in spite of long and multifaceted experimental research activity, have not succeeded in finding any relationships between our sense of time and the linear, unstructured time of physics expressed by a simple parameter [6].  

We argue that this fact needs not necessarily be attributed to the failure of psychological research, but rather to shortcomings of the current physical theories, since they are based on the idealisation and “absolutisation” of physical phenomena. If time is illusory, as believed by many physicists, then talking of a relationship between the time of physics and that of perception does not make any sense. 

Vice versa, if the reference time exists externally to us, we should be able to relate it to the perceived time. Efforts to redefine time in physics are being made by several scientific groups. Prigogine’s time superoperator [7] is an interesting example. Another remarkable and fruitful concept, especially in the context of string theories, is that of Cantorian fractal time worked out in detail by El Naschie [8]. According to Stuckey’s pregeometric approach [9], the conventional characteristics of spacetime (continuity, dimensionality, causality, topology, etc.) are not fundamental but naturally emerging during the transition process from pregeometry toward the usual spacetime dynamics of our conventional physical

theories; it is worth noting that in this approach trans-temporal objects lose their status as fundamental entities. 

In a few recent papers, Jaroszkiewicz [10] describes a model in which time is not continuous and the universe is a fully autonomous and self-organising system, where time and consciousness are emergent phenomena not operating at the fundamental level. 

Concerning the subjective time, its study employing the basic tools of science seems to be a necessary step toward a self-consistent representation beyond the dichotomy “subjective-objective.” Moreover, incorporating a non-trivial structure of time into physics, well correlated with the observed subtleties of the perceived time, equals bringing an essential contribution to the solution of the dichotomy free will-intelligibility of nature, in favour of the former. 

3. Towards a mathematical description of the subjective time
Mathematics is the language for a communication of knowledge, universally adopted by Science. As any product of human intelligence, also mathematics undergoes a continuous evolution and, from time to time, when the necessity arises to express more complex laws, new and more abstract mathematical tools are invented. Calculus, manifolds, tensors, non-commutative geometries, etc. are all great illustrative examples of such tools, to mention a few. New mathematical concepts and structures may be simple logical extensions of the old ones, based on the same main axioms, but, in some cases, completely new principles are invoked (e.g., the origin of non-euclidean geometry). The final goal is always the need to give a precise quantitative account of the phenomena under investigation.

The mathematical description of the perception of time falls, however, into a completely different category. Here we have to cope with a phenomenon, the individual perception of change and motion, where quantification is impossible on the objective basis since it depends on the particular status of the perceiver, who is the only one to provide quasi-quantitative estimates. Physics has so far avoided entering this domain of inquiry, simply ignoring it and relegating it to the category of illusions due to our limited senses. This attitude is in a sharp contrast with that of many philosophers who, on the contrary, give vital importance to the human experience of change and motion (see, e.g., Bergson [11] for one of the most illustrative examples in this respect). 
As already stressed, it is a well-known fact that the fundamental equations of physics are time-reversible, i.e. they do not distinguish between the past and future. Moreover, the very concept of the present, the now, has no proper place in the temporal of physics at all; this holds true whether one is talking of classical physics, quantum mechanics or string theories. 

This is because physics merely quantifies the points of the time dimension, thus stripping the latter of its crucial experiential aspects. The physical time is thus a plain, quantitative mathematical abstraction and, as such, it simply cannot account for the fine structure of the subjective/perceived time. In order to capture the latter, it is, therefore, necessary to go beyond quantifying and consider a generalized mathematical concept of dimensions where a rigorous qualitative distinction between the individual elements (or, et least, between the groups of the latter) can be implemented. Saniga’s studies of the perceived time [12], including also abnormal/pathological temporal experiences as reported by people in the so-called altered states of the consciousness, are promising in this respect. They provide us with possible evidence that there are forms of psychological time dimension entirely different from what we regard as a normal one. These experiences then represent important phenomenological resources that may, when properly classified and analysed, contain valuable insight into the nature of time. An illustrative example of such a temporal dimension is provided by a specific linear, single-parametric set (the so-called pencil) of conics in a projective plane [13]. 

This set of conics is found to nicely reproduce the experienced arrow of time when the projective plane is affinized: it simply suffices to postulate that each proper conic of the pencil stands for a single temporal event and relate three distinct kinds of (proper) affine conic, viz. a hyperbola, a parabola and an ellipse, with the three different kinds of event, viz. the past, present and future, respectively. The model, albeit very simple, turns out to be useful and fertile because, in addition to the ordinary arrow, it also gives rise to a number of other, differently structured features of time dimension. These patterns emerge as a combination of two important properties of the projective plane: the way in which the plane is affinized and the character of its ground field. Already in a normal state of health there are, every now and then, aberrations of subjective time such as acceleration or deceleration of the lapse of time. Under severe mental disturbances (like those characterising serious mental psychoses, drug-induced states, trances, meditations, as well as other deep “altered” states of consciousness), these anomalies/ peculiarities become more pronounced. The flux of time may even cease completely (the sensations usually described as “time standing still,” or “suspended, arrested” time [14–16], or expand without limit (the feelings of “everlasting now, eternity” [17–20]). In some cases, time’s flow may be experienced as discontinuous, fragmented, or even reversing its direction. Finally, in most extreme cases time as dimension is transcended or, simply, non-existent (an “atemporal” state [21]). It is quite remarkable that this pencil-model and its simplest non-linear generalisation, are able to grasp, at the semi-quantitative level, many of the above-mentioned “distortions” of the subjective experience of time. There is a very serious implication this fact conveys to us. One sees that although the manifestations of psychological time are so diverse, unusual and failing to conform to any currently-accepted physical paradigm, they are accommodated by a definite algebraic geometrical pattern. Hence, any attempt to disregard these psychopathological temporal constructs as pure “hallucinatory” phenomena would simultaneously cast a doubtful eye on the very role of mathematics in our understanding of Nature. To the contrary, it is just mathematics that here plainly tells us that it is far more natural to expect all these “unusual” perceptions of time to be simply as “real” as our ordinary perception. A possible objection will most probably be raised against an anecdotal character inherent in describing the variety of psychological time’s multifaceted phenomena. Yet, we believe this to be the inevitable and the only possible way to follow in pursuit of the research on time in its qualitative aspects, bringing profit to both psychology and physics. 

We are firmly convinced with Shallis [22] that anything that shows a definite mathematical structure, whatever bizarre and counter-intuitive it may appear, deserves effort and ingenuity to be thoroughly explored and examined:  “…the fact that the experience of time is not quantifiable puts it into arena of human perceptions that are at once richer and more meaningful than those things that are merely quantifiable…The lack of quantification of temporal experiences is not something that should stand them in low stead, to be dismissed as nothing more than fleeting perceptions or as merely anecdotal; rather that lack should be seen as their strength. It is because the experience of time is not quantifiable and not subject to numerical comparison that makes it something of quality, something containing the essence of being…”
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