ON AN UNDERVALUED IMPLICATION OF THE MINKOWSKI SPACE-TIME
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“The Greeks must have had a different feeling for time than we. We usually think of the future as stretching before us, and ourselves as going to meet it. ...... The Greek, on the other hand, thought of himself as facing the past, with the future behind him, coming up over his shoulder as the landscape unfolds to one riding back to the engine. If some one could invent a figure for speaking of the flight of time, in which the idea is prominent that in our thought we recognize that the germinating present contains the seeds of a complete break with the past, he might alter the future course of thinking.”                                  P. W. Bridgman (1936)

It is widespread (if not common) belief that the laws of physics – such as the Newtonian equations of motion, the Maxwell equations of electrodynamics, the equations of quantum mechanics, special and general relativity – remain invariant under the transformation 

                                              t ( (t.                                                                   [1]

Giving as granted the scalar nature of time, the meaning of “time reversal” is currently ascribed to such an operation.

In actual fact, the meaning should be different if time were a pseudo-scalar quantity. In that case, the change of sign would imply nothing but inversion of the space-time chirality.

The transformation [1] for a three-dimensional space-time, in which time has been considered as a pseudo-scalar quantity, is labelled as “time conjugation” in figure 1. With both the signs of t,
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Figure 1

one could, either refer to the forward unwinding of time (figure 1a-a’), or retrace backwards its steps (figure 1b-b’). In both the cases a-a’ and b-b’, the invariance under the transformation [1], considered as “time conjugation” (that is, implying inversion of space-time chirality), would express the conservation of time unidirectionality. On the other hand, since one of the two alternatives a-a’ and b-b’ excludes the other one, time irreversibility is further substantiated. We should be reasonably inclined to consider actual the forward unwinding of time, since it seems in accordance with our immediate experience. Anyhow, if someone wants to, he is allowed to describe in a reversed order whatever time sequence of actual occurrences.
The pseudo-scalar nature of time, until now considered as a working hypothesis, may be easily recognized in the Minkowski space-time. For such a pseudo-euclidean space-time, the determinant of the metric tensor components g is negative, so that the typical pseudo-scalar g½ (a scalar density) is a pure imaginary number. Therefore, the pseudo-scalar unit is i = (-1)½ (in agreement with what D. Hestenes maintains at least from 1966), so that the introduction of the imaginary time suggested by Minkowski (1923) should not be considered as a mere formal convention. Among other things, the imaginary time turns out to be prerequisite to render duly imaginary another typical pseudo-scalar (a scalar capacity), that is, a directed volume element.

The physical meaning of time conjugation, suggested by the above interpretation of the special relativity space-time, can be noticed in particle physics, where it has been suggested that “in the approximation of classical relativistic theory” antiparticles can be represented as particles “with proper time reversed relative to true time” (Feynman, 1949). It does not take much to discover that in particle physics time conjugation invariance expresses itself as CPT-invariance.

It follows that, in different contexts - that is, when antimatter is out of consideration - one should remain mindful of the intrinsic irreversibility of time, feeling satisfied with a single sign of t. 

To conclude:

the operation of time conjugation - consisting in a change of sign of t that implies inversion of space-time chirality (from a, to a’, or b to b’, and vice versa, in figure 1) - replaces descriptions of actual phenomena by descriptions of equally possible ones: for instance, replaces a moving electron by a moving positron;

the operation of time reversal – consisting in the change of sign of t without inversion of space-time chirality (from a, to b, or from a’ to b’, and vice versa, in figure 1) - replaces descriptions of actual phenomena with descriptions of the same phenomena as they can be revisited in a movie run backward: for instance, replaces the description of an accelerated electric charge losing energy to its surroundings, by that of the same charge recovering the lost energy when imagined as if it were retracing its steps in time.

It may be a surprising coincidence, but, recognizing the intrinsic time unidirectionality of the Minkowski space-time (a breathtaking revelation by itself!), a connection between relativity and quantum mechanics comes to light.
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