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Picturing Einstein’s Train of Thought


In a recent series of articles in this journal, Michael Cohen and I have had a fundamental disagreement over the construction of Einstein’s gedankenexperiment about the relativity of simultaneity that is found in his famous lay exposition of special and general relativity (hereafter SR and GR, respectively).
  I should make it clear from the outset that it appears that we do not disagree significantly over matters of the consistency, coherence, and adequacy of SR and GR themselves as physical theories.  Rather, our disagreement is simply about whether Einstein logically and adequately constructed his famous ‘train and lightning-bolts’ thought-experiment that has figured prominently in countless popular and technical expositions of relativity.  Cohen maintains that Einstein did not so construct it--I argue that he did.  Given that many secondary references to this thought experiment merely parrot Einstein’s account, it does seem to be of some importance to know whether the use of such passages is vindicated.


Rather than retrace the course of our particular disagreements, perhaps it would be most profitable to simply and literally see what Einstein says in the disputed passage.  What I propose is to illustrate the principal remarks of Einstein’s gedankenexperiment on an appropriate spacetime diagram, and only then examine why Cohen seems to have thought Einstein’s presentation to be inadequate.


The thought-experiment runs as follows.  (I shall attempt to summarize the relevant passage in question concisely but accurately.  Readers should consult the original to verify that I have done this.)  A moving train on an embankment is struck by two lightning bolts at points A (in the rear of the train) and B (in the front of the train) and which contains a stationary observer M( at a location midway between the strikes. M( passes another observer M standing on the railway embankment who is also located midway between A and B (taken as points struck on the embankment infinitesimally near the strikes as recorded on the train).  As it happens, M( passes M as the lightning simultaneously strikes the embankment at A and B as judged from M’s frame.  Then, again from M’s frame perspective, M( moves on to receive light first from strike B, and then from A.  Therefore, given that the observers time events from their own frames and must equivalently measure the speed of light c, clearly M( judges the event at B to be earlier than that of A, whereas M judges A and B to be simultaneous.


An appropriate spacetime diagram for these states of affairs would be:
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(Interestingly, though secondary-source explanations of Einstein’s thought-experiment abound, my research failed to unearth a single spacetime-diagram exposition of the gedankenexperiment.)


Some technical comments about this diagram are in order.  First, the frames of M and M( are represented on a standard Minkowski diagram (as opposed, say, to Brehme or Loedel diagrams
), which, because of the contravariant manner that four-vectors are transformed on such diagrams, properly construes Einstein’s utilization of M’s frame-perspective as the explanatory rest frame.
  Second, though a scale factor is involved in the transformation of measurements from frame to frame on Minkowski diagrams, these diagrams nevertheless accurately represent invariant as well as frame-dependent spatiotemporal relations, which is all that is required for depicting Einstein’s argument.  Third, the diagram’s use of a rather noticeable angle between the frames is literally indicative of an unrealistically high relative velocity between the two observer’s frames--though this is of no consequence to the point of the thought-experiment.  Finally, as is the usual practice, measurements on the frames’ time axes are assumed to be adjusted (using c as a factor) so that a lightline cast in the spatial direction from a common origin of the frames bisects both.


Clearly the diagram captures the essentials of Einstein’s argument, and shows that his account validly yields his desired conclusion about the relativity of simultaneity.  It does this by depicting all the facts that entail this conclusion:  since M and M( lie at the midpoints of the spatial points where the strikes occurred in their respective frames, and since they must both measure c identically, then they must disagree on the time-order of A and B--M calculates them to be simultaneous, whereas M( does not.


Now to Cohen’s discontent with the thought-experiment.  His criticisms boil down to two--one in which Cohen takes Einstein to task for introducing extraneous elements into his argument, and another in which Cohen believes that Einstein actually undermines the logical integrity of  his argument.


The first criticism is that since the relativity of simultaneity is frame-dependent, then Einstein’s implication of the significance of the role of the observers M and M( is actually superfluous.
  Indeed, admittedly Einstein could have constructed the thought-experiment so that the role of these observers would have been assumed by reference to their frame-dependent spatial locations only, and nothing of significance about simultaneity as a frame-dependent relation would have been lost.  However, the retention of observers in the thought-experiment does helpfully serve to remind us that it is full-blooded people who get into disagreements over matters of time-order.  Frame-dependent spacetime coordinates seldom argue (even if they do diverge!).


The second criticism amounts to Cohen’s belief that Einstein’s use of M’s perspective as a preferred explanatory frame somehow compromises the legitimacy of his conclusion about the relativity of simultaneity.  He therefore insists that to be consistent the argument should involve a narrative that prefers neither frame.
 Apparently Cohen believes that the explanatory role of M’s frame in the thought-experiment implies the use of that frame as being physically preferred.  However, that belief is just false:  the relativity of simultaneity in SR is logically entailed by Einstein’s gedankenexperiment, as the above diagram--with its use of Minkowski frames--clearly demonstrates.

References

M' Receives Light From B





M' and M Pass





Worldline of M'





Worldline of M





M Receives Light From A and B





M' Receives Light From A





M Frame





 M' Frame





M' Coordinates





M Coordinates





Lightlines





Lightning Strikes





M'





M





 A





 B





 A








� Albert Einstein, Relativity:  The Special and the General Theory (New York:  Crown Publishing, 15th edition, 1951), 25-26.  Cohen’s previous papers are, in order of appearance:  Michael Cohen, ‘Simultaneity and Einstein's Gedankenexperiment’, Philosophy 64, (July 1989), 391-396; ‘Einstein on Simultaneity’, Philosophy 67, (October 1992), 543-548; ‘Simultaneity:  A Composite Rejoinder,’ Philosophy 70, (October 1995), 587-589.  My respective replies are: V. Alan White, ‘Cohen on Einstein's Simultaneity Gedankenexperiment’, Philosophy 66, (April 1991), 245-246; ‘Relativity and Simultaneity Redux,’ Philosophy 70, (July 1993), 401-404.





�  Albert Shadowitz, Special Relativity (New York:  Dover Books, 1968), 26.





� Ibid.





� Op. cit. note 1 ‘Einstein on Simultaneity’, 547-548.








� Op. cit. note 1 ‘Einstein on Simultaneity’, 545-546; note that this claim is toned down considerably in ‘Simultaneity:  A Composite Rejoinder,’ although therein Cohen reasserts his dissatisfaction with Einstein’s account.





PAGE  

