In the following pages, the Supporter—who fully accepts Albert Einstein’s (AE) theory of relativity—and Gábor—who is skeptical of the theory—discuss what they have read in AE’s book On the Special and General Theory of Relativity.
THE SPECIAL THEORY OF RELATIVITY
1. The Concept of Time
Supporter: Einstein promises a definition of time, but he does not provide one.
Explanation: (…Einstein does not even attempt to give a conceptual definition… According to Planck, specifying the method of measuring a physical quantity replaces the conceptual definition.)
Gábor: In my opinion, it does not replace it. A conceptual definition means placing the defined concept within the system of our existing knowledge! In other words, it is the most concise and compact summary of what we have learned so far about the subject under discussion. Therefore, it is extremely important and indispensable. Physical quantities can be measured in several different ways, so specifying only one method of measurement is equivalent to merely a partial definition.
Let us first examine the definitions given by the great predecessors! (Time belongs among the fundamental quantities of physics—and philosophy!—so very few concepts are available to define it.)
Aristotle wrote in his work Physics that time is a kind of measure describing the succession of changes, and can be interpreted as a uniform process.
Isaac Newton likewise took a stance in favor of absolute time. Neither of them justified this assertion.
Einstein is right in saying that these definitions require supplementation. Why do we need to speak about time at all? Because we experience and investigate events that affect us (“I think, therefore I am.” — Descartes). We also observe that one event may influence another event. In all such cases, the earlier event affects the later one; a later event never affects an earlier one. There is one limiting case: when events are simultaneous, they enter into mutual interaction. The consequences of this are qualitatively different from those of non-simultaneous events.
Naturally, we must begin our investigation with the fundamental case, when two events occur at the same location. The determination of simultaneity for distant events must be reduced to this fundamental case.
ANY POINT (BODY), REGARDLESS OF ITS STATE OF MOTION, IS IN CONTINUOUS CONTACT AND INTERACTION WITH ITS ENVIRONMENT. Infinitely many events occur—or may occur—in the world, at every point in space at every instant of time. The following example illustrates this.

2. Example of Simultaneity
2.1.
Let us have two lamps placed next to each other: one emits yellow light, the other blue light. Each lamp has its own clock. In each lamp’s circuit there is a color-sensitive detector (the yellow circuit detects yellow light, the blue circuit detects blue light), which—by activating a relay—blocks the other circuit. Each lamp has its own clock.
Let us begin by pressing the yellow button. As a result of the yellow light flash, the yellow detector closes the yellow circuit and interrupts the blue circuit. The yellow light flashes; pressing the blue button has no effect. The earlier event affected the later one.
Now let us press both buttons simultaneously. The yellow and blue lights flash at the same time; the mixing of colors produces a green flash. The detectors remain passive, and after the flash the environment becomes dark again. The two events mutually affected each other. The clocks of the two lamps show the same time.
Can an independent Observer know the order in which I pressed the buttons? Yes!
Yellow flash… I pressed the yellow button first.
Blue flash… I pressed the blue button first.
Green flash… I pressed the yellow and blue buttons simultaneously.
Is it interesting where the Observer was before the flashes, what they were doing, whether they were standing or moving, sitting under a steel dome, or whether they even existed at all? Or perhaps their ancestors were still jumping in trees? No, this is not interesting at all; it does not influence the observation. (The Observer and the lamps did not exist for each other until their encounter.)
2.2.
In the second experiment, the blue lamp is moving. At a certain moment it arrives next to the yellow lamp, and they flash; again we see a green flash. The blue and yellow lamps are “at the same time” at the same point in space. THE CLOCKS OF THE TWO LAMPS SHOW THE SAME TIME.
2.3.
In the third experiment, the blue lamp moves along a line and flashes like a stroboscope. Along the line, yellow lamps are placed in a row and are flashing. Wherever the blue lamp passes, green flashes are seen. The passage of time for the (moving) blue lamp is physically identical to that of the stationary yellow lamps. THEIR CLOCKS RUN IN SYNCHRONY. TIME IS NOT RELATIVE.
This is the fundamental case; all other measurement arrangements must be consistent with it. The investigation of simultaneity for distant events must be reduced to this fundamental case.

3. The Propagation of Light
Supporter: (According to AE:) Every schoolchild knows—or thinks they know—that the propagation of light occurs at a speed of c = 300,000 km/s. All optical experiments and measurements have confirmed this.
Gábor: An imprecise statement: all optical experiments and measurements confirmed that, using measuring devices fixed to the Earth’s surface, the speed of light was measured to be c at all times. Everyone—children and adults alike—knew this at that time. GAP IN THE THEORY.
Supporter: (According to AE:) That this propagation speed would depend on the direction in space is in itself unlikely.
Gábor: An imprecise statement: it would only be unlikely if we knew for certain that there is absolutely no substance in the vacuum, that it is completely empty. But we do not know whether such a substance exists, and this statement is not equivalent to “we know that it does not exist.” GAP IN THE THEORY.
[bookmark: _GoBack]Supporter: This is hair-splitting. We know that physicists before Einstein searched for a substance called ether in the vacuum as the carrier medium of light—a substance qualitatively different from atomic matter, yet possessing some known state of aggregation. But gases and liquids have no shear rigidity suitable for transmitting transverse electromagnetic waves, and a solid ether would only be stationary relative to the Earth if the Earth were the center of the universe, which—considering the size of the Earth and the motion of celestial bodies—is unrealistic. If no state of matter can be assigned to the supposed ether, then it does not exist! Therefore, the vacuum is empty; there is nothing in it!
Gábor: One cannot split hairs too finely when examining the foundations of theoretical physics! Let us not discard the possibility that, besides matter, some other kind of substance may exist in the vacuum.
Using analogical reasoning, I draw up a table showing the development of theories of light propagation:
	
	Generation of waves
	Carrier medium of wave propagation

	Mechanical waves
	Vibration of material particles
	Vibration of material particles

	Light (pre-AE)
	Vibration of electric charges
	Vibration of material particles

	Light (Relativity)
	Vibration of electric charges
	Nothing

	Light (Charge Theory)
	Vibration of electric charges
	Vibration of electric charges


Supporter: But there are no electrons, protons, ions in the vacuum… the vacuum is empty!
Gábor: I am not thinking of materially bound charges, but of natural—i.e., bare, matterless—charges.
Supporter: Even my grandmother has never heard of such things. Why would we postulate such charges?
Gábor: It is a related idea to that proposed in quantum electrodynamics, according to which electron–positron pairs are continuously created and annihilated in the vacuum. I will elaborate on this later. It is a very pleasant theory, and it fits logically with neighboring fields of physics.

4. On the Concept of Time in Physics: The “Train Experiment”
Supporter: Here Einstein presents the famous “train experiment” (instead of a conceptual definition), with which he proves the relativity of simultaneity. For 80 years, everyone has considered this experiment correct.
Gábor: (…an experiment he invented completely arbitrarily.)
Supporter: (According to AE:) “The meaning of simultaneity is self-evident and requires no explanation.”
Gábor: Unfortunately, Einstein did not think through the physical content of simultaneity that we analyzed above in the explanation given in Chapter 2. He immediately proceeds to one possible method of investigating simultaneity—one that he himself devised.
4.1.
This (train) experiment does not start from the fundamental case presented in Chapter 2, but from a multiply compounded arrangement. The light flashes are far apart and cannot interact in real time; instead, the Observer evaluates the temporal order of the finite-speed light beams later, at the moment they meet. This allows Einstein to insert a false condition in front of the true condition of observing simultaneity (namely, that the Observer must be at the midpoint of the distance at the moment the light beams meet): the false condition is that the Observer must already be at the midpoint at the moment the light beams are emitted. In the case of a stationary Observer, this condition is merely superfluous; as we saw in Chapter 2, the Observer and the light beams do not exist for each other prior to their encounter. (Berkeley: “That which acts exists.”)
4.2.
In the second part of the “train experiment,” Einstein switches to the experiences of the Observer sitting on the train. In doing so, however, he discards the true condition and retains the false condition. This is how he succeeds in providing proof for the dependence of simultaneity on the reference frame—its relativity—and then stops, going no further.
Anyone who has studied metrology knows that if a position-dependent measurement setup is calibrated at a certain point in space and then physically moved elsewhere during measurement, it will yield false results. GAP IN THE THEORY.
(In addition, it is questionable which pairs of events the moving Observer considers simultaneous; Einstein’s definition does not seem suitable for determining this.)
Einstein was determined at all costs to explain the null result of the Michelson–Morley optical experiment, and therefore reasoned backward like a chess player—from there to here—trying to derive the constancy of the speed of light. He never reaches the foundations, the true nature of simultaneity itself. The weaknesses of the “train experiment” were likely recognized by later caretakers of the theory, since this experiment is not taught in university textbooks of theoretical physics.

5. Synchronization of Clocks
Gábor: The following thought experiment, however, does appear in textbooks of theoretical physics; thus it is the only one that underpins the relativity of time and is therefore worth examining.
Supporter: The light signal synchronizing the stationary clocks ensures perfect synchrony. It reaches the receding moving clocks later; those clocks run more slowly.
Gábor: The situation here is similar to the previous experiment: a synchronizing light signal calibrated for stationary clocks is applied to receding clocks, which therefore receive it later. The problem is the same as in the train experiment: a calibrated measurement setup is moved during measurement.
…And what would Galileo say to this, photographing with a flash camera a stationary clock next to which a moving clock is just passing? “Pardon me, Mr. Einstein—are these my coordinate systems? With synchronized clocks? Why is one clock lagging behind, and why exactly that one, and not the other? Mr. Einstein, I do not accept this!”
For those not convinced, let us repeat the above clock-synchronization experiment, but this time send the synchronizing light beam both to the right and to the left. The clocks coming from the left are not receding from the Observer but approaching them. In this case, these moving clocks do not run more slowly but faster than the stationary clocks. Thus, this experiment is direction-dependent, whereas time dilation according to relativity theory is not. Therefore, the trick fails. GAP IN THE THEORY.
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