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Zeno's Dichotomy aporia says: "Motion is impossible, because an object in motion must reach the half-way point before it gets to the end (Telos)". In the recent philosophical literature there are several kinds of interpretations: negative and positive dialectics, atomism, radical empiricism, finitism, infinitism, indefinitism, etc. The scientific reflections on the paradoxes time to time produce different types of "resolutions" of these problems.[1] Most of these treatments use any kinds of measure concept, which can be questioned.[2] Instead of resolution, we suggest to apply Zeno's results, which can be explored by some kind of interpretation.





1. The topological interpretation of Zeno's paradoxes. One of the most important interpretations is the topological one, which was developed by Imre Tóth, philosopher and historian of mathematics[3]. He did not apply measure concepts in his explanations. The motivation for this attempt is based on the citation above presented and some remarks of Aristotle. This interpretation has two versions which represent the orientation of the motion in different ways: with Telos and without Telos. Here we shall shortly summarise the argumentation without Telos only.


	The argumentation is a recursive process. During the recursive process in every steps we have a dichotomic whole (W) divided into two (non necessary equal) parts by the half (H). Because of the orientation of the motion the two halves of the dichotomic whole are not equivalent. Let R denotes the part which is the remainder and D the interval just left behind. The process runs such a way infinitely. It is important that the thing-in-motion does not situate on each of the points of the "trajectory" of the motion (actually it is not a trajectory), because Zeno said that the thing is situated at the points H only.


	We can construct a topological interpretation without Telos, applying a quadruple to represent the orientation of the motion. If XY is the whole, which has a half, we can represent the orientation of motion (forward or backward) with a fourth sign situated in that part of whole which is behind the moving thing, signed M. So we have in every steps of recursion a quadruple: W = [X, M, H, Y] or [X, H, M, Y], representing the moving to the right or left, respectively.
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The recursion in this case:
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The topological interpretation demonstrates that in the quadruples a third sign is not always between two signs, that is the set of the whole is dense in itself.


	We can construct the set of all the dichotomies in the case of an arbitrary motion. If we take to the account the possibility of moving both to the right (r) and to the left (l) in every steps, it turns out from the construction above, that a segment HnlHnr is excluded from the heritage.
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The infinite process of exclusions leads to a topologically closed uncountable infinite set, called Cantor discontinuum. In other words: applying Zeno's argument in an infinite or transfinite recursive process it can be clearly shown that a Cantor set represents all of the possible positions of an object moving between any two points.





2. The state space interpretation of Zeno's paradoxes. We accept the results of the topological interpretation, modifying it in order to bring closer to the problems of recent physics. Zeno actually did not speak on the real position of real bodies, but about an abstract and universal object which is in motion. This means that we can adequately interpret his words as a description of the process of the construction of the state space (or phase space) of a moving body. One have to take into account the two very fundamental components of his description: a) the moving object is situated in the "points" Hn; b) it is in motion in these "points", i. e. the being-in-motion in Hn can represent the points of the Zenonian phase space. This is conform with the modern concept of state space without any quantitative aspect of being-in-motion concept.


	Including the results of the topological interpretation into this state space interpretation it can be concluded that according to the Zenonian argumentation the phase space of a mechanical motion is a fractal. Is it possible to generalise this result to the state spaces of other physical systems? Researches that deal with for example the structure of phase space of turbulent motions and chaos indicate the possibility of such kind of generalisation.





3. On the Quantum Zeno Paradox (QZP). There are many forms of the description of the QZP in the literature, we present here one of the simplest derivation, which - by our opinion - demonstrates the basic structure of the usual argumentation.


	Suppose that a quantum mechanical system in t=0 is in the |q> eigenstate with the q eigenvalue of the Q observable. Let's measure the Q observable during in a certain unit of time in moments 1/n, 2/n, ... n/n. In the sense of perturbation theory the probability of the transition of the system to the next |q'> state during the time unit equals a time independent quantity, say 2C.


	The probability that the transition has happened already in t=1/n is C(1/n)2, so the probability of the observation of |q> is P1=C/n2, if n is large enough. From here it follows that the probability that the Q has yet the value |q> at the end of the time is Pn=(1-C/n2)2. By the power of the binomial law lim (1-C/n2)n=1 if n((. In another words, if we observe Q frequently enough - say continuously - the system will remain in the state |q>.


	It can be seen from the above description for the introduction of the QZP is no need any references to the original Zeno paradox or its any interpretation, it is merely a quantum mechanical derivation. Moreover, the procedure in a certain sense is the opposite than the classical Zenonian argumentation procedure. While the latter deconstructs the continuous motion into discrete states, the QZP procedure makes a continuum from the instantaneous, separated measurement events. A further difference that the possibility of the limit transition is the main problem under scrutiny, while in the quantum version this question generally is not considered.





4. Towards a Zenonian Quantum Theory. The question arises, whether instead of the usual treatment of QZP, the topological (or state space) interpretation of classical Zeno paradoxes can be considered as the basis of a (Zenonian( quantum theory. This approach suggests the development of quantum mechanics based on fractal sets. For the construction of such a theory is should be examined among others the following problems: a.) The transition between - or the coexistence of - the continuous and discontinuous. In this respect it should be compared e.g. the structure of the Hilbert state space, the Bohmian state space and the Zenonian (fractal) state space. b.) Recently one of the main trends in the foundation of quantum mechanics is the experiments and theoretical explanations with single particles (photons, electrons, neutrons, atoms). The Zenonian state space is constructed for single particles, so it seems to be a plausible framework for these cases. c.) The relation of potentiality and actuality could be reconsidered based on the consequences of the classical Zenonian approach. There are two choices (without logical necessity): only the potential infinity exists or there is actual infinity, as well. Along this decision we can distinguish two classes of the quantum mechanical interpretations, described by Abner Shimony in this volume.
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