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Abstract

Our intention is to offer a “map” of the different approaches to the clock paradox manifested over its history, outlining and categorizing both its typical interpretations and the ontological and epistemological commitments hidden behind these interpretations. In doing this, we distinguish five typical approaches to the paradox: 1. the mathematical-Platonic approach; 2. the Lorentzian-Machian solution; 3. the instrumental- agnostic  interpretation; 4. the radical relativistic interpretation; 5. the conventionalist approach.  It is argued that the five categories are based on different notions of physical reality, determined by different epistemological and ontological commitments.  While on the surface there is a common scientific framework (relativity theory) in which the clock paradox and the problem of asymmetric aging are discussed and it seems that the debate takes place within physics, in reality the different opinions follow from pre-physical, philosophical assumptions.  Relativity theory (both special and general) leaves the door open for a great number of possible worlds and the treatment of the clock paradox considerably depends on which of them is tacitly or consciously assumed.  The debate is therefore rather of a philosophical than physical nature, and this is the reason why the issue of the clock paradox cannot be settled.  

1. Introduction

The clock- (or twin-) paradox of the theory of relativity is considered by the community of physicists as a pseudo-paradox which can be easily resolved in the framework of the relativity theory, or, which does not even need a resolution since it is based on misunderstanding. This point of view is also shared by a great number of philosophers who are otherwise open toward the interpretational problems of relativity theory and ready for the critical discussion of the philosophical foundations of the theory. Nevertheless, the debates on the paradox remain unsettled even today, and a whole library could be filled with the essays written on the topic over the nearly one hundred years since the first presentation of the paradox by Langevin
 and the answer given to it by Einstein
. The long history of the paradox is characterized by two contradictory opinions: on the one hand, there are assertions of its pseudo-character; on the other hand, we encounter its continuous restatement and reformulation. Even a fleeting glance at this peculiar history will suggest to a philosopher of science that here, we are most probably facing a typical and true paradox that concerns the most fundamental (tacit or conscious) assumptions of the theory.  

The aim of this paper is not to present new arguments concerning the genuine or bogus character of the clock paradox, elaborate a new approach to it, or make a new discovery. Rather, our intention is to offer a “map” of the different approaches manifested over its history, outlining and categorizing both its typical interpretations and the ontological and epistemological commitments hidden behind these interpretations.

2. The three levels of the paradox

However, before doing so, we should give a brief outline of the structure of the paradox.  In an earlier study on the paradox (which I also presented at a PIRT conference in London
), I distinguished three levels of the paradox, emphasizing that the actual problem it involves will beome visible only at the third, and deepest level. 

2.1. The trivial level

In the abovementioned paper I called the classical formulation of the paradox its  trivial level. As is well known, in this formulation we face a contradiction that follows from the assumed symmetry of the clocks. According to the logic of this level, the relativity of motion does not allow us to distinguish between the travelling clock and the one at rest: not only the clock staying on the Earth but also the travelling one may be chosen as a reference system, and if we adopt the latter option, the clock staying on the Earth will appear to travel.  Consequently, when after the journey the two clocks meet in the same reference system again, each will be found to be both losing and gaining time in respect of the other, which is, of course, a downright contradiction. 

2.2. The Einsteinian level

Einstein answers the trivial level of the paradox by emphasizing that in reality the physical statuses of the two clocks are not symmetrical: the travelling clock experiences changing inertial or (if its system is chosen to be the reference system) gravitational forces, so only the clock on the Earth has a geodesic world line in Minkowskian space-time and, therefore, it is the former that will retard after its return independently of the chosen reference system. However, while Einstein refers to the non-geodesic world line of the travelling clock in order to state the asymmetry of the clocks, he definitely rejects the view that this world line is the cause of the retardation and emphasizes that physics has to find physical causes. His point of view is based on the conviction that Minkowskian space-time with its world lines is merely a description of real physical events and, therefore, cannot function as a cause. He clearly sees that the resolution of the contradiction appearing at the trivial level of the paradox does not entail the complete resolution of the paradox itself. He recognizes that the question regarding the origin of the inertial effects remains open and (at least in his paper on the clock paradox) he opts for a Machian solution of the problem.
 

Although it remains unrecognised by university physics, Einstein’s chief merit regarding the discussion of the paradox lies in his reference to the inertial forces which makes clear that we should first establish which system experiences these forces and only then, in the light of this information, can we attribute the non-geodesic world line to one of the clocks, and not vice versa. The question which needs an answer is exactly the question why it is the travelling clock that undergoes inertial effects and has a non-geodesic world line, and not the Earths and the other clock on it. Therefore the explanation of the asymmetry of the clocks by a simple reference to the non-geodesic world line is a typical case of begging the question.  

2.3. Dingle’s level: the question concerning the ontological status of relativistic effects

At this point we can take a step forward to a deeper level. If we accept that the asymmetric behaviour of the clocks is caused by inertial effects (or at least the asymmetry is somehow connected with these effects) then we tacitly postulate a physical relation between inertia and the rates of the clocks. However, this will mean that inertial and non-inertial systems differ, which is a challenge to the principle of general relativity. Furthermore, since retardation effects also arise regarding two relatively moving inertial systems, if we accept the influence of non-inertial motion on the rate of the clocks, we will have two kinds of retardation: one arising as a real physical change caused by inertial effects, and another as a ‘normal’ relativistic retardation predicted by the relativity theory between two inertial systems in relative motion. It is easy to see, however, that the postulation of these two factors in the retardation of the clocks restricts the principle of relativity since it amounts to favouring a special class of physical phenomena (the kind of retardation assumed to be caused by inertial effects) as more real than usual relativistic phenomena. 

Herbert Dingle proposed an approach different from Einstein’s. He argued that in a genuine theory of the relativity relativistic effects had to be apparent effects.
  Thus in his  interpretation the symmetry of the clocks reappears, but he prevents the contradiction implicated by this symmetry at the trivial level by rejecting the prediction following from the mathematical formalism of the theory. Although his approach remains a stumbling block for a great number of physicists and philosophers of physics, it is a sound point of view since (as was already clear at the Einsteinian level of the paradox) the symmetry or the asymmetry of the clocks depends not on the mathematical formalism but on independent physical information and/or conceptual considerations: the way in which the mathematical formalism is applied to the paradox depends on whether we postulate the symmetry or the asymmetry of the clocks.  His notion of the apparent character of relativistic effects involves the rejection of the assumed influence of inertial effects on the rate of the clocks suggested by Einstein, as well as the rejection of the explanation of the asymmetry by the non-geodesic world line of the travelling clock in inertial systems.  

Dingle’s approach addresses a new problem which is already present but does not appear explicitly in the Einsteinian discussion of the paradox: the question of the ontological nature of relativistic effects.  He answers this question by translating the term “relativistic” into “apparent” and by this he defines a possible world in which the relativistic effects are characterized with complete symmetry, but the contradiction following from this symmetry at the first level of the paradox is also prevented by restricting the validity of the mathematical formalism of the theory.  Of course, it is not necessary to accept his answer.  However, it should be recognised that his approach indicates that the focal point of the paradox is the ontological status of relativistic phenomena. 

3. The basic interpretations of the clock paradox

The basic interpretations of the clock paradox can be characterised by the answers given to the questions formulated at the second and third levels of the paradox.

We distinguish five typical approaches to the paradox: 

1. the mathematical-Platonic approach;

2. the Lorentzian-Machian solution;
3. the instrumental-agnostic  interpretation;
4. the radical relativistic interpretation;
5. the conventionalist approach.
1. According to the mathematical-Platonic approach the clock paradox is a pseudo-paradox since asymmetric aging not only follows without contradiction from Einstein’s theory, but it is also explained by the difference between the world paths of the travelling clock and the one at rest. This approach may be characterized as mathematical-Platonic since it refers to the mathematics of the relativity theory and identifies the cause of asymmetric aging in the mathematical structure of space-time, attributing to this space-time a higher ontological reality than that of the empirical-sensual world. In the words of Balashov and Janssen, two representatives of this view,  the “geometrical structure is the explanans”
  and this is the notion of relativity theory which is criticized by Harvey Brown’s  recently published excellent book (especially in its chapter: „Minkowski Space-Time: the Cart or the Horse?”)
 and by Bell’s considerably earlier paper “How Teach Relativity”
.

2. The second category involves a large bundle of various approaches which assume a physical background field as the cause of asymmetric aging. These approaches can be grouped into three subcategories or subclasses.

The first subclass has a lot in common with the views characterized under the first category as it explains asymmetric aging by postulating some kind of physical field corresponding directly to the mathematical space-time of relativity theory and, as a consequence, refers to the same mathematical structures and calculations as the former. However, since there is a conscious differentiation between the abstract mathematical formalism and the postulated physical background, in this approach the relation between the theoretical-mathematical constructions and the background space may be addressed in a way which is impossible or meaningless in the framework of the mathematical-Platonic approach.

Under the second subclass we subsume the Machian approaches wherein the background space is determined by the average distribution of the cosmic matter, while the third subclass is populated by the Lorentzian theories that postulate ether or an ether-like entity as the background of the physical world.  

3. The third category consists of the instrumentalist views according to which relativity theory is no more than a successful tool to make predictions regarding the behaviour of the physical world. These views suppose Einstein’s theory to generate successful predictions rather than discover causes or explain physical things, and surmise that the clock paradox arises when we misunderstand the nature of the theory and, not content with its successful predictions, also expect it to provide us with causes and explanations. According to this view, while Einstein’s theory predicts asymmetric aging without contradiction, it does not and should not explain this effect, let alone put forward its cause: in this respect, the theory leaves us in ignorance (and, by virtue of its instrumental nature, it does so necessarily).

4. According to the radical relativistic approach, there is no asymmetric aging since relativistic effects are apparent. So after the journey the two clocks will show the same time: all calculations that yield other results are based on erroneous physical assumptions inconsistent with a genuine theory of relativity. 

5. The approaches in the fifth category refer to the conventional character of the notion of time in the relativity theory and argue that asymmetric aging and the paradox arising with respect to it follow from the special definition of time introduced by Einstein. Both as an argument for the conventional nature of time and as a solution to the paradox, they propose new temporal definitions without changing the formal structure of the relativity theory, and thus demonstrate that the mathematical-formal structure of a physical theory leaves wide scope for interpretation and conceptual reformulation. (A special case of the thesis of underdetermination by Duhem and Quine.)

3. Reflection on the terms “relative”, “real” and “apparent”, or, where is the cube?

While at first sight the matter at issue seems to concern physics and the paradox seems to require a physical resolution, at a more profound level it is easy to see that its different perceptions and treatments arise out of diverse (tacit or conscious) ontological and epistemological assumptions. Hence each basic kind of approach is justified, coherent and irrefutable within its own conceptual framework and its pre-physical commitment. Furthermore, by virtue of their diverse ontological commitments, these approaches create a set of physically possible worlds, so we might legitimately say, following Thomas Kuhn, that the representatives of different approaches live in different worlds. (That is, it is the ontological element of their Kuhnian disciplinary matrix, wherein they differ.)

Furthermore, as indicated when presenting the third level of the paradox, the ontological commitments implied by the different approaches are strongly connected with the question of the ontological status of the well known relativistic effects predicted by the mathematical formalism of Einstein’s theory. 

In traditional ontologies there are two basics concepts: “real” and “apparent” which, of course, are not unproblematic. However, while the observed shape of a cube varies depending on the perspective of the observer, and there is no perspective wherein the real shape could be observed, it is still generally accepted that it does have a real shape. Apart from the philosophical tradition based on Berkeley, the existence of the definite, real shape of the cube is not questioned, and the various shapes appearing in different perspectives are considered as apparent.  

On the other hand, the case of the relativistic effects is not so simple as that of the cube with its real and apparent shapes. If we are committed to a Machian or Lorentzian background space, then we will have a privileged  reference system, and the effects of the special theory of relativity observed from the point of view  of this privileged system will be real physical changes, while generally they will be a superposition of real and apparent elements. Radical relativistic approaches adopt another ontology whereby relativistic effects are not mixed but definitely apparent. What these diverse approaches have in common is that they translate the term “relativistic” into the terms “real” and “apparent” as used in traditional ontology and everyday language.

However, the case with the mathematical-Platonic approach and a possible word with an Einsteinian ether (that is, an ether of highly mathematical character, deprived of all physical characteristics of the traditional ether) 
 is different. As rods and clocks of two inertial systems in relative motion mutually contract and slow down from the point of view of the other system and the classical theory of relativity forbids us to privilege either of them, we should either attribute to them equal reality or consider them equally apparent. However, while the acceptance of the latter solution would amount to the acceptance of radical relativistic ontology, the first would induce contradiction. Therefore, within the frameworks of these two approaches (that is the mathematical-Platonic approach and that which postulates an Einsteinian ether as background physical field) the relativistic effects cannot be interpreted otherwise than as a third quality between “real” and “apparent”, which is neither real nor apparent but “relatively real”.  And this is also true regarding the story of the journey of the clock that has an infinite number of narratives depending on the chosen reference system. As these narratives mutually exclude each other, they cannot be all real in the traditional sense. However, neither can they be assumed to be purely apparent, nor considered to be of a “mixture” of  “apparent” and “real”, since the choice of one of these cases would amount accepting a radical relativistic or a Machian-Lorentzian ontology, respectively.

The introduction of the quality “radically real” as an independent ontological quality between the traditional poles of “real” and “apparent” amounts to claiming that a cube which shows various shapes depending on the perspective of the observer has no genuine, real shape: only the observed shapes exits.  Whether we insist that the background space is an Einsteinian field in the sense that it is deprived of all physical characteristics
 or whether we follow a mathematical-Platonic approach, the story of the journey of the clock will be similar to a cube without a real shape: we will have an infinite set of narratives which describe the journey from the various perspectives of the various possible reference systems, but will not have a true, real story. Consequently, the different stories cannot be the appearances of a real story since such a story will not exist. There will be no reason to characterize them as apparent. 

But is the assumption of the existence of such a cube reasonable? Is it reasonable to postulate a reality which has no real form, but an infinite number of “relatively real” forms which are not even apparent? It is reasonable to assume that the journey of the clock has only a set of relatively real stories but does not have a real one?  

Here we face a new ontology, which beyond “absolute real” (that is, real without any restriction) and “apparently real” offers a third term of “relatively real”. In this ontology there are entities and events whose ontological status is the same as that of our hypothetical and absurd cube without a real shape.  But should we abandon the classical, intelligible ontological terms in the light of a mathematically shaped physical theory? And can a third term be inserted between the terms “real” and “apparent” in an intelligent way at all? Heidegger clearly addressed  this problem regarding the time concept introduced by the relativity theory and his answer was also clear: scientific concepts  (such as Einstein’s  concepts of time) should be enlightened and interpreted in the framework of philosophical ontology, on the basis of the ontological concepts of fundamental ontology, and not vice versa.

The Hungarian philosopher and physicist, Melchior Palagyi claims that in the Einsteinian theory of the relativity the unity of the world disappears and is substituted by an infinite set of abstract reference systems.
 Now, in our analysis, this break up of the world appears in the infinite set of relativistic but yet not apparent histories of the journey and in the exclusion of a definite, absolute real, true history.  Will it be a reasonable decision to accept such an ontology?  Should we accept that the cube does not have a real shape? Or is the mathematical-Platonic  approach right, and in real ontology nothing happens, there is no change there, no travel, no history, since only four dimensional space-time exists wherein there is no time but everything is eternal and changeless as in Parmenides’sphere? Are any histories (so the infinite number of the relative histories of the clock’s journey) only shadows of an absolute, real, timeless and eternal four-dimensional space-time? Is the real cube with its real shape (that is, physical reality in its real, timeless, unchanged form) in a third world and are we unable to grasp its shape by means of our traditional ontology because what we observe are only the shadows of this genuine reality in a shadowy world? 

Conclusion

It was argued that the five categories of approach to the clock paradox are based on different notions of physical reality, determined by different epistemological and ontological commitments.  While on the surface there is a common scientific framework (relativity theory) in which the clock paradox and the problem of asymmetric aging is discussed and the debate takes place within physics, in reality the different opinions follow from pre-physical, philosophical assumptions.  Relativity theory (both special and general)  leaves the door open for a great number of possible worlds and the treatment of the clock paradox considerably depends on which of them is tacitly or consciously assumed.  The debate is therefore rather of a philosophical than physical nature, and this is the reason why the issue of the clock paradox cannot be settled.  
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