Bernard Guy 
email: guy@emse.fr
  
Are there relativistic effects (in the sense of the relativity theory) in the perception of time? Elements for interpreting the experiments of Caruso et al. (2013)
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We give some indication on how we understand the experiments by Caruso et al. (2013: Psychological Science, 24 (4), 530-536). The human subject estimates a greater proximity for future events, compared to past events at the same temporal distance, if he himself is in motion. This result is discussed in the light of our understanding of space and time, defined only by comparing movements to movements: the perception of time amounts to comparing internal invisible neural movements with visible external movements. We assume that, in the course of our education, the standard internal time has been calibrated in relation to a standard external movement. So that everything happens as if the image of time passing, of future coming, actually refers to the progress of events that arrive at us in space at a certain speed c, that by "education" we take constant (e.g. the walking of a "standard" man; we take the notation c, it is not the speed of light). We then conceive (cf. the experiments of Caruso et al.) that, if the human subject is in motion at the speed v, or if he experiences, in one way or another, a motion at the speed v, while he continues to declare that the future is coming towards him at the same speed c, there is a relativistic effect in the flow of his time t' in comparison with the flow t when he is at rest. If, through experiments, we can measure the new t' in relation to t, as a function of v, then we can determine the value of c by using the factor gamma(v/c) of the Lorentz transformation (theory of relativity); the conceptual structure is the same.

For [START_REF] Caruso | The temporal Doppler effect: when the future feels closer than the past[END_REF], the subjective experience of movement in time is analogous to the physical experience of movement in space. In the cited article, instead of the word analogous, we also find the word similar; we also find expressions such as "movement in space is a metaphor for movement in time". The authors' conclusion is drawn from experiments in which human subjects were asked to express their semi-quantitative estimate of distances in time by taking into account the fact they were moving in space (or that they saw movements scrolling on a screen).

These experiments are very interesting, we would just like to propose here, in a preliminary way, our understanding of the results expressed in terms of analogy, and to indicate briefly which experiments could be considered to support our understanding. So we will say: no, it is not a question of analogy, similarity or metaphor: time is indeed "spatial", time indeed refers to a movement, or to movements, in space. When it comes to space and time, we are simply comparing movements to movements [START_REF] Guy | Time and space are the same stuff[END_REF](Guy, , 2019a)). The (internal) perception of time comes to comparing invisible internal neural movements and visible external movements. There can be many movements to compare with each other, leading to a multiplicity of times. We make the assumption that the standard internal time (i.e. the most frequent, or social, time, among the multiplicity of times that we can define) has been calibrated during education in relation to a standard external movement. So that everything happens as if the image of time passing, of the future coming, actually refers to the progress of events that come to meet us in space at a certain speed c, that by "education" we take constant: like for instance that of the walking of a "standard" man (we take the notation c, but it is not the speed of light).

We then conceive (cf. the experiments of Caruso et al.), if the subject is in motion at the speed v, or if he experiences in one way or another a motion at the speed v, while he continues to declare that the future is coming towards him, i.e. that time is passing, at the same speed c, that there is a relativistic effect in the flow of his time t' compared to the flow t when he is at rest, or for motionless observers. If, thanks to some experiments, we manage to measure the new t' in relation to t, as a function of v, then we can determine the value of c; this may be done by using the factor t'/t = γ(v/c) of the Lorentz transformation (theory of relativity); the conceptual structure is the same. We have made the hypothesis that the subject continues to declare a constant "speed of time", whatever his own state of motion: this speed is incorporated in him by his education. The situation is the same for Jules Verne's hero, Phileas Fogg, who travels around the world: he continues to declare that the apparent movement of the sun in the sky indicates to him the passage of days, as if each day always had the same duration1 .

In our work (see for example [START_REF] Guy | Comparing age and ageing of two twins (theory of relativity[END_REF]Guy, , 2019b) ) we have shown that several functions for the γ(v/c) factor could be considered, depending on the relative movements, in one direction or the other, of the human subject and of the mobile marker defining time (whereas it does not change for standard Lorentz transformation). This corresponds to the future coming in one direction or the other. We don't go into details.

The above considerations are speculative: they seem to indicate, subject to future investigations, that psychological time, which varies with motion, is, apparently surprisingly, qualitatively close to that of relativity. Experiments will have to be made to ensure all this.

The question to be asked for different types of researches bearing on the subject's movement (in ordinary life, sport, etc.): does the subject's movement at different speeds alter his internal perception of time, in what ratio according to speed, etc.2 ?

In these situations the subject does not declare that the speed of the time-mobile is variable; the change is therefore transferred to time and space themselves, as in relativity theory. In the case of the sun, the subject, whatever his journey, always trusts the star of the day. In the case of the "future" progressing towards him, the subject has no external gauge to modify his judgement in relation to his internal calibre incoporated by his education (he always decides that the apparent movement of the sun is at the same speed c).

Further complicating the research, one may wonder if the lateral mobility of the body caused by the movements of the arms (without an advance of the centre of gravity) plays a role (cf. our proposals involving an angle between the subject's movement and that of the time-mobile, Guy, 2019b)?
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