


The twins’ paradox: Spatiotemporal length, temporal passage, and a presentist view on spacetime

According to McCall and Lowe (2003) interpreting the twins’ paradox reconciles the A-theorist’s notion of temporal passage or flow with the special theory of relativity (SR). Miller, however, recalls that “the B-theorist never denied that there was temporal passage in some sense of the term” (Miller 2004, 204), and argues convincingly that McCall and Lowe stipulate nothing other than this B-theorist’s sense of temporal succession[footnoteRef:1]. But, as I want to show, we need in fact the A-theorist’s or even presentist’s account of temporal passage in the sense of a ‘moving now’ in order to preserve the temporal content of the twins’ paradox[footnoteRef:2]. It is essential, I think, that for a temporal understanding of the twins’ paradox proper times and coordinate times have to be combined in a way that only the presentists can cope[footnoteRef:3]. [1:  See, for example, Williams (1996), who argues that a B-theorist does not deny temporal succession in any sense of the term. A temporal B-series of events, one could say, is distinguished, somehow, from a mere timeless C-series (a sequence ordered by a transitive, anti-symmetric and irreflexive relation): The earlier-later relation is allegedly necessary and sufficient for temporal succession, while in contrast the A-theorist requires a ‘moving now’. ]  [2:  A-theories of time come in different ways. In my opinion, however, theories analogous to the ‘moving spotlight eternalism’ are contradictory in the sense of McTaggart. Therefore, I will identify “A-theory” with “presentism”. Although there are ‘dynamic’ B-theories like growing block, I will identify “B-theory” with “eternalism”, and refer the reader in this regard to Mellor (1998). ]  [3:  As it becomes clear in the following, there is a consistent timeless interpretation considering the twins’ paradox a purely proper time phenomenon. So, I want to argue for the conditioned thesis: If you are interested in a temporal interpretation of the twins’ paradox, you should be a presentist. ] 

	Following McCall and Lowe the twins’ paradox runs as follows: One of two twins (A) travels to Alpha Centauri and back, while the second twin (B) remains on earth. After her return A has aged 30 years, while B has aged 50 years. The difference in ageing is due to a difference in the states of motion: These different states of motion are illustrated by McCall and Lowe by a triangle in spacetime arguing that B inhabits only one single inertial frame, in contrast to A, who needs two different inertial frames (which makes the situation asymmetric). So far, so good; but then they claim that “the conclusion is strongly indicated that the time difference is due to differential flow rates in different frames” (McCall/Lowe 2003, 123), as if the twins’ paradox were essentially frame-dependent. On the contrary, however, one might argue that the twins’ paradox is essentially path-dependent, and not frame-dependent. There is namely a completely coordinate-free description of the phenomenon, and from that point of view the illustration with different inertial systems inhabited by the travelling twin explains nothing more, but offers only a consideration of consistency.
	The interpretation of the twins’ paradox as a purely frame-dependent issue suggests misleadingly that the different ageing has only to do with different coordinate times. But, if “time passes more slowly” for the travelling twin A, and if the difference in ageing is explained only by different inertial frames, why not the two twins exist at different coordinate times? In fact, after return, they exist at the same time – in an unproblematic sense of the term since they remain henceforth in the same state of motion. They even exist simultaneously during the whole journey, although “simultaneity” is frame-dependent. Anyway, two formerly coinciding persons (or objects) never could move through spacetime, in the sense of removing from each other in such a way that one of them could afterwards be localized ‘above’ the simultaneity class of the other – namely in hers (relative) future. Even more, it is conceptually excluded that after return the earth-bound twin B could be timelike separated from A – being localized in hers (absolute) future. And, conversely, it is not conceivable that two previously timelike separated persons (or objects) could move through spacetime in such a way that the ‘earlier one’ reaches the ‘later one’ – coinciding henceforth with it. But all these strange things should be possible, I think, if the idea of ‘time passing at different rates’ is applied to coordinate times, i.e. to frame times. NB: These things are conceptually impossible, not because ‘movement through spacetime’ is conceptually impossible. Of course, it would be McTaggart-contradictory, if we conceive of the movement through spacetime in the sense that previously unoccupied spacetime regions are filled up from time to time. Nevertheless, we can illustrate ‘motion’ in spacetime – namely motion through (coordinate-)space. Two spacelike separated persons (or objects) can ‘follow’ two intersecting worldlines, which could be meaningfully interpreted – relative to every coordinate system, qualitatively – as a spatial overrunning. By no means, however, there is any temporal analogue, i.e. a motion through (coordinate-)time or a temporal overrunning. And considering such things does not mean confounding motion through time with motion of time, as it is suggested by McCall and Lowe insisting that “the time periods themselves are unequal“ (McCall/Lowe 2003, 121). For the differential flow rates are in neither sense “inherently frame-dependent” (McCall/Lowe 2003, 123), but are due to a combination of these coordinate times with proper times.
	Other authors, however, have argued the other way around – namely, that the twins’ paradox is purely path-dependent (for example, Miller 2004). They argue that the root of the twins’ paradox is describable in a coordinate-free way. The phenomenon is allegedly explained not by different inertial frames but by different timelike curves that intersect twice. The spatiotemporal length, it is argued, between two such intersection points is path-dependent – a fact that is expressed by the different ageing of the twins. Since the concepts of “timelike curves”, “intersection points” and “spatiotemporal length” are definable in a coordinate-free way, the twins’ paradox essentially has nothing to do with different frames. In contrast to Einstein’s lightning on a train, for example, the twins’ paradox has allegedly nothing to do with the relativity of simultaneity, but follows directly from the geometrical structure of Minkowski spacetime. Following this way, Miller claims:

„Consider the case where A and B travel to some destination C, and B takes a spatial short cut. We do not infer from the fact that B arrives earlier, that he travelled faster. Similarly, twin T effectively takes a ‘temporal short cut’, travelling a shorter temporal length to reach the same direction.” (Miller 2004, 205)

So, as it seems to me, that way the temporal character of the twins’ paradox gets lost. The travelling twin simply takes a “short cut” in spacetime; proper time in this sense is nothing other than a ‘special’ (negative) spatiotemporal length – a purely geometric quantity. And it apparently does not help arguing that proper time appears not only as a (negative) spatiotemporal length but also as a strictly monotonic increasing parameter. Since, in order to have temporal succession in the B-theorist’s sense, a merely increasing parameter does not suffice. For a B-theorist’s temporal succession is conceived of a succession of a continuum of points that is ordered by the earlier-later relation. But different parameter times of persons (or objects), that exactly is what the twins’ paradox shows, does not imply that one of them exists (or, is located) at an earlier time than the other. So, if “travelling at a slower temporal rate” just is “taking a temporal short cut” – as in Miller’s interpretation of McCall and Lowe (see Miller 2004, 205) –, there is no temporal passage or flow in the B-theorist’s sense. Moreover, there is no time in the B-theorist’s sense since B-time depends crucially on the earlier-later relation. Therefore, it seems that interpreting the twins’ paradox as a purely path-dependent issue denies its temporal character.
	But, in my view, the twins’ difference in ageing is only interesting if it regards two temporally coexisting twins, i.e. two twins that exist at the same moment of B-time or, alternatively, in the same present. They, however, exist at two different moments of proper times[footnoteRef:4] and could thus only be contemporaneous in the sense of coordinate time. So, for a fully understanding of the twins’ paradox their (invariant) proper times has to be combined with their (relative) coordinate times – the phenomenon is hence path-dependent as well as frame-dependent, in the following sense: Path-dependency, i.e. difference in proper times, has only a temporal content if it is related, somehow, to frame-dependency, i.e. simultaneity in the sense of coordinate time. Without any reference to coordinate times it furthermore seems to be meaningless claiming that parameter time of the first twin increases more slowly than parameter time of the second. Instead, one must say something like this: When A has almost reached her turning point, she is simultaneous with B (in her reference frame), who has covered only one third of his path through spacetime; and when B arrives midway, he is simultaneous with A (in his reference frame), who is just arriving at her turning point. Obviously, this only fits together, if one half of A-path does not equal one half of B-path. Thus, the two different spatiotemporal lengths of the two different paths through spacetime appear as two different time intervals only due to reference to coordinate times. The lesson of the twins’ paradox is: Proper time has a temporal content only dependent on frame time.   [4:  Namely, after return, twin A exists at tα = 30 and twin B at tβ = 50, with α and β the two worldlines, respectively. ] 

	Who is interested in temporal passage or flow – in the B-theorist’s or A-theorist’s sense, alike – should, therefore, interpret the twins’ paradox as a combined phenomenon of path-dependence and frame-dependence. But: Mathematically and physically the concept of proper time seems to be more fundamental than coordinate time, while philosophically (the temporal content of) proper time, conversely, depends on coordinate time. Mathematically, proper time is conceived of an intrinsic quantity of the geometrical structure of Minkowski spacetime; it is something invariant, while coordinate time depends on a somehow arbitrary coordinatization of spacetime. Physically, it is conceived of a local property that seems to be more fundamental than global coordinate time. For example, Einstein defines simultaneity of spacelike separated events over coincidence which is a local property like proper time. Philosophy, on the other hand, treats apparently coordinate times more fundamental than proper times, claiming that spacetime in itself, i.e. described in a coordinate-free way, has no temporal content – namely, so described, spacetime points are not ordered by the earlier-later relation (not even along a timelike curve). There is hence a tension between philosophy and physics.
	At this point, I think, the difference in understanding of temporal succession comes into play. A-theoretically, I want to argue, the tension eases. According to the B-theory of time, temporal succession is a continuum of points, ordered by the earlier-later relation. The earlier-later relation is, B-theoretically, the fundamental primitive concept and, therefore, applied to the relativistic context, coordinate time should be more fundamental than proper time, in contrast to SR. Since difference in proper times, as it is shown by the twins’ paradox, does not imply that one person (or object) is earlier (or later) than the other one[footnoteRef:5]. A-theoretically, however, temporal succession is conceived of a continuum of one single point, the ‘moving now’, i.e. succession should be punctual, according to the A-theorists[footnoteRef:6]. Putting this way, an ever-changing present is the fundamental primitive concept and the structuring of time into past-present-future or, alternatively, into earlier-later is derivative from that continuously ‘moving’ point. Applied to the relativistic context, one could say that a punctual increasing parameter mirrors an ever-changing present, the fundamental concept of time, while coordinate time mirrors the structuring of time into past-present-future or earlier-later, the derivative concept. What SR shows, and in particular the twins’ paradox, is that there is a fundamental plurality of punctual successions and a derivative relativity of structured succession – which only A-theoretically conceivable. [5:  NB: In SR something could be relatively earlier than something other, or absolutely earlier. That is, something is earlier than something other with respect to some coordinate system, or with respect to every coordinate system. Without any reference to coordinate systems, i.e. due to a purely difference in proper times, no person (or object) is earlier than the other.]  [6:  Whatever that could be: It seems that this temporal continuum is undevidable – not only in contrast to Cantor’s conception of continuum as a specific plurality of points but also in contrast to Aristotle’s conception of continuum as an ever-devidable extension. But these are conceptual problems of A-theories of time, which could be out of consideration here (see, however, Prauss 1999, § 10). ] 
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