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Preface: 

In place of the sky and a harmony of the spheres Newton put the infinite space in 

which a superior time passed. In these eternal and unchangeable containers the universe was 

embedded.  

But how could then one and the same light pulse always be the same speed for arbitra-

rily moving observers?  

The special theory of relativity found the only possible explanation: With a moving 

observer, time and space change. Moving clocks go slower, moving distances shorten. This 

insight was the masterpiece of positivism.  

 

1. Features of positivist thinking:  
The positivistic thinking contains a demanding challenge: Reality is to be accepted as 

it appears after the experiments. One should not try to understand it completely. It is wiser to 

refrain from asking certain questions (cf. A. Kamlah, Anschauliches und symbolisches Den-

ken, in: A. Burri, Sprache und Denken, Berlin/New York: Walter de Gruyter (1997), p. 

325ff).  

Beyond mathematics, this dispensation has become a general habit. We follow the 

prevailing views and accept their consequences. We ask few questions about it and do not 

demand understandable answers. Acceptance of what is not understood is part of the good 

tone.  

This shall be shown by the example of the special theory of relativity, because - follo-

wing Galileo - in natural science it is not so easy to defend the wrong.  

 

2. Theorems of special relativity:  
The experiment of Michelson and Morley has shown that the "speed of light" ("c" for 

constatus) of a light pulse in vacuum remains the same under all circumstances, especially 

from the point of view of two observers moving towards each other. The light propagates 

further by three hundred thousand kilometers every second. The movement of the light source 

or the movement of the observer do not play a role. Furthermore - from the point of view of 



 

 2 

each of the two observers - their relative velocity as well as the spatial distance of two events 

given perpendicularly to the axis of motion are equal from each other.  

Newtonian mechanics did not find any explanation for the constancy and the finiteness 

of the speed of light. It assumed that two movements - in the present case the velocity of the 

moved light source or the moved observer and the "velocity of light" - must add. But such an 

addition would result - in contrast to the experimental result - "speed of light above" or "speed 

of light below".  

The special relativity theory was able to clarify this contradiction with new assumpti-

ons about the behavior of time and space. From the point of view of an observer at rest, time 

passes more slowly with a moving clock. A moved sphere gains the shape of a rotation ellip-

soid. Objects moving with "speed of light" shrink to planar formations.  

These hypotheses have prevailed despite all resistances especially in the time after the 

First World War and form as the masterpiece of positivism an incontrovertible truth of mo-

dern thinking.  

 

3. Two conceptions of time and space:  
What are the foundations of this thinking?  

At the beginning of the 20th century there were two different views about the nature of 

time and space, going back to Newton (respectively Aristotle) and Leibniz. According to 

Newton, time and space were absolute quantities of being, as it were containers in which rea-

lity takes place. According to Leibniz time and space were relational quantities, which have 

no entity and express only the relations of things or events to each other.  

Both points of view are not compatible with the hypotheses of the special relativity 

theory about the behavior of time and space. Their relativizing approach contradicts the abso-

lute conception of time and space in the sense of Newton, their substantial approach contra-

dicts the relational conception of time and space in the sense of Leibniz.  

But as far as the hypotheses of the special theory of relativity are based on the Newto-

nian substantialist conceptions, they together form the antipole to the relational conception in 

the sense of Leibniz.  

The objections against the special theory of relativity started almost only from the 

Newtonian point of view and were directed against the transformation of absolute quantities 
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of being into relative quantities of being of time and space. The persuasiveness of such objec-

tions suffered from the fact that their own contradiction to the constancy of the "speed of 

light" could not be resolved either. This weakness was not shared by Leibniz's point of view, 

however, it was hardly ever consistently defended, so that this merit remained unnoticed. 

 

4. Idealism and Materialism:  
The relativization of the Newtonian substances time and space by the special relativity 

theory had also philosophical consequences.  

The idealistic epistemology, which goes back to Plato, was influenced in its formulati-

on by Kant by Newton's ideas about absolute quantities of being. It understood space, time 

and causality not as objects of perception, but as conditions or categories of perception, which 

are derived from the mind and are valid independently of any experience (absolute).  

By the negation of absolute quantities and by the introduction of differently fast pas-

sing times or differently contracted spaces, the special theory of relativity has made one of the 

most important contributions to delegitimize any idealistic approach (cf. H. Reichenbach, 

Relativitätstheorie und Erkenntnis apriori, Berlin: Springer (1920)).  

Thus, at the beginning of the 20th century, the theory of relativity established itself as 

the spearhead for the dawn of a new age of extreme positivism. Transcendence and metaphy-

sics, the daughters of idealism, disappeared from the thinking of a new, positivist-minded 

civil society. 

 

5. Calculation and comprehension:  
"All understanding is an immediate and therefore intuitive comprehension of the 

causal connection, although it must be immediately converted into abstract concepts in order 
to be fixed. Therefore, calculating is not understanding, and in itself does not provide an un-
derstanding of things. (...) One can even say: where arithmetic begins, understanding ends: for 
the head occupied with numbers is, when it calculates, completely alienated from the causal 
connection and the geometrical construction of the physical process: it is stuck in nothing but 
abstract numerical concepts. The result, however, never says more than how much; never 
what. With l'expèrience et le calcul, this woad saying of the French physicists, one is therefo-
re by no means sufficient. "(Schopenhauer, Über die vierfache Wurzel des Satzes vom zu-
reichenden Grunde (viertes Kapitel), Zurich: Diogenes (1977), p. 94). 

The power of mathematical tools is overwhelming. Elegantly, all equations of motion 

and the laws of quantum mechanics can be derived as extreme solutions from the principle of 
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action. In physics, mathematics has advanced so far that it has become almost impossible to 

accompany the increase of knowledge linguistically (cf. e.g. the struggle for "reference hypo-

theses" on the negative energy following from the Dirac equation, M. Stöckler, Philosophi-

sche Probleme der relativistischen Quantenmechanik, Berlin: Duncker & Humbolt (1984), p 

88ff).  

But the head occupied with solving partial differential equations is inevitably alienated 

from the object of his thinking. Students of physics toil away at a heap of abstract mathema-

tics, but the hope of gaining insight into the physical content at some point with the further 

understanding of this mathematics is not fulfilled (D. Dürr/D. Lazarovici, Quantum Physics 

without Quantum Philosophy, in: M. Esfeld (ed.), Philosophie der Physik, Berlin: suhrkamp 

(2012)). We no longer even try to take mental possession of something, because we have pro-

ven to ourselves with analytical philosophy that we cannot do it anyway.  

On the ground of the unfulfilled desire for vividness and understanding, however, sub-

stitute discourses are formed. The unmanifestability of the understood is supplemented by a 

manifestability of the ununderstood. Mathematical terms are read like chords and develop a 

life of their own. Function graphs become reality (e.g. "world lines" and "light cones" in path-

time diagrams).  

How did this development come about? The positivistic and later the analytic philoso-

phy welcomed the incomprehensibility of the hypotheses established by the special theory of 

relativity as a basic condition of modern thinking. In the need for clarity and comprehensibili-

ty intellectual backwardness was shown. One has to be content with mathematical formulas 

and may get rid of certain questions with a "little brainwashing" (A. Kamlah, loc. cit. p. 326). 

The "world metric" is the only physical reality. Physics does not extend beyond the infinite-

simal geometry. One must bring the tool of tensor analysis like a language under one's control 

and in further consequence, e.g., only have the courage to maintain a principle according to 

which the size of a body at one moment does not ideally determine its size at another mo-

ment; we must accept the physical entities according to kind and number as experience 

teaches us to know them; there would be nothing further to grasp (H. Weyl, Raum, Zeit, Mate-

rie, 4th edition, Berlin: Springer (1921), p. 116 and 257f).  

The skepticism towards such approaches already characterized the contemporary de-

bate (cf. e.g. on the one hand J. Petzold, Das Weltproblem vom Standpunkt des relativisti-

schen Positivismus aus historisch-kritisch dargestellt, 3rd ed, Leipzig: Teubner 1921, and on 

the other hand O. Kraus, Fiktion und Hypothese in der Einstein'schen Relativitätstheorie, An-
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nalen der Philosophie 1921, p 335ff; on the history of reception see K. Hentschel, Interpreta-

tionen und Fehlinterpretationen, Basel: Birkhäuser (1990), p 168ff, 401ff and 541ff).  

Those who cannot follow the hypotheses of special relativity about the dilation of a 

substantial time and the contraction of a substantial space and - often with insufficient forces - 

search for alternatives, are pitied or mocked by the scientific community as romantic "world 

puzzle solvers" (cf. M. Wazeck, Einsteins Gegner, Frankfurt/Main: Campus (2009); on the 

characteristics of "misinterpretations" K. Hentschel, loc. cit. p. 550ff).  

On the other hand, B. Russel's prediction that A. Einstein's ideas about time and space, 

like those of Copernicus, would come easily after liberation from preconceived notions and 

ingrained ideas "to a generation which will have imbibed them, as it were, with its mother's 

milk" (B. Russel, Das ABC der Relativitätstheorie, Munich: Drei Masken (1928), p. 4), did 

not prove true. 

  

6. Experiment and mathematics using the moving light clock as an 
example:  

All (popular scientific) explanations which want to prove the hypotheses of the special 

theory of relativity about the existence of a time dilation and a space contraction, finally come 

to the same thought experiment. After "sharp analysis of the concept of simultaneity" by A. 

Einstein (H. Thirring, Die Idee der Relativitätstheorie, Berlin: Springer (1921), p. 44), it is 

shown by this experiment that the "speed of light" from the point of view of arbitrarily moved 

observers is therefore constant, because with these the time passes differently fast and the 

space contracts.  

The thought experiment is about two observers moving towards each other with uni-

form speed. At the moment of their encounter, the observer 2 switches on his "light clock" 

which is perpendicular to the axis of motion and in which - from his point of view - a light 

pulse (or the photon at its tip) oscillates up and down between two mirrors (bottom left in Fig. 

1). Now it is asked how the other observer "sees" this photon.  For this purpose, photon can 

be understood as illuminating points in an imaginary "mist" which together form a "track" (cf. 

e.g. "and there's a little mist" or "a slightly misty day" in M. Fowler, Galileo and Einstein, 

2009, http://galileo.phys.virginia.edu/classes/109.mf1i.fall03/lectures09.pdf, p 160ff; M. Pös-

sel, "Von der Lichtuhr zur Zeitdilatation" in: Einstein Online Vol. 04 (2010), 1101). In other 

words: An observer records with suitable measuring instruments (e.g. with evenly distributed, 

synchronized clocks) in his reference frame the presence of the photon according to time and 
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space. From the point of view of observer 1, the photon oscillating in the moving light clock 

performs a "zigzag motion" (in Fig. 1, right), so that its paths are longer than the paths d from 

the point of view of observer 2 (cf. for many R. Feynman, Lectures on Physics, Munich: 

Oldenbourg Verlag (1987), Vol. I, p 224; F. Embacher 

http://homepage.univie.ac.at/franz.embacher/SRT/Zeitdilatation.html; 

https://de.wikipedia.org/wiki/Zeitdilatation).  

 

 

Fig. 1 moving light clock 

Source: https://de.wikipedia.org/wiki/Zeitdilatation#Lichtuhr).  

 

Such a "zigzag motion" would also result according to Newtonian mechanics. How-

ever, according to their explanation scheme, the photon would have a higher velocity from the 

point of view of the observer 1, so that it would cover the longer way in the "absolutely" same 

time t 2as the vertically running photon from the point of view of the observer 2. 

According to the experimentally secured basic assumption of the special relativity the-

ory, however, the propagation of a light pulse occurs with "speed of light" from the view of 

the observer 1 as well as from the view of the observer 2. Therefore, from the point of view of 

observer 1, the photon cannot also cover the longer path in the time span t 2, but only in a cor-

respondingly longer time span t . 1One and the same process thus takes longer from the point 

of view of observer 1 than from the point of view of observer 2.  

In view of this, one could fall for the thought that the cause for the different process 

durations would lie in the fact that at the ("resting") observer 1 the time passes more and more 

rapidly with increasing relative velocity, because then more time would pass from his point of 
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view during the same process. This assertion is not plausible, because with an observer diffe-

rent times cannot pass differently fast because of different relative movements of other mass 

points. 

Also the opposite opinion, with a ("moving") observer 2 time would pass more and 

more slowly with increasing relative velocity (cf. for instance M. Carrier, Raum-Zeit, Ber-

lin/New York: Walter de Gruyter (2009), p. 35), cannot be true. The thought experiment as-

sumes a process defined from the point of view of observer 2 (with an event at its beginning 

and an event at its end, as well as a time span between these events). If this given process 

resp. this time span is subsequently changed in dependence of the relative velocity with 

respect to an observer 1 ("because time passes slower at observer 2"), one gets into a logical 

circle in the evaluation of the thought experiment.  

It would be deceptive to believe to be able to grasp the reason for the change of the 

said time span by this mental "observation" of a passing photon. The incorrect ideas of the 

Newtonian mechanics still flow into this picture. The photon is treated as if it were a passing 

tennis ball. The embarrassment hypothesis based on this, that a uniform relative motion of 

observers would have an effect on the passing of time in the conventional sense (or on the 

length of scales in the conventional sense), is not purposeful. The fact that a process can last 

differently long from the point of view of two observers moving to each other should rather 

have been a reason to question the traditional terms "time", "space", "velocity" and "speed of 

light" themselves.  

However, this path was not taken for the time being. In the conviction that every un-

derstanding in physics arises from mathematics, one limited oneself to the goal of calculating 

the extent of the prolongation of the process duration from t to 2t. 1 

On the basis of Newtonian mechanics (the difference of velocity vectors) this was ad-

mittedly not possible. The calculation from the point of view of the observer 2, whose process 

was defined, would have had to start in this case from the right-angled triangle, which is for-

med from the distance v*t2 (the distance from the other observer on the movement axis), the 

distance c*t2 (the path of the photon standing perpendicular to the movement axis) and from 

the distance c*t1 (the hypotenuse). If, however, from the point of view of observer 1 the lon-

ger time span t1 would have passed, observer 2 would have moved away by the longer dis-

tance v*t1 and the photon would miss the upper end of the light clock of observer 2.  
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The correct calculation starts - even without being aware of the associated departure 

from ideas of Newtonian mechanics - from the three postulates of special relativity, according 

to which the "speed of light" of the photon, the relative velocity of the observers and the spa-

tial distance of two events given perpendicular to the axis of motion are equal from the point 

of view of both observers.  

The calculation can start - now from the point of view of observer 1 - from the right-

angled triangle which consists of the distance v*t1 (by which observer 2 has moved away 

from observer 1), the distance c*t2 (the length of the light clock of observer 2 standing per-

pendicular to the axis of motion, from whose point of view the process was defined) and the 

distance c*t1 (the searched path of the photon). From this triangle it results that the process 

duration t1 is longer than the process duration t by the so-called "Lorentz factor" 1/sqr(1-v2 /c 
2)2. If the "speed of light" is set "1", the relative speed v in the triangle can only take a value 

between 0 and 1 (it is a percentage of the "speed of light"). The Lorentz factor simplifies to t 

1= t 2/sqr(1-v 2).  

But this correct calculation of the different time spans is not connected with a deeper 

understanding of the underlying processes and changes. The popular scientific explanation of 

the special theory of relativity, that time would pass more slowly with moving observers, 

holds on to the substantial conception of time and space of Newtonian mechanics and in-

creases the misunderstandings growing from it by assuming a multiplicity of substantial times 

(one for each moving observer) instead of a substantial time.  

The picture first drawn by G. Lewis and R. Tolman in 1909 of a passing photon with a 

longer path on an oblique trajectory is certainly impressive. But the added explanation does 

not satisfy. What really happens with the time - according to the conclusions from this expe-

riment, the moving clock should go faster some times, slower some times, depending on the 

inclination angle of the light clock - remains unclear.  

The thought experiment was and is spread millionfold. The natural scientists who were 

specifically prepared for the acceptance of the incomprehensible saw no reason to take offen-

se at the inconsistency of its linguistic interpretation in view of the successful mathematical 

penetration. The suggestive power of the scene and the correct mathematical results silenced 

every objection.  

The interpretation of the processes in the moving system as "slowing down" of the ti-

me process goes back to A. Einstein (Zur Elektrodynamik bewegter Körper, Annalen der Phy-
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sik und Chemie, 1905, p 896 f). He remained attached to the Newtonian substantial concepti-

on of time and space and made two substantial time processes out of one substantial time pro-

cess at the observers. At the earth's equator, time is supposed to pass slower than at the earth's 

poles only because of the higher tangential velocity prevailing there (loc. cit. p. 905). 

The new thoughts were enthusiastically welcomed:  

M. Planck, Acht Vorlesungen über theoretische Physik, gehalten an der Columbia 

University in the City of New York im Frühjahr 1909, echte Vorlesung (Relativitätsprinzip), 

Leipzig 1910: 

"... this new conception of time makes the highest demands on the physicist's capacity 
for abstraction; in terms of boldness, it probably surpasses everything that has been achieved 
in speculative natural research.... ...; the non-Euclidean geometry is child's play compared to 
it. 

M. v. Laue, Das Relativitätsprinzip, Braunschweig: Vieweg (1911) p. 36:  

"That one comes so for every justified system to a special time, by which it differs 
from the other justified systems, shows already the above example. Therein lies just the bold-
ness and the high philosophical meaning of Einstein's thought that it clears up with the traditi-
onal prejudice of a time valid for all systems."  

A. Einstein overcame the points of view of the older physics and moved away from 

the ideas of Newton. But he moved away - according to the opinion represented here - in the 

wrong direction by keeping the substantiality of time and also increasing the number of these 

times (compare the corresponding substantiality of the "Ordnungsrahmen" in M. Schlick, 

Raum und Zeit in der gegenwärtigen Physik, Berlin: Springer (1920)). 

From the beginning the conclusions contradict the "common sense". We have a sub-

stantial, "being" time. Now this is supposed to pass faster with the one than with the other? 

But where then shall the sphere of my time end and that of the other begin? What shall hap-

pen at the dividing planes, the borders of our different times? How shall the many differently 

fast running times in one and the same system, which follow from the many possible direc-

tions of the propagation of photons (in form of a spherical wave), be reconciled with each 

other? 

Since here the imagination fails, it can be - so the proponents of the new thinking - 

with the desire for understanding only about backward thinking which will die out sometime 

by itself, because - as said - another explanation for the constancy of the "speed of light" can-

not and will not exist. The common sense is - according to a remark attributed to A. Einstein - 

only an accumulation of prejudices which one has acquired up to the age of 18. 
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This disdain could prove to be hasty. The special theory of relativity is - as shown 

above - from its popular-scientifically widespread basic idea a computational correction of 

Newtonian mechanics handling on the surface. Its cultural-historical importance results from 

the fact that it ascribes a real physical meaning to the ad hoc found arithmetical modifications 

of the substances time and space, namely that of a time dilation and a space contraction.  

According to the view represented here, however, a substantial conception of time and 

space is not justified. The popular scientific hypotheses of the special relativity theory based 

on it describe a contradictory reality. The wrong approach of a substantial time is still surpas-

sed by a coexistence of several substantial times. From this results, apart from its mathemati-

cal description, an incomprehensibility of the special relativity theory persisting since more 

than 100 years.  

 

7. Newton and Leibniz:  
1. in order to be able to assess the scope of the difficulties in understanding, the actors 

must be named and the stage on which our scientific thinking takes place must be illuminated. 

What roles do time, space and motion play in school physics and what meaning is attached to 

these concepts there?  

Without mathematics, says Galileo, not a single word of the universe, which lies open 

like a book, can be understood and one wanders around like in a dark labyrinth. Galileo's so-

lution to finding one's way in this labyrinth was to reify measurement data determined with 

the traditionally available clocks and scales into "time" and "space" and to weave them into a 

unit - called "velocity".  

Newton held on to this concept. Time and space were considered as independent, ab-

solute substances, in whose containers the reality was to be found.  

The mathematics teacher of A. Einstein, H. Minkowski, aimed at an even closer union 

of the substances time and space in his lecture held at the 80th Assembly of German Natural 

Scientists and Physicians in Cologne on September 21, 1908:  

"The views about space and time, which I would like to develop for you, have grown 
up on experimental-physical ground. Therein lies their strength. Their tendency is a radical 
one. From now on space for itself and time for itself shall completely sink to shadows and 
only a kind of union of the two shall preserve independence. "  

In these sentences all ingredients of a positivism fixed on the "givenness" of time and 

space are united. The experiment based on the method of Galileo (the "facts") is attributed an 
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unsurpassable reliability. The substances "time" and "space" which have been downgraded 

"for themselves" to shadow beings are merged to an "independent union", to a new kind of 

substance, the "space-time". It is a "conglomeration of space and time, a mixture of both, 

whose components (time and space) can change, but which itself remains unchangeable" (Ch. 

Nordmann, Einstein und das Weltall, Stuttgart: Julius Hoffmann (1922) p 70f). This is follo-

wed by the possibility of a "relativization" of space and time from the point of view of diffe-

rently moving observers. The reference systems of the different observers represent coexisting 

worlds with different spaces and times, which are mapped in differently calibrated coordinate 

systems. In this way it is ensured that the laws, according to which the states of the physical 

systems change, are independent of the coordinate systems which are moved to each other 

and to which these state changes are referred. 

Today it has become impossible to discuss the justification of this foundation, so un-

animously experts as well as laymen agree that questions about it are only such according to 

the degree of naivety of the questioner. Thus, since the beginning of the 20th century we have 

been living in a shadow time in the shadow space - in the age of extreme positivism. The axi-

om on which this positivism is based is the existence of the substances time and space, even if 

they are connected to a union, to a substance "space-time".  

But this axiom is - regardless of the established "self-evidence" of these terms - not as 

firmly founded as it seems. We are only a little out of evidence how today's scientific thinking 

got its seemingly unshakable basis at the beginning of the modern times.  

2 Already at the beginning of systematic natural sciences the positions of the old op-

ponents Leibniz and Newton collided on the question concerning the significance of space 

and time (see S. Clarke, Der Briefwechsel mit G.W. Leibniz von 1715/16, Übers. Ed Dellian, 

Hamburg, Meiner (1990)). The argumentation there seems to be a little bit muddled in some 

parts, because both sides had to be careful not to harm the infinity and omniscience of God. 

However, the positions that are of interest here are clearly worked out. According to Leibniz, 

the concept of space is formed by a summary of the places resulting from the positional rela-

tions of simultaneously existing things. Abstract space, as an "order of possible positions", 

exists only in the imagination (5th letter, §§ 29, 47 and 104). There is nothing but moments of 

time, and the moment itself is not a part of time. It, too, is a thing existing only in the imagi-

nation as an order of successive things (5th letter, § 49).  
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Newton and Clarke, however, emphasize the reality of (absolute) space and (absolute) 

time. The mere arrangement of bodies and the order of the succession of things are both no 

real sets (4. Counterstatement, §§ 14ff).  

Leibniz counters this reproach by saying that the proportions in mathematics also have 

their quantity and are nevertheless relations, consequently also time and space, if they exist in 

relations, do not cease to have their quantity (5th letter § 54). To this Clarke replied - recogni-

zing the weakness of the argumentation in the form of a missing reference quantity - that the-

se proportions were not quantities and they could not add up (5th Rebuttal, §§ 54 and 104).  

Leibniz could not finish his argumentation, because he died on November 14, 1716, 

about two weeks after receiving Clarke's fifth reply. Newton - as his successor on the chair in 

Cambridge, W. Whiston, reported - is said to have said that Clarke's last letter had probably 

broken Leibniz's heart (Dellian, loc. cit., p. 149). 

It is true that Newton's conception has brilliantly proved itself for more than two 

hundred years. But the weaknesses of his construction were only covered by these successes. 

When one became aware around the turn of the 19th to the 20th century that one apparently 

always measures the same "speed of light" independently of every movement process (in va-

cuum), the old questions and contradictions broke out again.  

The importance of the presented differences of understanding for natural research is 

high, and some things speak for the correctness of a relational (anti-substantialist) view (cf. on 

the state of discussion Michael Esfeld (ed.), Philosophie der Physik, suhrkamp 2012), above 

all the explanatory difficulties in which the substantialist views have always run into in view 

of the phenomenon of a "constancy of the speed of light".  

According to the substantialist view, space and time are containers of events, may they 

be absolute in the sense of Newton or relative in the sense of H. Minkowski. Since there are 

clocks and scales, the conviction of the existence of space and time has been internalized to 

such a high degree that the thought that these quantities of being, within the framework of 

which our existence takes place, could not exist, seems absurd.  

The alternative of a relational conception, with which Leibniz was not able to get 

through, seems to be suspect. To question the existence of time and space, that must mean for 

the common sense, which is to be tried also here, to want to replace the anyway incompre-

hensible theses of the special relativity theory by even more adventurous theses.  
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But this is not the case. It was rather "adventurous" (from Leibniz's point of view) to 

assume an (absolute) existence of time and space instead of seeing in them mere relations.  

3.1 If one looks at the relational conception of time and space without prejudice, it 

gains some plausibility especially against the background of the questions raised at the begin-

ning of the 20th century. It is worthwhile to go into it. 

With regard to the quantifiability rightly demanded by Newton, first of all a reference 

quantity - not discussed by Leibniz - is needed. This must belong to a sphere which has to do 

with the fundamental conditions of our perception.  

The basis of the mediation between world and subject and thus of our experience and 

perception are not questionable facts like "time" or "space", but light or its energetic equiva-

lents, e.g. the energy which enables a palpable perception via nerve tracts (cf. on the "imme-

diate neighborhood with the sensory body of that enigmatic real, the ego" H. Weyl, What is 

Matter? Berlin: Julius Springer (1924), p 39). The world exists, especially with regard to its 

consideration in kinematic terms, in the last consequence always only as a result of the propa-

gation or reflection of light. In other words: The existence and the movement of points of 

matter or of material formations are a conclusion reached during the perception of the world 

by means of light rays, an imaginary reconstruction.  

The most prominent feature of a light pulse is the elementary unconditionality of its 

propagation. However, the apparently obvious question how "fast" it is and whether one could 

catch up with it or even overtake it is based - like the term "speed of light" itself - on a fun-

damental misunderstanding: Speed or velocity do not belong to the possible properties of a 

light pulse. The "speed of light" is the opposite of velocity insofar as it is the basis and not 

part of the concept of velocity. Therefore here is not spoken of a "speed of light", but of the 

propagation of the light pulses or of their "course".  

3.2 What distinguishes the propagation of light from the motion of a point of matter? 

Why should just the light have no velocity? Or vice versa - from the aspect of the finiteness of 

the propagation of the light - asked: Why can this not take place infinitely fast? Why does the 

propagation of a light pulse (just as little as that of every development or movement) not 

reach its goal already at the beginning? Why is there always a distance between a cause and 

an effect?  

The answer attempted here has no influence on the further course of the investigation. 

Who is averse to metaphysical considerations, may just accept the circumstances value-free. 
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Nothing in thinking is without beginning. Nothing in thinking is without cause, why it 

is. But should there ever have been this "beginning of the world", which therefore must also 

have a cause, then between the "first cause" and the "first effect", the beginning, no distance 

can have existed, because otherwise there would have been an even earlier beginning already 

before this beginning under observance of this distance. It is also inconceivable that the world 

could have simply "waited" with its origin to the extent of a certain distance. If there would be 

no distance in our thinking between the first cause and the first effect, then this would have to 

be valid also for all following causal processes and for the whole originated world. What in 

the first originated should cause further effects to wait with their realization? The world 

would have to be finished with its origin. With it every question about a when and where 

would be superfluous.  

The actually astonishing thing is therefore not the finiteness of the "speed of light", but 

on the contrary the circumstance that the course of the world since its beginning, and indeed 

since all beginning, thus "before time and space", does not crowd together in a point, as we 

would have to expect this actually according to our thinking. It is amazing that there is some-

thing like time and space at all. 

But the contradiction dissolves if one understands space, time and causality with Kant 

as categories of cognition by a transcendental I. Schopenhauer added that the "thing in itself" 

standing behind our outer appearance is to be found inside the own I (in the "will").  

Now, if it is true that both causality and duration belong to the world only with cogni-

tion, then the propagation of an effect over a time in a space - the unavoidable distance 

between a cause and its effect - is nothing given from outside, but a condition of our view. If 

this is true, then in the world of appearance, in this imaginary reconstruction in time and 

space, from the beginning nothing can "overtake" the propagation of effect, the measure of 

the succession of cause and effect.  

However, the fact that the "thing in itself" standing behind these appearances - because 

it is detached from the course of the world or from the ideas of time and space - has very well 

already reached its end with the beginning (cf. the concept of "aeternitas" in Thomas 

Aquinas) or that these concepts make no sense here, leaves it untouched in its existence. One 

of the most beautiful theological consequences is: eternal life is the fulfilled moment (Bene-

dict XVI, Enz. spe salvi). 
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The rotation of the earth, the movement of matter points, the biological aging, the 

swinging back and forth of a light pulse between the two mirrors of a "light clock": all re-

present this constant "light-fast" causal process of the world. In the propagation of a light pul-

se in the vacuum this world process laid down in our thinking is realized in pure form. How-

ever, there could be - in particular with regard to gravitational processes - still further forms 

of realization.  

3.3 Now the train of thought left open by Leibniz can be taken up. The course of light 

representing the process of cognition by a transcendental I is the reference value sought for 

the relations of time and space. Time and space have no entity, but they are - in continuation 

of Leibniz's position - the epitome of the relations of events to each other determined by the 

course of the world (respectively by the light rays representing it). The finiteness of the pro-

pagation of these light rays is again based on our categorical cognition.  

The "space" covered at the expiration of a light ray and the "time" covered thereby al-

ways have the same amount, because both are based on the same relation. This course can be 

determined by every observer by halving the distance measured between the emission and the 

return of a light ray reflected in itself. This is the basic principle of the world perception. The 

relational time and the relational space have therefore no "relative character", but - in the ab-

sence of the substance - none at all. There is nothing here which could shrink or grow, dilate 

or contract.  

In summary it can be said that every light pulse which an observer sends out, from his 

point of view from the event of the sending out up to the event of the arrival spreads out ac-

cording to time and space in the same way, as also a light pulse sent out by another (moved) 

observer spreads out from his point of view in the mentioned way. Such events connected by 

a light pulse have a "light-like distance" from each other. The length of this propagation - half 

of the time span, which the light pulse reflected at the second event needs until the return to 

the observer altogether - is both the temporal and the spatial distance between these events 

from the view of this observer.  

If two observers moving relative to each other emit a light pulse in the same direction 

along their axis of motion at the moment they meet, the photons at the tip of the respective 

light pulse propagate together because of the constancy and the finiteness of the effect propa-

gation from the event of emission to the event of arrival (e.g. at a point of matter) (a photon 

cannot overtake another one). But since the observers (the light sources) have moved away 

from each other in the course of the propagation of the light pulses, the lengths of the propa-
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gation of the light pulses from one event to the other - and therefore both the temporal and the 

spatial distance between these events - are different for them.  

Temporal and spatial distances between two events are not absolute (constant) quanti-

ties from the point of view of differently moving observers. 

 

8. The temporal and spatial distance between two events:  
A photon at the tip of a light pulse measures during its propagation between the event 

of its emission and the event of its arrival that in space which passes in time. Each light pulse 

reflected with an angle of incidence of zero degrees into itself needs, moreover, from the 

point of view of the observer resting at the light source - independently of whether the reflec-

ting medium moves with respect to the light source or not - for the outward way the same 

expiration phase as for the return way back to the (unaccelerated) observer. A. Einstein also 

started from this premise. The time needed by a photon at the tip of a light pulse for the way 

from A to B is the same as the time for the way from B to A (Electrodynamics, loc.cit. p 894).  

The basic principle of the apperception of the world and its representation in a refe-

rence system consists in determining the temporal and the spatial relation between an event in 

the origin of a coordinate system and an event of the presence of a point of matter. This de-

termination is made by a measurement of the propagation time of a light pulse starting from 

the origin and reflected in itself at the matter point, in the ideal case with a light clock. Then it 

becomes clear that one compares with a measurement basically the propagation of a light pul-

se with a measure of the propagation of a light pulse determined before. In the last conse-

quence, there is no other way to perceive the passing of time or the existence of space (more 

precisely: to infer or reconstruct them) than to look at the propagation - that is: the recurrence 

- of such a light pulse ("half-time reflection"; cf. W. Stegmüller, Erfahrung, Festsetzung, Hy-

pothese und Einfachheit in der wissenschaftlichen Begriffs- und Theoriebildung, Berlin u.a., 

Springer (1970), p 79 and 146f; H. Reichenbach, Philosophie der Raum-Zeit-Lehre, Berlin: 

Walter de Gruyter (1928), § 19 (p 151) and § 27 (p 195ff); H. Bondi, Einsteins Einmaleins, 

Frankfurt/Main: Fischer (1974), p 45).  

Deviating from the Newtonian mechanics and deviating from the regularities at the 

motion of matter points, the principle of the half-time reflection is also valid for photons, if 

two observers moving to each other each emit a light pulse, whose photons at the tip propaga-

te together. Each observer is also entitled in this situation to determine the time and the place 
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of the same event (here: the common reflection) from his point of view by halving the expira-

tion phase of his reflected light pulse.  

The half-time reflection is not accessible to an experimental confirmation, because the 

execution of the experiment (the measurement) would have the result to be proved (the mea-

suring procedure) as a precondition. Its simplicity speaks for its correctness. Anyway, the 

homogeneous propagation of a light pulse is, according to the position represented here, the 

image of our categorial way of cognition and is the basis of every perception and every expe-

riment.  

Measuring with clocks and scales is the mechanical equivalent of measuring a light 

pulse reflected in itself with a light clock. The indication of every material clock is directly 

proportional to the propagation of a photon at the tip of a light pulse. Never the clock can run 

faster or slower or less homogeneous than the propagation of a light pulse which it represents 

in the core of its essence, thus under fading out of material-causal disturbing factors. There 

are no measuring devices independent of the principle of the course of the world or of the 

propagation of light or superordinate to these, with which "the space" or "the time" could be 

measured more or less correctly and on which a positivistic ontology of a substantial time and 

a substantial space could be founded.  

Time is thus as far as its above indicated philosophical background is concerned: mo-

re, as far as its substance is concerned: less than what the small hand of my watch indicates 

(compare to the positivistic approach A. Einstein, Elektrodynamik, loc.cit. p 893).  

In order to arrive at a unit of measurement for time and space, a - as constant as pos-

sible - periodic process (e.g. the decay of an atom in an atomic clock or the rotation of a pul-

sar) must be declared to be a "material constant". The temporal and thus spatial distance 

covered by a photon at the tip of a light pulse during a period of this fixed process is then as-

signed the unit of measurement "1" in each case (if possible in such a way that the natural 

constants assume the value "1"). Now the length of the propagation of a photon at the tip of a 

light pulse can be measured.  

From the relations of time and space, which result from the reflection processes of 

light signals, the observer reconstructs events (e.g. the presence of matter points) and from 

these the form or the movements of spatial entities. Under these conditions, the propagation 

of the light pulse must not itself be understood as the movement of an object with a certain 

"velocity".  
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9. There is no "speed of light":  
The school of positivism assumes that the world takes place in the substances "time" 

and "space" declared to shadow beings or in the substance of the "space-time" as if they were 

their containers. The reality-faithful illustrations of these containers are coordinate systems or 

way-time-diagrams, in which the results of the measurement made with rigid scales could be 

entered. The ratio of the substance "distance covered" to the substance "time needed for it" 

would form the velocity. These terms are considered by positivism as a firm basis for all ever 

executable experiments and conclusions, as the original source of the "given".  

The "relativization" of time and space by the special relativity theory did not change 

anything, and all its mental building blocks used by H.A. Lorentz, H. Poincare and A. Ein-

stein, above all those of a "coordinate transformation" (Minkowski diagrams, world lines, 

light cones etc.), remain attached to this substantiality.  

A misunderstanding with far-reaching consequences. For the concept of velocity was - 

from the point of view of positivism only consequently - also referred to the light pulse itself. 

Under the impression of material movements on the one hand and an apparently existing 

"movement" of light on the other hand, which appeared sensually perceptible for example in 

flashes, since Ole Römer also a "speed" was assigned to light.  

In the measurements of this "speed of light", however, too little attention was paid to 

the fact that one measures with instruments which are ultimately based on the propagation of 

light or try to represent this as exactly as possible. Every clock is a representative of the cour-

se of the world and therefore of the propagation of a light pulse (see above). In every material 

clock basically the same (in the end only in our cognition lying) causal process is realized, 

which is also the basis of the propagation of a light pulse. The expiration speed of the clock 

(the "delayed" course of the causal expiration) leads back in the ideal case to the propagation 

of a light pulse with "light speed". With the measurement of the "speed of light" one therefore 

compares the "speed" of a light pulse with a light pulse and can only come to the result that a 

light pulse is 1 to 1 equally "fast" as a light pulse.  

The measurement of the "speed of light" is therefore in the end a tautological underta-

king which conceals this defect by the fact that it fans out the result which is fixed from the 

beginning, the value "1", into the measuring units of the metric system. However, the result of 

this measurement, the value of about 300000 km/sec, which is based on coincidental histori-

cal units of distance and time, was finally replaced by the velocity value "1". But the reason 
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for this was not the recognized senselessness of the measurement, but the "phenomenon" that 

nobody can reach or even exceed the speed of 300000 km/sec, so that the role of an absolute 

"limit speed" with the dimensionless value "1" could be assigned to it, which facilitated the 

Minkowskian representation of the union of time and space. The belief in such a mysterious 

phenomenon of a limit velocity was nourished by the conviction that space and time, which 

would be determined by a "length measuring device" and a "time measuring device", would 

be independent quantities of being. The ray of light holds the "speed record" with reference to 

these quantities, which can be disputed by nobody.  

But there is no race between a photon and a spaceship where the light would always 

remain the winner in a mysterious way. The measured cannot grow beyond its scale or its 

own reason of existence. Between a "speed of light" which cannot be exceeded because of 

mysterious forces and a limit for coordinate speeds of matter points which results from the 

rules of the determination of "speed", that is its definition, there is a difference.  

 

10. Coordinate velocity and intrinsic velocity:  
If a point of matter (mirror) moves towards an observer even with high speed, a light 

pulse sent from the observer to this moved point of matter always returns to its starting point 

after its reflection in itself before the point of matter at which it was reflected. It is impossible 

in view of the above described regularity of the absolute half-time reflection to imagine that a 

matter point could approach so "fast" that it still arrives before the photon reflected at it befo-

re. From this alone it follows that a matter point cannot reach the "speed of light", let alone 

exceed it. 

A simple method to measure a velocity (and to define this term thereby also) is to send 

a light pulse to an approaching matter point, which is sent back there half-time-reflexively. 

From the halved expiration phase in light seconds both the time of the event of the arrival of 

the light pulse at the matter point and the distance of the matter point from the observer at this 

time result. The ratio of the travel time of the matter point to the propagation time of the light 

pulse from this event to the arrival at the observer is the coordinate velocity v of the matter 

point.  

The Poincare's dilemma caused by the substantialization of time and space, according 

to which it would be difficult to separate the qualitative problem of simultaneity from the 

quantitative problem of time measurement, respectively according to which only the know-
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ledge of a velocity would allow the definition of simultaneity, but the measurement of veloci-

ty would presuppose this definition of simultaneity, does not come into view with this ele-

mentary form of velocity measurement. The observer needs a light clock as counter for the 

mentioned expiration phase of his light pulse, but no synchronized clocks and no "simultanei-

ty".  

With the measurement of a coordinate velocity v it is therefore not determined how 

many "meters" a point of matter covers per "second", but which quota of the "velocity of 

light" lying between 0 and 1 a point of matter reaches (see H. Bondi, loc. cit., p 29f). The 

coordinate velocity is measured with the "competition judge method". An observer located at 

the starting point of a run determines the (rest) length of a run with the help of a reflected 

light pulse. He uses this light pulse to synchronize the clocks resting at the start and end of the 

run. The coordinate speed of a runner is the quotient length of the path (with the unit light 

seconds) by the time needed from the start to the finish (with the unit light seconds). It is cru-

cial that both measured values are determined from the point of view of the same reference 

system (the "resting" race judge).  

With the definition of the coordinate velocity, as said before, a central statement of the 

special relativity theory is self-evident: however one increases a coordinate velocity of a mat-

ter point, it could never reach the ratio value "1". In other words: Coordinate velocities do not 

add linearly.  

On the other hand, the other way of determination or definition of a velocity, the 

"intrinsic velocity" V (cf. L. Epstein, Relativitätstheorie anschaulich dargestellt, 2nd ed: Birk-

häuser (1988), p 77f), on the fact that a measured value (the distance) collected from the point 

of view of one reference frame is related to a measured value (the time) collected from the 

point of view of the other reference frame. This presupposes that one reference system can 

make its measurement result known to the other reference system by linguistic transmission.  

The determination of the own speed is done with the "motorist method": A motorist 

stops the time between two highway poles passing him with his carried watch. He knows their 

distance from the freeway service. The intrinsic speed is the ratio of the length of the distance 

measured from the view of the road (system 1) to the "intrinsic time" measured in the car 

(system 2), during which this distance passes the motorist. The intrinsic velocity V is larger 

than the coordinate velocity v by the Lorentz factor (V = v/sqr(1-v2)). It can theoretically 

become infinitely large.  
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Not the coordinate velocity, but the intrinsic velocity is the decisive term for the pro-

gress of a traveler, because it expresses which life time a traveler has to spend to cover a 

certain distance (the travel path, which is in motion opposite to the traveler and passes him 

contracted with the corresponding coordinate velocity). It is very well possible with regard to 

the intrinsic speed to travel with superluminal speed. 

 

11. From the path-time diagram to a relational frame of reference:  
The description of events (of the emission and the arrival of light pulses) or the mo-

vements of matter points which can be derived from them is traditionally done with the help 

of a (Cartesian) unaccelerated reference system with three axes standing perpendicular to each 

other. In order to be able to represent also the time axis graphically, at least one space axis is 

omitted and replaced by the time axis. The axes are the substantial reference quantities of 

"space" (s) and "time" (t) in certain units (meter, second). 

Path-time diagrams with a space axis and a time axis can be misleading. The pencil 

line connecting the space and time coordinate values of the events of the presence of a mo-

ving (matter) point (called "world line" by H. Minkowski) can develop a life of its own (see 

Fig. 2). There is the danger to confuse such a world line (which in Fig. 2 e.g. passes the 

events E1 and E3 in a straight line) with a track which would describe a photon or a moving 

point of matter in the real world. 

 

Fig. 2: Path-time diagram with "light cones" and "world lines 
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The propagation of light pulses (dash-dotted lines) is also represented by world lines. 

The world lines of two light pulses emitted in opposite directions divide the area on the left 

and on the right of the time axis t in each case in an angle of 45° and enclose a "light cone". 

Movements of matter points occur within the light cone (below the "speed of light). The su-

perluminal velocity area lying outside of the "light cone" is understood in the context of a 

"splitting of the space-time manifold" as a "time-sequence indeterminate area" (cf. H. Rei-

chenbach, loc. cit.; § 29, p. 213).  

A way-time-diagram cannot be taken, which mysterious barrier should prevent a point 

of matter to move faster than the light in these containers of time and space. 

This is different with a "relational" coordinate system. Also this has three spatial or-

thogonal coordinate axes. The spatial distance between an event E1 of the emission of a light 

pulse and an event E of2 the arrival of this light pulse is the length of the propagation of this 

light pulse. A light pulse always covers that in space what it needs in time for it. The length of 

the propagation of the mentioned light pulse determines therefore also the temporal distance 

of these events from each other.  

The time axis of the relational coordinate system is moved at a relational reference 

system the length of the propagations of the light pulses which are emitted by light sources 

which are at rest from the view of this system. A light pulse going out from the origin of the 

reference system (uU several times deflected) shows by the length of its propagation the "ti-

me" passed in this system. Such a measurement of the time is analogous to the counting of the 

covered kilometers with the odometer of a car, which is independent of the taken directions 

(see H. Bondi, loc. cit., p 48ff). Everywhere, where the - uU several times diverted or reflec-

ted - light pulse just arrives, the time corresponding to the total length of its propagation from 

the origin of the coordinate system has passed. If one imagines synchronized clocks distribu-

ted everywhere in the system, which were set to zero at the emission of the light pulse, then 

the total length of the seamlessly strung together propagation processes of the light pulse is 

equal to the time display of the clock, at which the tip of the light pulse just passes. Each light 

pulse in a system can be understood as a light clock of this system. The rate of this light clock 

is not affected by the fact that the photon at the tip of the light pulse has been deflected or that 

there are several light propagations in a row in different directions (Fig. 3). The vectorial ad-

dition of the lengths of the propagation of such light pulses expresses the spatial distance, the 

scalar addition of the lengths of the propagation of the light pulses expresses the temporal 

distance of an event of arrival (E 3, E 7and E 9) from the event of emission at the origin (E 1). 
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Fig. 3: Relational sequence-integrated coordinate system 

 

The uniform movement of a matter point from E 1(origin) to E7 is 7described by two 

light pulses strung together from E 1E 6and from E 6to E. The time 7required by the matter 

point for its direct path from E 1to E is expressed in the total length of the propagation of the 

redirected light pulses.  

If the event E8 is the reflection of the light pulse at a matter point approaching from 

the right to the left in the direction of the origin, it goes without saying that the matter point 

cannot arrive at the origin before the light pulse reflected at it before (before the event E 9). A 

relational coordinate system makes clear from the beginning that a (coordinate) velocity can 

never become as large as the propagation of a light pulse in this coordinate system.  

If one designates the three spatial axes standing orthogonally on each other with x, y 

and z and the length of the propagation of the light pulse (the time axis) with t, then at any 

photon emitted from the origin of the system at the tip of a light pulse, the spatial distance of 

the photon from the origin is always equal to its temporal distance: x 2+y 2+z 2-t 2=0. This 

equation expresses that a light pulse covers at its propagation that at space what it needs at 

time for it. This relation is the basis of the "four-dimensional", "pseudo Euclidean", "hyperbo-

lic" metric of space-time (cf. the conclusions drawn from this geometry of light for the "struc-

ture" of space and time, H. Reichenbach, loc. cit. p 198ff, as well as W. Stegmüller, loc. cit. p 

144ff).  
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12. Back to the moving light clock:  
The traditional view considers space and time as independent of the propagation of 

light. In view of their constant "speed of light", they also attribute to the light pulses an exis-

tence independent of their light source.  

On this basis one came to the conviction with the mental "observation" of a light pulse 

in a moved light clock (see above) that the time would pass more slowly with a moved obser-

ver. On this basis lets B. Russel, The ABC of Relativity, p. 45, for a multiplicity of persons, 

which are in motion to each other, a light signal prevailing outside of all systems starts. He 

then offers the "only possible" explanation for the fact that the light waves of each of these 

persons would be 300000 km away after one second, that the clocks would be influenced by 

the movements of the persons.  

Also with A. Einstein, when two observers meet, a "common" light pulse is emitted 

longitudinally in or against their direction of motion, which both "observe".  

If in the thought experiment actually only one (outside of the systems prevailing) light 

pulse would be "observed", then one could not become aware of the principle of the half-time 

reflection valid for every observer and the different spatial and temporal distances between 

events from the view of different observers could not be understood correctly.  

Only for the observer, who himself has emitted a light pulse, the outward and return 

path of the photon at the tip of this light pulse are of equal length.  

Therefore, the thought experiments with light pulses are never only about one light 

pulse from an undefined light source, which would be decisive for both observers. Rather, the 

thought experiment - or each measurement of distances between events - is to be based on the 

fact that each observer - at least fictitiously - emits one light pulse each from a light source 

resting with him.  

2. the light pulses from two light sources moving towards each other are emitted at 

their encounter in different directions in such a way that the two photons at the peaks of the 

light pulses propagate together. The length of the propagation of each observer's own light 

pulse can be determined by half-time reflection. This propagation corresponds from the view 

of the respective observer to the spatial and temporal distance between the event of the emis-

sion and the event of the arrival (a photon always covers that at space, which passes at time 

for it). The distances determined in such a way from the point of view of the one system stand 

with the determined distances from the point of view of the other system - linked by the 
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common effect propagation of the photons at the peaks of the light pulse pairs - in the relati-

onship of a calculable "relational symmetry" (Lorentz transformation). 

In the following a light clock is examined, in which not only a light pulse is emitted 

perpendicularly to the movement axis of the observers, but light pulses in all directions. At 

the meeting of the two observers moving to each other, each emits - as in the example descri-

bed above by B. Russel - a spherical wave of light.  

For each light pulse 1 emitted by an observer 1 with a certain propagation length and 

direction, there is in each case only one complementary light pulse 2 emitted by observer 2, 

whose photon at the tip propagates together with the photon at the tip of light pulse 1.  

The simplest case of such a coordination arises, if two observers at their meeting (with 

covering of the origins of their coordinate systems) emit in each case a photon at the top of 

their light pulses in the same direction along their axis of motion. These photons spread in this 

case without further action together (coordinated). A photon cannot overtake another one. 

For light pulses in other directions, coordination is somewhat more difficult. If at ori-

gin coverage the two photons have started their propagation at the peak of their light pulses, 

there may be solutions for the searched direction of the light pulse 2 at a given "oblique" light 

pulse 1, where the photon 2 is aligned too flat, considering the motion of the light sources 

(observers) with a certain relative velocity v, so that it reaches beyond the trajectory described 

by photon 1. There may also be solutions where the photon 2 is aligned too steeply so that it 

does not reach the orbit described by photon 1. But there must be an intermediate direction of 

the light pulse 2, where - in accordance with the motion of the systems to each other - the 

photon 2 propagates congruently with the photon 1, so that the two photons, whose light 

sources are resting in systems moving to each other, describe a common path.  

In the constellation where a light pulse 1 is orthogonal to the axis of motion (to the x-

coordinate), the coordinated light pulse 2 can be determined on the basis of conventional ha-

bits of thought. A light pulse emitted orthogonally from the point of view of one system is 

also recorded in the same orthogonal propagation length from the point of view of the other 

system, because lengths perpendicular to the direction of motion are the same from the point 

of view of both systems. The orthogonal orientation of a structure (scale) is not influenced by 

the relative velocity of the systems (compare the examples in H. Thirring, Die Idee der Rela-

tivitätstheorie, Springer 1921, p 57f).  
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From the point of view of observer 1, the photon at the tip of light pulse 1 begins its 

propagation at origin 1 perpendicular to the axis of motion at event E Aand ends it at event E 

1. This process takes the time span t1 . In order to determine the time span t2, which this pro-

cess takes from the point of view of the observer 2, it must be asked, which path the photon at 

the tip of the light pulse 2 must take from the event E from theA point of view of the observer 

2, so that it 1arrives at the event E after the elapse of the searched time span t2. The answer 

results from the right hand side of the equation. The answer is given by the right-angled tri-

angle consisting of the distance v*t2(by which observer 1 has moved away from observer 2 at 

the end of the process from the point of view of observer 2), of the distance c*t 1perpendicular 

to the axis of motion (which is the same from the point of view of both observers) and of the 

distance c*t 2(the searched path of the photon from the point of view of observer 2). From this 

it follows that the process duration t 2is longer than the process duration t 1by the so-called 

"Lorentz factor" 1/sqr(1-v 2/c 2). If the constant effect propagation (the "speed of light") is set 

"1", the coordinate velocity v in the triangle takes a value between 0 and 1 (it is a percentage 

of the "speed of light"). The Lorentz factor simplifies to t 2= t 1/sqr(1-v 2).  

Now the ratio of all light pulses 1 of a spherical wave or a beam ring, which are emit-

ted by a light source resting in the reference system 1, to the light pulses 2 of the other spheri-

cal wave or the other beam ring, which are emitted by a light source resting in the reference 

system 2, can be determined. The function is searched, from which to any light pulse 1 the 

complementary light pulse 2 results. 

In a system 1, at event EA, a spherical wave of light (a ring of rays) is emitted from 

light pulses 1. From the point of view of the system 1, these are all 12reflected at the same 

distance from the coordinate origin 1 (at a circle around it) at the events E 1to E. These events 

of the reflection take place after the same expiry phase of the light pulses 1 ( simultaneously ). 

Then the reflected light pulses 1 return to the coordinate origin 1 resting in the system 1 at the 

event E after another equal expiry phase ("simultaneously"). EEach composite light pulse 1 

consists of two oppositely directed sections a and b of equal length, which, when added toge-

ther, give the total lengths of the propagation of the light pulses 1 of equal size. This is 

nothing else than a light clock limited by a spherical shell, whose individual light pulses indi-

cate the same clock. 

The origin of the system 2 moves from the right to the left from the view of the system 

1 with the coordinate velocity v = 0,75. Coordinated light pulses a' and b' of system 2 are 

emitted to each of the two sections of light pulses a and b. From the point of view of the sys-
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tem 2, the light pulses 2 a' begin their propagation at the coordinate origin 2. The propagation 

of the photons 2 at the tip of the light pulses 2 a' is coordinated with the photons 1 at the tip of 

the light pulses 1 a and ends at the respective events E 1to E 12. The photons 2 then return re-

flected at the tip of the light pulses 2 b' together with the photons 1 at the tips of the light pul-

ses 1 b to the coordinate origin 1 which - from the point of view of the system 2 - has moved 

further to the right, where all light pulses arrive coincident. Also the light pulses 2 a' and b' 

are added up from the view of the system 2 to a total length of the propagation of the light 

pulses 2. From the point of view of the system 2, the sum of the light pulses 2 added together 

- the sum of their sections a' and b' - must be equal, otherwise they would not return together 

to the coordinate origin 1 from the point of view of the system 2. The completion of the clock 

from the point of view of the system 1 (the return of all light pulses 1 to the origin 1) takes 

place also from the point of view of the system 2 as identical event (the common arrival of all 

light pulses 2 at the origin 1). 

For a particular light pulse 2 in a particular direction, the total length of the sections a' 

+ b' is already known: The orthogonal light pulses 1 a and b with the reflection event E1 (or 

alternatively E7 ) include the coordinated light pulses 2 a' and b'. The sum of the lengths of the 

two propagations of the light pulses a' and b' is altogether greater than the sum of the lengths 

of the two propagations of the light pulses1 a and b by the factor 1/sqr(1-v ).2 

Since because of the incident return the total propagation of each light pulse 2 a' + b' is 

of equal length, from the point of view of the system 2 all reflection events must lie on the 

circumference of a resting ellipse (or in case of three-dimensional consideration on the mantle 

of a rotational ellipsoid rotated about an axis of this ellipse). The numerical eccentricity of the 

ellipse depends on the coordinate velocity v of the systems with respect to each other. Just as 

the light pulses 1 a + b lie on the radii of the circle from the point of view of system 1, the 

light pulses 2 a' + b' lie on the focal pairs of an ellipse from the point of view of system 2. 

From the point of view of system 2, the sum of the lengths of each of these focal ray pairs 

must also be greater by the factor 1/sqr(1-v 2) than the sum of the two radii of the circle from 

the point of view of system 1. From the point of view of system 2, the focal points of the el-

lipse are the coordinate origin 2 and the position of coordinate origin 1 at the end of the re-

flection process. 

Now only the question has to be answered, which part of the propagation of a light 

pulse 2 is allotted to its section a' and which part to its section b'. From the point of view of 

system 1, all reflection events lie on a sphere with radius 1. From the point of view of system 
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2, all reflection events lie on the mantle of a rotational ellipsoid defined by the factor 1/sqr(1-

v 2). For coordinated light pulses, the distances orthogonal to the axis of motion (to the 

respective x-axis) (the values of the respective y-coordinate) are equal from the point of view 

of both systems. The point lying at the circumference of an ellipse from the point of view of 

system 2 or the point lying at the circumference of a circle from the point of view of system 1 

(the two points stand for one and the same event) lie at the same height of their y-coordinates 

from the point of view of both systems. Thus, for any given light pulse 1 a or b, the respective 

lengths and the respective angles of the complementary light pulses 2 a' or b' are found (Fig. 

4).  

 

 

Fig. 4: Relational symmetry (the origin of system 2 moves from right to left as seen by 

system 1).  

 

From the geometric relationship between the circle and the ellipse, the ratios of the 

respective propagation of the light pulses to each other can be calculated for all directions, for 

example the ratio of the light pulse a emitted from event E Ato event E 4 along the axis of mo-

tion to the complementary light pulse a': 

a'=((a'+b')-v*(a'+b'))/2 

a'+b'=(a+b)/sqr(1-v 2)=2a/sqr(1-v 2) 

a'=a*(1-v)/sqr(1-v 2). 

For the opposite direction from event E Ato event E 10 
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b'=v*(a'+b')+a' 

b'=v*2b/sqr(1-v 2)+b*(1-v)/sqr(1-v 2) 

b'=b*(1+v)/sqr(1-v 2). 

The length of the propagation of the light pulses a, a' and b, b' corresponds to the time 

spans t1point of view of system 1 and t 2from the point of view of system 2: 

t 2= t 1*(1-v)/sqr(1-v 2) or in the opposite direction t 2= t 1*(1+v)/sqr(1-v 2). 

These equations follow - apart from this purely geometrical derivation - also from the 

consideration that the ratio of the lengths of the propagations of two coordinated light pulses, 

which are emitted at original coverage by two light sources L 1and L2 moving to each other 

with the relative velocity v along the axis of motion in one direction, must be equal to the 

ratio of the lengths of the propagations of the light pulses emitted in the other direction (t1r 2lto 

t 2r= t to t 1l). Furthermore, the true length of the propagation of a coordinated light pulse from 

the point of view of the opposing system must differ by a factor k from the length of the pro-

pagation of this light pulse which is assumed from the point of view of the other system in 

view of the location of the origin of the opposing system reached with the speed v after the 

relevant time.  

t 1l/t 2l= t2r /t 1r 

t 2l= k*(t 1l+ v*t 1l) 

t 2r= k*(t 1r- v*t 1r) 

k = 1/sqr(1-v2) 

t 2l= t1l (1+v)/sqr(1-v 2) 

t 2r= t1r (1-v)/sqr(1-v 2). 

This now results in the transformation equations for a conversion of the coordinate va-

lues of an event from the point of view of system 1 into the coordinate values of the same 

event from the point of view of system 2:  

Two light pulses in the above sense emitted Acoordinately at the event E in one direc-

tion along the common axis of motion x, then reflected and Ereturning to the event E propaga-

te from the point of view of the system 1 to the extent a in the direction of 1execution and to 

the extent b1 in the opposite direction. From the point of view of the other system 2, the 

lengths of the propagation of the complementary light pulses are a2and b 2.  
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Considering the common emission of both photons at the tip of the complementary 

light pulses (once at the event E Ataking place at the origin of coordinates and once at the 

event of the respective reflection) and the common return of the photon pair (event E E), the 

coordinate values of the event E Eresult from the view of the system 1 with x 1=a 1-b 1; t 1=a 

1+b 1, therefore a 1=(t 1+x )1/2 and b 1=(t 1-x 1)/2, resp. from the point of view of the system 2 

moving relative to it with v with x 2=a 2-b 2; t 2=a 2+b 2, therefore a 2=(t 2+x )2/2 and b 2=(t 2-x 

2)/2.  

The light pulses of the two systems are in relation to each other with the relational 

symmetry a 2=a 1*(1-v)/sqr(1-v 2) or b 2=b 1*(1+v)/sqr(1-v 2). Substituting a 2and a 1or b 2and 

b from 1the above equations gives t 2+x 2=(t 1+x 1-v*t 1-v*x 1)/sqr(1-v 2) and t 2-x 2=(t 1-x 

1+v*t 1-v*x 1)/sqr(1-v 2).  

Time coordinate value: 

t 2=(t 1-v*x1 )/sqr(1-v 2)  

Spatial coordinate value in the direction of the axis of motion: 

x 2=(x 1-v*t1 )/sqr(1-v 2)  

The two other spatial coordinate values remain the same as being perpendicular to the 

axis of motion: 

y 2= y 1 

2z = z 1 

From time t 1and location x of 1an event from the view of the coordinate system 1, ti-

me t2 and location x2 of the event from the view of the coordinate system 2 moved relative to 

it can be calculated ("Lorentz transformation"). In other words: The Lorentz transformation 

gives information for clocks moved past each other, which were synchronized in their respec-

tive system and were set up at the same distance from each other, which clock of the system S 

(location, pointer position) meets which clock of the system S' moved relative to it (location, 

pointer position).  

In Fig. 4, starting from the moment when the light pulses are emitted at the original 

coverage, the events E 1to E12 occur simultaneously from the point of view of system 1, but 

consecutively from the point of view of system 2 (event E is the first, event E4last10).  
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This divergence of the simultaneity of distant events as seen by different observers is 

foreign to our habits of thought.  

It is even more strange that the event EE of the incidental return of all light pulses at 

the origin 1, which takes place directly at the observer 1, occurs from the point of view of the 

system 1 at a different time than from the point of view of the system 2. As results from the 

longer propagation of each of the composite light pulses 2 along the focal rays of the ellipse, 

at the occurrence of the mentioned event at the place of the distant observer 1, from the point 

of view of the system 2 more time has passed since the origin cover by the factor 1/sqr(1-v 2) 

than from the point of view of the system 1.  

This can be illustrated by the example of the direct comparison of the displays of clo-

cks, which are distributed all over the room and move past each other.  

In the system 1 everywhere in equal distances resting clocks have been distributed, 

whose position has been synchronized with the clock resting in the origin of the system 1. The 

same applies to the system 2. If a light pulse 1 (a consecutive sequence of light pulses 1) pro-

pagates from the origin of the system 1, then the clock of the system 1, at which the tip of this 

light pulse 1 just passes, shows the time which corresponds to the length of the propagation of 

the light pulse 1 until then. The same applies to a light pulse 2 of the system 2.  

The photons at the tip of coordinated light pulses of the systems 1 and 2 always pass 

together at clocks of their respective systems, i.e. at two clocks moving to each other, which 

just meet. The light pulse 2 of the moved system 2 coordinated with the light pulse of the sys-

tem 1 has a different length of the propagation than the light pulse 1. This means that the clo-

cks of the two systems which meet just now do not show the same time although the clocks 

which were set up in the origins of the systems 1 and 2 were set to zero at their meeting, all 

clocks of a system show the same time as this clock in the respective origin and from the view 

of their respective system all clocks were set up at the same distance from each other.  

The clock of the observer 1 shows therefore at the described return of all light pulses 

to him a different time than the clock of the system 2, which just passes by him at this time.  
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The consequences of these divergent time indications of clocks meeting each other 

(synchronized in their respective systems and set to zero at origin cover of the systems) are 

shown by the example of the journey of a muon from the stratosphere to the surface of the 

earth. In spite of the - from the point of view of the system of the muon - relatively short 

(proper) time of its existence, the muon can reach the far away surface of the earth with its - at 

superficial view not sufficient - coordinate velocity. For the success of the journey, not the 

non-coordinate velocity (path from view orange/time from view orange), but the intrinsic ve-

locity (path from view yellow/time from view orange) is decisive (Fig. 5 and 6).  

 

Fig. 5: Travel from view yellow (stratosphere) 

(https://www.geogebra.org/m/gkbdmtcu) 

Fig. 6: Journey from view orange (muon) (https://www.geogebra.org/m/yegvucvk) 

 

In summary, the fronts of the two spherical waves of light, which emanate from mutu-

ally moving light sources at origin coverage, propagate in a coordinated manner, because the 

photons at the peaks of the individual light pulses cannot overtake each other. From the com-

mon wave front, which has no geometrically graspable surface, but which establishes an inner 

connection between the two coordinate systems, the transformation equations result, with 

which from the coordinates of an event from the view of the reference system 1 the coordina-

tes of this event from the view of a reference system 2 moved relatively to it can be calcula-

ted.   
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13. Light-like distances between events:  
A light pulse always covers that in space which passes in time. It is spatially always as 

far away from its starting point as it needs time to return to it. The sending out and the arrival 

of a light pulse are two events which are "light-like" (in the extent of the propagation of this 

light pulse) away from each other. The one event is the cause of the second.  

In other words: The difference between the spatial and the (here equally large) tempo-

ral distance square - the so-called "spatiotemporal interval" or the "spatiotemporal distance" - 

is from the view of all systems in this case in each case zero. If x, y and z are the three spatial 

coordinate values of the event of arrival of a light pulse emitted from the origin of the system 

and if t denotes the time this propagation took, the spatiotemporal distance of the event of 

emission from the event of arrival of zero is expressed by the equations x2 +y2 +z 2-t 2=0 from 

the point of view of the system S and x'2 +y' 2+z' 2-t' 2=0 from the point of view of the system 

S' (by the difference of the distance squares). The equations each describe a light pulse of a 

spherical wave for which the spatial distance traveled by the photon from the origin of the 

respective system (the square root of the sum of the squared coordinate values) is equal to the 

length of the propagation of the light pulse (the temporal distance t) from the origin to its arri-

val.  

If one defines the temporal distance - with respect to the necessary difference formati-

on between squared values - as imaginary quantity x 4=t*sqr(-1), then the equation for light-

like distances takes the form of a "four-vector" x 12+x 2232+x 42=0.  

The interpretation of these four-vectors resp. the Lorentz transformation by H. Poin-

care resp. H. Minkowski as a "rotation" in a Euclidean four-dimensional space-time can 

hardly contribute anything to the understanding of these relations. It is true that the metric in 

special relativity in the mathematical garb in which it is presented in terms of "world points" 

is difficult to explain to a non-mathematician (cf. E. Schrödinger, The Structure of Space-

Time, transl. J. Audretsch, Darmstadt: Wissenschaftliche Buchgesellschaft (1987), p 78ff). 

But it is also true that the mathematician is in danger to miss the correct intuitive conception 

and the conceptual realization of this metric. In this respect, M. Planck's reference to a 

(merely) formal relationship with four-dimensional geometry, in whose four world coordina-

tes the principle of action is contained as the highest physical law, is instructive (M. Planck, 
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Physikalische Rundblicke, Leipzig: S. Hirzel (1922), Die Stellung der neueren Physik zur 

mechanischen Naturanschauung, p 56 ff).  

The respective coordinates of light-like distant events from the view of two systems 

moving to each other resulting from the Lorentz transformation correspond to the relation of a 

circle to an ellipse (Fig. 4-7): 

 

Fig. 7: Lorentz transformation of a light-like distance between the events E 1and E 

2(https://www.geogebra.org/m/gabnjkkk and https://www.geogebra.org/m/c2dp4pbc, respec-

tively). 

 

 

 

 

14. Spatial and temporal distances between events:  
The spatial and temporal conditions of a world reconstructed from light pulses show 

up when the spatiotemporal distance existing between two events is not zero (not light-like).  

The deviation from a spatiotemporal distance of zero can occur in two forms: "time-

like" or "spatiotemporal". 

1. to the time-like spatio-temporal distance: the basic experience of the time is gene-

rally regarded based on the fact that - from the point of view of all observers - the temporal 
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distance of the occurrence of two events from each other is greater than their spatial distance. 

From the point of view of a system moving with a certain relative velocity, the mentioned 

events take place successively at the same place ("reference system"). The events have then 

only a temporal, but no more spatial distance from each other and establish in relation to this 

place (the "here") from the view of this system the temporal course of the world.  

The spatiotemporal distance between the two events characterized in this way is called 

time-like after the predominant element. It remains the same in its mathematically expressed 

form of the difference of the distance squares, independently of the view from which system 

the events are recorded.  

Practically, a time-like interval between two events occurs when a light pulse emitted 

in any direction at the first event is followed by a second light pulse emitted in any direction 

that arrives at the second event. 

If two light pulses propagate from event E1 first in one direction, then in another direc-

tion and 2arrive at event E after the respective phases, then the temporal distance "t" of events 

E 1and E2 from each other is the sum of the length of the propagation of the two light pulses 

and their spatial distance "s" is that of the photon at the tip of the second light pulse from the 

origin (Fig. 8). The temporal distance t is here always larger than the spatial distance s. 
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Fig. 8: Time-like interval (S-TLS = light pulse) 

 

Events which are distant in time do not take place at the same time from the point of 

view of any system. They happen in a further sense at the "same place", because they take 

place in any case in greater temporal than spatial distance from each other. From the point of 

view of other reference systems, the events can move closer and closer to each other spatially 

according to the laws of relational symmetry presented above, depending on their speed, until 

they finally take place one after the other in a "reference system" at the "same place".  

If the two events are plotted in a coordinate system with one spatial and one temporal 

dimension, the spatiotemporal distance (here: s) in the form of the difference of the distance 

squares of time (t) and space (here: x) from the point of view of systems with different relati-

ve velocities is represented as follows (Fig. 9; s 2= t 2- x 2): 
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Fig. 9: Time-like distance between two events E1and E triggered by successive light 

pulses 2(https://www.geogebra.org/m/dnehkeky) 

 

The propagation lengths of the light pulses a and b from the point of view of the initial 

system S transform into the propagation lengths a' and b' from the point of view of a reference 

system S' moving to the left with the relative velocity v according to a right-angled triangle. 

With increasing relative velocity v, from the point of view of the moving reference system S', 

the length of propagation of its light pulse b' directed to the right becomes larger, and that of 

its light pulse a' transmitted to the left becomes smaller. From the point of view of a moving 

reference system S', the events E1 and E2 continue to take place one after the other, but no 

longer at the same location. From the point of view of the respective reference system, the 

spatial distance of the events x (a' - b'), the temporal distance of the events t (a' + b') and the 

"spatiotemporal distance" s (the difference between the temporal and spatial distance squares) 

form a right-angled triangle. The spatiotemporal distance s of the two events from each other 

remains the same from the view of all reference frames: s2= t 2- x 2= const (= 4a'b').   

2. to the space-like spatiotemporal distance: the basic experience of the space is gene-

rally considered based on the fact that - from the point of view of all observers - the spatial 

distance of the occurrence of two events from each other is greater than their temporal dis-

tance. By suitable relative velocity of a system it can be caused that the mentioned events 

from the view of a "reference system" moving with certain velocity take place next to each 

other at the same time, the temporal component thus becomes zero ("simultaneity" in the 

narrower sense). The events have then only a spatial, but no more temporal distance from 

each other and establish in relation to the present formed by the named point of time (the 

"now") from the view of this system the spatially divided world.  

The spatiotemporal distance between the two events characterized in this way is called 

spatiotemporal after the predominant element. It remains the same in its mathematically ex-

pressed form of the difference of the distance squares, independently of the view from which 

system the events are recorded.  
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Practically a space-like interval between two events arises, if in the system 1 two light 

pulses are emitted from the origin 1 simultaneously in arbitrary directions and these arrive 

after their respective expiry phase at the events E1 and E.2 The interval between the two 

events is called "space interval". These events then have that spatial distance "s" from each 

other, which the photons at the tip of said light pulses have built up considering their propaga-

tion in different directions. The temporal distance "t" of these events from each other results 

from the difference of the lengths of the propagations of the two light pulses from the origin 

to the events. It is thus always smaller than the spatial distance s. Between these events there 

is thus a space-like interval. Its characteristic spatial element consists in the fact that a third 

light pulse of any system emitted at the first event would always "come too late" to the second 

event. The events take place in a further sense in all systems "at the same time" (fig. 10). 

 

Fig. 10: Spatial interval (S-TLS = light pulse) 

 

Even if the light pulses of this "light circle" were emitted almost in the same direction, 

the spatial distance s of their peaks from each other could never be smaller than the temporal 

distance t resulting from their sequence difference. If the light pulses would be emitted in the 

same direction and one light pulse would 2end at an event E1, the other one at an event E, the 

difference of the distance squares of these two events from each other would be zero (light-

like distance, see above).  

If the two events are plotted in a coordinate system with one spatial and one temporal 

dimension, the spatiotemporal distance (here: s) in the form of the difference of the distance 
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squares of space (here: x) and time (t) from the point of view of systems with different relati-

ve velocities is represented as follows (Fig. 11; s 2= x 2- t 2): 

 

 

 

Fig.11: Space-like distance between two events E1and E triggered by diverging light 

pulses 2(https://www.geogebra.org/m/hqhchvdu) 

 

The event E1 takes place in the origin of the initial system S (or in the origin of the dif-

ferent reference systems S') with coordinate values of zero in each case. From the point of 

view of the initial system S, the events E1 and E2 have a temporal distance of a - b from each 

other (they occur simultaneously) and a spatial distance of a + b (they lie next to each other). 

The propagation lengths of the light pulses a and b, respectively, transform into the propaga-

tion lengths a' and b' from the point of view of a reference system S' moving to the left with 

the relative velocity v according to a right-angled triangle. With increasing relative velocity v, 

from the point of view of the moving reference system S', the length of propagation of its 

light pulse a' sent to the left becomes smaller, and that of its light pulse b' sent to the right 

becomes larger. From the point of view of a moving reference system S', the events E1 and E2 

still take place next to each other, but no longer simultaneously. From the point of view of the 
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respective reference system, the spatial distance of the events x (a' + b'), the temporal distance 

of the events t (a' - b') and the "spatiotemporal distance" s (the difference between the spatial 

and temporal distance squares) form a right-angled triangle. The spatiotemporal distance s of 

the two events from each other remains the same from the view of all reference frames: s2= x 
2- t 2= const (= 4a'b'). 

 

15. Doppler effect:  
Events, which take place at a certain time distance from each other (with a certain fre-

quency) at the transmitter (the successive emission of photons), cause by way of the propaga-

tion of light pulses events, which take place at the receiver and have a different time distance 

from each other (a certain other frequency) depending on the relative speed.  

In the longitudinal Doppler effect, light signal sequences are emitted along the axis of 

motion of transmitter 1 and receiver 2. The transmitter and receiver should initially be at rest 

at a certain spatial distance from each other. The transmitter emits the last photon of a signal 

sequence when the first photon arrives at the receiver. Let the length of the propagation of the 

last light pulse from the viewpoint of the transmitter be that of the light pulse 1. The fre-

quency of the signal sequence from the viewpoint of the transmitter f is sthe number of signals 

n divided by the length of the propagation of the light pulse 1 (for a light-like distance, the 

spatial distance is also the temporal distance). Coordinated to the light pulse 1, from the point 

of view of the system 2 of the receiver, an (imaginary) light pulse 2 is emitted in the direction 

of the receiver when the systems are originally covered.  

If the transmitter and receiver have the relative velocity v to each other, then from the 

point of view of the transmitter nothing changes in the length of the propagation of the light 

pulse 1 (rest length) and in the frequency f s, but in the length of the propagation of the light 

pulse 2 and in the frequency f e. Light pulse 2 = light pulse 1*sqr((1-v)/(1+v)) (see above). 

From the receiver's point of view, the n signals do not divide on the originally (in the absence 

of relative velocity) given length of the light pulse 1, but on the from the receiver's point of 

view smaller (or in case of reversal of the direction of motion larger) length of the comple-

mentary propagation of the light pulse 1 (Fig. 12).  
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Fig. 12: Longitudinal relativistic Doppler effect (S-TLS = light pulse). 

 

In the ratio between the light pulse 2 and the shorter light pulse 1 (upper part of Fig. 

12), the time span of the signal sequence as a whole and the individual time spans between 

the signals are shortened for the receiver. The receiving frequency is higher than the transmit-

ting frequency. The n events divided over a time of light pulse 2 result in a transmit frequency 

of f s = n/light pulse 2. The receive frequency f eis n/light pulse 1.  

fe /fs = (n/light pulse 1)/(n/light pulse 2) = light pulse 2/light pulse 1 = ((1+v)/sqr(1-v 
2))/1 

f e= f s*sqr((1+v)/(1-v)). 

When the transmitter moves away from the receiver, the ratio of the lengths of the 

propagation of the light pulses is reversed and a frequency reduction occurs at the receiver 

(lower part of Fig. 9): 

fe/fs = light pulse 2/light pulse 1 = ((1-v)/sqr(1-v 2))/1; 

f e= f s*sqr((1-v)/(1+v)). 

If the incoming signal sequence is reflected at the receiver, it returns to the transmitter 

with the frequency f increased again by the same factor, i.e. with f = f s*sqr((1+v)/(1-

v))*sqr((1+v)/(1-v) = f s*((1+v)/(1-v)) or with moving away with f = f s*((1-v)/(1+v)). These 

are those frequencies which would also be calculated according to the classical Doppler effect 

(with a signal sequence from reflected matter points) according to Newtonian mechanics. 



 

 42 

In the transverse Doppler effects, transmitter 1 and receiver 2 move past each other on 

parallel axes of motion. The receiver "sees" the photon at the tip of a light pulse 1, which was 

emitted by the transmitter orthogonally or obliquely to the axes of motion, as if it were co-

ming towards it from the direction (visual axis) of a coordinated (added) light pulse 2. This is 

also valid for all further emitted photons of a signal sequence, if the parallel axes of motion 

are sufficiently far away from each other, as it is the case with the observation of stars. The 

frequency change depends - analogous to the longitudinal Doppler effect - on the ratio of the 

lengths of the propagation of the light pulses 1 and 2, whereby the transmitting frequency 

depends on the length of the propagation of the light pulse 2 and the receiving frequency de-

pends on the length of the propagation of the light pulse 1.  

With sufficiently distant axes of motion and resulting constancy of the processes it can 

be assumed - analogous to the longitudinal Doppler effect - that n-photons are emitted over 

the period of the imaginary light pulse 2, which arrive at the receiver over the (shorter, equal 

or longer) period of the propagation of the light pulse 1. Each photon finds the same initial 

position with practically unchanged total distances. 

For a computational analysis, the process can be understood as if a fictitious transmit-

ter would approach the receiver longitudinally from the direction of the (imaginary) light pul-

se 2 with that velocity which corresponds to the ratio of the transformed lengths of the propa-

gation of the actual light pulses. Referring to this longitudinal component of the velocity vec-

tor of the transmitter as seen by the receiver, one would expect, according to Newtonian me-

chanics, that this component, effective for the Doppler effect, becomes zero when the light 

pulse 1 is emitted orthogonally to the axes of motion. As a look at the ratios of the light pulses 

1 and 2 (Fig. 4) shows, this is different according to relativistic mechanics. According to this, 

the distance-related relative motion is zero and a Doppler effect is absent if the coordinated 

light pulses become of equal length, which is the case at a certain outer end angle correspon-

ding to the velocity. It can be seen (Fig. 4) that a Doppler effect is not absent when the trans-

mitter sends its signals orthogonally, but only when it "retransmits" its signals to the receiver 

which is already moving away from the transmitter again. Contrary to what would be intuiti-

vely expected according to Newtonian mechanics, a "blue shift" (frequency increase) takes 

place up to this constellation and only then a "red shift" (frequency decrease) (Fig. 13). 
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Fig. 13: Transverse relativistic Doppler effect 

 

The sketch is based on transversal movements between transmitter and receiver on (dis-

tant) parallel axes of movement. The directions of the axes of emission (shown as bars in the 

sketch) and of the axes of view (shown as dashed dots in the sketch) are taken from the 

respective coordinated light pulses of two spherical waves of light (Fig. 4). From the light 

pulse 2, which follows the respective dash-dotted line, and its relation to the coordinated light 

pulse 1, which follows the respective bar, can be read off, in which direction the telescope of 

the receiver is to be aligned and which frequency the photon from its control room has. With a 

light pulse 1 emitted orthogonally to the parallel axes of motion, a frequency increase (blue 

shift) occurs at the receiver, which in this case finds an oblique viewing axis (corresponding 

to Bradley's aberration of starlight). In case of an orthogonally aligned viewing axis of the 

receiver, the axis of emission is inclined accordingly and a frequency decrease (red shift) oc-

curs. Finally, there is the mentioned intermediate position, where the axis of emission and the 

visual axis at v = 0.75 each assume an angle of about 60° and where the emitted and the re-

ceived frequency are equal.  

For the transversal relativistic Doppler effects, f e/f s= light pulse 2/light pulse 1. Ac-

cording to the transformation equations (see above), light pulse 2 = light pulse 

1*(1+cosalpha*v)/sqr(1-v 2). From this follows: 

f e= f s*(1+cosalpha*v)/sqr(1-v2). 

The relational symmetry of two spherical waves (Fig. 4) provides an intuitive ap-

proach to understanding the influence of relative motion of the light source on the frequency 
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of a light pulse emitted in any direction. The received frequency is directly proportional to the 

length of the propagation of the (imaginary) light pulse 2 compared to the light pulse 1.  

 

16. Rapidity:  
Against the assertion that nobody can reach or even exceed "speed of light" speaks 

that a point of matter can be accelerated more and more and the Doppler effect can be increa-

sed more and more.  

Besides the already discussed coordinate velocity and the intrinsic velocity, there is a 

third velocity term - less suitable for measurements than for calculations - that of rapidity. It 

serves in particular as a conversion quantity for the relativistic description of accelerated mo-

vements. At constant acceleration, the rapidity increases linearly with the passage of time and 

can be added indefinitely. The result of this velocity addition is then converted back into the 

relativistic coordinate velocity. The rapidity was first described and named by A. Robb.  

A (constantly) accelerated observer can always claim that he is always moving from a 

state of rest. By the relativistic Doppler effect a small admission of a velocity causes a small 

change of a frequency emitted by the observer and received by a "resting" measuring station 

in relation to a preceding resting state. If such a "first" velocity always starting from zero is 

added very often in succession, a succession of infinitesimal frequency increases with always 

the same factor results. The total extent of the frequency increase related to these linearly ad-

ded small velocities is calculated the more exactly, the smaller the velocity steps are.  

With respect to a first very small change of velocity the searched, linearly adding rapi-

dity r can be equated with the coordinate velocity v. Let us assume an increase of the rapidity 

r in each case by an infinite amount dr. The relativistic Doppler effect triggered by this is 

equal to that triggered by a first increase of the coordinate velocity v by an infinite amount dv. 

The relativistic change of frequency by this smallest change of velocity is given by f e= f 

s*sqr((1+dv)/(1-dv)) = f s*sqr((1+dr)/(1-dr)).  

If one increases the rapidity r in an infinite number of "k" infinite steps dr to a total of 

r = k*dr, then an output frequency f increasesssuch a way that the preceding frequency is mul-

tiplied again and again by the factor sqr((1+dr)/(1-dr)) mentioned above, altogether k times: f 

e=f s*(sqr((1+dr)/(1-dr)))^k. Inserting dr = r/k gives  

fe =f s*(sqr((1+r/k)/(1-r/k)))^k.  
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If k goes towards infinity, then when a rapidity r of "1" (the "speed of light") is 

reached, the Eulerian number e results as a factor by which the output frequency fs is to be 

multiplied in order to determine fe. If the rapidity r is increased additively by a constant 

amount, the factor by which the frequency increases remains the same for all increase steps 

even if the rapidity r increases. For r = 1, the output frequency increases by a factor of 

2.718268 (e 1), for r = 2 by a factor of e*e = 7.38898 (e 2), for r = 3 by a factor of e*e*e = 

20.085 (e 3), and so on. There is the relationship f e= f s*e r.  

The common basis of the coordinate velocity v and the rapidity r is the fact that due to 

the relativistic Doppler effect with increasing velocity (of both v and r) the factor of fre-

quency increase becomes larger and larger, in a bandwidth from 1 to infinity. This bandwidth 

corresponds to an increase in velocity from 0 to infinity for rapidity r and an increase from 0 

to 1 for coordinate velocity v. We know both the relationship between the frequency increase 

and rapidity r, and the relationship between the frequency increase and coordinate velocity v. 

After equating f e= f s*e rand f e= f s*sqr((1+v)/(1-v)), we get e r = sqr((1+v)/(1-v)). After loga-

rithmizing on both sides, the rapidity r results as area tangent hyperbolicus of v and the coor-

dinate velocity v results as tangent hyperbolicus of r (Fig. 14): 

r*ln(e)=ln(sqr((1+v)/(1-v))); ln(e) = 1 

r = ln(sqr((1+v)/(1-v))), or r = 1/2*ln((1+v)/(1-v)),  

r = artanh(v); 

e r=sqr((1+v)/(1-v)); e2*r =(1+v)/(1-v); 

v = (e 2*r-1)/(e 2*r+1),  

v = tanh(r). 
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Fig. 14: Coordinate velocity v (y) and rapidity r (x) 

 

The rapidity r permits (differently than the coordinate velocity v and differently also 

than for example the intrinsic velocity V) a linear velocity addition of equidirectional motions 

in the context of the evaluation of a constant acceleration process. Parts of an added rapidity r 

n (1, 2, 3 ...)can be n (1, 2, 3 ...)converted with the given formula into parts of coordinate velocities v, 

whose relativistic addition results in v, whose conversion again results in the associated rapi-

dity r as linear addition of all r n.  

The unit of the rapidity is the "speed of light" c = "1". A rapidity r of 2 c corresponds 

e.g. to a coordinate velocity v of 0.964 c.  

The measure for a uniform acceleration a (at which according to Newtonian mecha-

nics a constant force acts on a constant mass) indicates by which rapidity r (and not by which 

coordinate velocity v) a point of matter becomes faster per time unit: 

a = r/t. 

A uniform acceleration over a certain period of time leads to a linear increase of the 

rapidity as well as of the relativistic Doppler effect. The unit of acceleration is rapidity per 

unit time with a definition range from zero to infinity. An acceleration a = 2 c/s means that the 

rapidity r after one second is twice the value of the "speed of light", which corresponds to a 

coordinate velocity v of 0,964.  

The concept of linear acceleration a as derivation of a "velocity" v according to the ti-

me t, a(t)=dv/dt in the sense of Newtonian mechanics is not consistent. The acceleration must 

not refer to an increase of the non-linearly adding coordinate velocity v, but it must refer to 

the increase of the rapidity r. At the usual low accelerations and final velocities the difference 

does not matter, because the rapidity here can be practically equated with the coordinate ve-

locity.  

From the rapidity r the already mentioned velocity V = v/sqr(1-v2 ), which also goes to 

infinity, has to be distinguished. It does not add up linearly. It is the result of the speed measu-

rement of a car driver, who relates the time from the point of view of his own system and the 

distance from the point of view of the other system. The own speed is the division of the 

"other" way by the "own" time. It is of extraordinary relevance because in it also the relativis-
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tic energy and the relativistic momentum of matter points are expressed. Energy and momen-

tum of a photon increase and decrease with the frequency and therefore according to the laws 

of relational symmetry (see below). 

 

17. Speed addition:  
The relativistic addition of two longitudinal coordinate velocities v and w to the sum u 

is a consequence following from their limiting velocity of "1". The addition can be derived on 

the one hand from the longitudinal relativistic Doppler effect. 

A sends a light pulse with the frequency f A= 1. B receives this light pulse with the 

frequency f Band sends it unchanged to C, which Creceives the light pulse with the frequency 

f:  

fA = 1. 

f B = f A*sqr((1+v)/(1-v))  

f C = f B*sqr((1+w)/(1-w)) = 1*sqr((1+v)/(1-v)*sqr((1+w)/(1-w)) 

It does not matter for the received frequency fC whether C receives the signals of A di-

rectly or via an unmodified transmission through B: 

f C = f A*sqr((1+u)/(1-u)) = 1*sqr((1+u)/(1-u)); u=(f C2-1)/(f C2+1) 

Substituting fC expressed by v and w gives: 

u = (v+w)/(1+v*w). 

Coordinate velocities on the other hand can be added relativistically by linear added 

rapidities (addition theorem of tangens hyperbolicus). The velocity vectors v and ww conver-

ted into rapidities rvr are added and the vector sum r is converted uback into the coordinate 

velocity u. With longitudinally added velocities this results: 

u = tanh(artanh(v)+artanh(w)). 

 

18. Acceleration:  
An accelerated mass point increases its velocity (here: rapidity) in a succession of in-

finitesimal jumps, which in their totality add up to a steady acceleration. The effects of these 

jumps on the passing of time shall be shown by the example of non-infinitesimal jumps, wit-
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hout prejudice to the fact that a change (like the increase of velocity of a mass point), which 

does not take time, does not exist.  

At the beginning of the acceleration process, the origin of the reference system, in 

whose origin the mass point originally rests (initial system), coincides with the origins of all 

next faster target systems, in which the mass point will rest successively during its accelerati-

on jumps. In all reference systems, in each case, clocks have been distributed evenly in space 

and set to zero at origin cover. In order to accelerate and build up a relative velocity to the 

origin system, the mass point must enter the next faster target system and come to rest there. 

At the moment of origin coverage, it must jump from the clock at the origin of the initial sys-

tem, where it has previously rested, to the clock of the next faster target system, which has 

just passed. All clocks show zero time at the moment of the first jump.  

After the origin cover, a period of time z passes, during which the clocks, which are 

distributed in the next faster target system, pass the mass point. In order to accelerate again, 

the mass point must jump to the clock of the next faster target system, which is just passing 

by it at the end of the time period z. The location and time display of the two clocks, which 

are distributed at rest in the next faster target system, are determined by the time period. The 

location and the time display of the two clocks which meet during the jump (the coordinates 

of the jump from the point of view of the respective system) are determined by the Lorentz 

transformation. According to this, the encountering clock of the next faster target system 

shows a more advanced time than the encountering clock of the previous target system. The 

mass point takes the time, which has passed until the second jump, resp. the clock, which is 

with it, with its jump into the next faster system. On its clock less "own time" has passed than 

on the clocks of the next faster target system, in which it now rests. Then again a speed jump 

follows and so on. The mass point keeps its own time (the sum of the time periods z of the 

rest from the view of the target system reached in each case) with its speed jumps. During its 

jumps it takes its clock with it, whose rate is not influenced by the acceleration. The clocks of 

the respective target systems have progressed further and further with increasing duration of 

the acceleration process than his own. He has remained younger. 

The choice of equal time periods z (e.g. 1 sec) of rest in the reached target system and 

subsequent equal jumps of increase of rapidity (e.g. 0.1c), determines the extent of uniform 

acceleration a (0.1 c/sec).  

In order to determine the ratio of the time elapsed in the last target system to the elap-

sed own time of the accelerated person, it would be very time-consuming to determine the 
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space and time coordinates of the encounter clocks from the viewpoint of the respective next-

fastest target system and to add up the time segments building up from the always same speed 

difference during the time period z from the viewpoint of the respective target system. A less 

complex method is to determine and add up the coordinates of the acceleration jumps or the 

time periods and path segments between them from the point of view of the initial system. 

The coordinates of the event of the last jump from the point of view of the initial system can 

then be transformed into the last target system on the basis of the relative velocity achieved. 

From the point of view of the source system, tAS is the time segment between the two 

events of the jump into the respective target system and from this into the next target system; 

from the point of view of the source system, xAS is the path segment between the two events. 

Both segments depend on the always same time segment z in the respective target system and 

on the achieved relative velocity v of the respective target system.  

t AS=z/sqr(1-v2)  

x AS=v*z/sqr(1-v2)  

Adding the temporal and spatial segment to the coordinates of the previous event gives 

the searched coordinates of the subsequent event from the point of view of the initial system 

(the current location of the accelerated mass point). All connected events result in the world 

line of the uniformly accelerated mass point from the point of view of the initial system. 

The total proper time of acceleration tB is the sum of time segments z. The total time 

of acceleration tA from the point of view of the output system A is the sum of all time seg-

ments t AS. 

Iteration of time segments from the point of view of the initial system: 

n = consecutive number of the acceleration step just completed 

x = total number (last number) of acceleration steps completed in total.  

t B= z*n (time elapsed until the nth increase of the acceleration from the point of view 

of the accelerated; proper time) 

v = tanh(a*t B) = tanh(a*z*n) (conversion of the relative rapidity reached so far into 

the relative coordinate velocity) 

t AS = z/sqr(1-(tanh(a*z*n)) 2) (time segment between the two events from the point of 

view of the initial system) 
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The total elapsed time tA from the point of view of the initial system A = sum of all tAS  

= z/sqr(1-(tanh(a*z*1)) 2) + z/sqr(1-(tanh(a*z*2)) 2) + .... + z/sqr(1-(tanh(a*z*x)) 2). It is the 

addition of the respective Lorentz factors times the time segment z. 

 

Iteration of path segments from the point of view of the initial system: 

x AS = z*tanh(a*z*n)/sqr(1-(tanh(a*z*n)) 2) (path segment between the two events as 

seen by the initial system). In other words, xAS is the time segment z multiplied by the 

intrinsic velocity V of the mass point reached in stage n (V=v/sqr(1-v 2); v = tanh(a*t B) = 

tanh(a*z*n)).  

The total distance traveled from the point of view of the initial system xA = sum of all 

xAS  = z*tanh(a*z*1)/sqr(1-(tanh(a*z*1)) 2) + z*tanh(a*z*2)/sqr(1-(tanh(a*z*2)) 2) + ... + 

z*tanh(a*z*n)/sqr(1-(tanh(a*z*x)) 2). It is the addition of the respective velocities times the 

time segment z. 

 

 

The time tA from the point of view of the initial system as a function of the time of the 

accelerated t Bis - in continuation of the thought of the above iteration of tA - the integral over 

the time segments dtB multiplied by the Lorentz factor which results from the coordinate ve-

locity reachedB after an acceleration time of t (t Ais the area under the function curve of the 

Lorentz factor as a function of the chosen constant acceleration and the time t B): 
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t A=sinh(a*tB )/a or tB =(asinh(a*tA))/a. 

At an acceleration of 0.000.000.032.72 c/s2 (which corresponds to the acceleration due 

to gravity g of 9.81 m/s2 ), the accelerated person would remain 0.1 seconds younger per day 

(t B=86400 seconds) than an unaccelerated observer: 

The path xA from the point of view of the initial system as a function of the time of the 

accelerated tB is - in continuation of the thought of the above iteration of xA - the integral over 

the time segments dtB multiplied by the intrinsic velocity V, which results from the coordinate 

velocity reachedB after an acceleration time of t (xA is the area under the function curve of the 

intrinsic velocity V as a function of the selected constant acceleration and the time t B): 

 

 

xA =(cosh(a*tB)-1)/a. 

From this results on the one hand the world line of the accelerated mass point from the 

point of view of the initial system 

t B=(asinh(a*tA))/a.  

xA =(cosh(asinh(a*tA))-1)/a 

xA =((sqr(a2*t A2+1))-1)/a 

and on the other hand the coordinate velocity v of the accelerated mass point  

v=tanh(a*t B) 

v=tanh(asinh(a*tA)) 

v=a*tA /sqr(a2*x 2+1). 
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19. Energy and momentum:  
The new conception of the terms energy and momentum from the interaction of quan-

tum theory and special relativity theory by A. Einstein belongs to the great achievements of 

mankind.  

According to classical school physics, the change of velocity (the acceleration) of a 

unit of mass requires a force according to Newton's first law of motion ("force is mass times 

acceleration", F = m*a). According to Newton's second law of motion, acceleration imparts to 

the mass on the one hand the amount of force times distance in (potential or kinetic) energy 

(E = F*s), and on the other hand the amount of force times time in momentum (p = F*t). 

During the acceleration of a mass m 1by participation of another mass m2 according to the 

recoil principle, a force F of equal magnitude according to Newton's third law of motion 

(reaction principle) acts on each of the two masses, which - if it acts constantly - gives the 

masses (related to their originally common center of gravity) over the same time span t the 

oppositely directed impulses  

p1 = m1*a 1*t;  

p2 = - m2*a 2*t  

lends. The sum of the momentum vectors before and after acceleration remains the 

same (p 1+ p 2is zero here; m 1*a 1*t = m 2*a 2*t).  

The product of acceleration times time a*t results - consistently considered (see 

above) - not in the coordinate velocity v, but in the rapidity r. The correct impulses to be rela-

ted to the respective rapidity are as follows  

p1 = m 1*r 1;  

p2 = - m 2*r 2. 

With r = artanh(v) (see above) the impulses related to the coordinate velocities v 

amount to  

p1 = m 1*artanh(v1) ;  

p2 = - m 2*artanh(v2). 

In the acceleration process, the exertion of a constant force over the mentioned period 

of time - while changing the position - gives the masses, from the point of view of their origi-

nally common center of gravity, the energies  
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E1 = m 1*a 1*s 1and E 2= m 2*a 2*s 2 

From the (counter-directed) equality of magnitude of the impulses follows that from 

the point of view of the originally common center of gravity in view of the same force the 

respective mass is accelerated inversely proportional to its size and it reaches a final rapidity 

inversely proportional to its mass. The greater energy is directed into the smaller mass becau-

se the larger mass experiences less acceleration for the same force and it travels a shorter dis-

tance for the same time. The energy of a shot is in the projectile. The final velocity of the two 

masses relative to their original common center of gravity results in the kinetic energy direc-

ted into them.  

The product a*t again gives the rapidity r=artanh(v) reached at the end of the accelera-

tion process. The distance s covered during the (uniform) acceleration is to be determined via 

the average rapidity, s = (r/2)*t = (artanh(v)/2)*t (the average coordinate velocity for 

s=(v/2)*t would not be meaningful).  

E = m*a*s  

a  = r/t = artanh(v)/t 

s = (r/2)*t = (artanh(v)/2)*t 

E = m*artanh(v) 2/2. 

But this is not relativistic physics yet. This follows a fundamentally different approach 

than Newtonian mechanics. It rejects the assumption that a body could be accelerated 

constantly by a constant force. Newton could not consider, according to the knowledge acces-

sible to him, that his "light corpuscles" (photons) possess not only energy but also momen-

tum, and that the inertial mass is energy. 

In view of the fundamentally different approach, let us allow ourselves a propaedeutic 

anticipation of the aim of the now following train of thought. As will be shown, the relativis-

tic Doppler effect, the equivalence of the energy of a photon with the frequency of the 

electromagnetic oscillation assigned to it (E=f, by setting Planck's quantum of action h = "1") 

as well as the equivalence of energy and mass (E=m, by setting the "velocity of light" c = "1") 

result in a surprising relationship: mass, momentum and energy stand to each other in the sa-

me relation as the distance squares i t2, t 2 and s 2. The time-like spatiotemporal distance i tcor-

responds to the mass m (or the radiation energy equivalent to it in the rest state of the mass), 
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the temporal distance t corresponds to the energy E, the spatial distance s corresponds to the 

momentum p.  

The formal relationship of energy and momentum is rooted - as we will see - in the re-

lational symmetry of two spherical waves of light (cf. Fig. 4). The length of the propagation 

of a light pulse stands for the extent of space as well as for the extent of time. The different 

lengths and directions of the propagation of the coordinated light pulses of the beam rings 

enter into space via their vectorial addition and into time via their scalar addition. The above 

mentioned intuitive approach to the relativistic Doppler effect allows to associate the length 

and the direction of the propagation of a light pulse with the frequency and the direction of its 

photons.  

What has the energy of a quantity of light (of a completed emitted radiation package) 

to do with the frequency of the electromagnetic oscillations of the light? The conventional 

opinion that with a higher reception frequency caused by a relative movement just more oscil-

lations per time unit reach the effect, would mean only a power increase in a shortened period 

without changing the total energy of the once emitted radiation package. It is about more.  

The quantum of action "h" introduced "helpfully" by M. Planck is a product of trans-

ferred energy and the time which an interaction process takes ("effect"). This product always 

remains constant. The insertion of this quantity, which is assigned to an electromagnetic fre-

quency, into thermodynamic equations by M. Planck was able to mathematically represent 

radiation processes which were inexplicable until then. This subsequently led to the attention 

being drawn to the close connection between the frequency of a radiation and the energy it 

contains.  

It was the merit of A. Einstein, honored with the Nobel Prize, to interpret correctly the 

photoelectric effect, discovered by H. Hertz and W. Hallwachs and investigated by P. Lenard, 

in which an X-ray beam knocks electrons out of a metal surface, with the assumption that the 

light quantum (photon) knocking out the electron has an energy dependent on the frequency 

of the associated electromagnetic oscillation (A. Einstein, On a Heuristic Point of View Con-

cerning the Generation of Light, Annals of Physics, 1907, pp. 132-148, §1). Einstein, On a 

heuristic point of view concerning the generation and transformation of the light, Annalen der 

Physik,1905, pp. 132-148, § 8). 

The remarkable thing about Planck's quantum of action h is not its empirically deter-

mined value (in the end, it is only a proportionality factor, which assumes the value "1" with a 
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suitably chosen unit of time and energy), but the view, which can be derived from the two 

multiplicative components resp. the strange dimension "joule seconds", that firstly exchange 

processes between radiation energy and mass energy consist of single elementary and indivi-

sible interaction processes, and that secondly the energy transferred at such an interaction 

process is always a multiple of the frequency of the electromagnetic radiation in question (a 

multiple of the inverse duration of an interaction).  

The elementary interaction process is always a completely finished process, which eit-

her takes place as a whole run in certain duration under exchange of an energy dependent on 

this duration or which is omitted completely.  

Every single interaction process is determined by a not further reducible "elementary 

part" of the radiation quantity. For this elementary part, the product of duration and energy 

(the effect) always remains the same. This leads to the fact that an increasing energy is ac-

companied by a shortening of the duration of the interaction. Considering its consequence 

(e.g. the knocking out of an electron) this elementary part can be understood as an impacting 

particle (photon), just with the special property that the duration of the interaction process 

accompanying with it is inversely proportional to its energy.  

The energy contained in a photon or the energy which can be transferred with it does 

not depend on an - not existing at all - "amplitude" of this oscillation process. Rather the 

energy contained in the photon is as said the greater, the shorter the interaction process lasts. 

The compression of the process of interaction - e.g. by a relative movement, with which a 

relativistic Doppler effect and with it a frequency increase accompanies - increases the energy 

of a radiation package emitted as a whole and closed in itself. This paradoxical connection, on 

which everything else is based, is not to be reconciled with the idea of a "total energy packa-

ge" built into a quantity of radiation once and for all.  

It seems as if the essence of the energy would be in the duration of this elementary in-

teraction. There is a direct connection between the frequency of the electromagnetic field and 

the energy or the duration of this elementary interaction process. According to the experimen-

tal findings, the energy converted during an interaction process of a photon is proportional to 

the frequency of the electromagnetic wave.  

Of decisive importance is the fact that for a given amount of radiation the number of 

its elementary energy carriers (photons, effective quanta) remains the same, however the rela-

tive velocity of the radiation source or the frequency of the electromagnetic radiation changes. 
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This means: The number of photons remains the same, their propagation with "speed of light" 

remains the same, but the energy present in each single photon (and thus the energy present in 

the total amount of radiation or in the unchanged amount of photons) is increased or decrea-

sed e.g. by a relative motion - and the associated change of frequency due to the relativistic 

Doppler effect - according to the principles of relativistic symmetry (Fig. 4).  

The consequence of these connections was drawn by A. Einstein in his only three-page 

essay "Is the inertia of a body dependent on its energy content?", Annalen der Physik und 

Chemie, 1905, p 639-641. The equivalence of mass and energy (E=m), which had announced 

itself in investigations about the "electromagnetic" or the "longitudinal and transversal" mass, 

he presupposed already in the title of the work ("energy content" of a body) as well as with 

the approach: "a body at rest whose energy is E0". The circular result, the formula E=mc 2, 

differs from this approach only by the proportionality factor "c 2", which is due to the chosen 

unit measures. The formula could, like the Lorenz factor, also do without the "speed of light" 

c (cf. E.F. Taylor, J.A. Wheeler, Physik der Raumzeit, Heidelberg u.a.: Spektrum (1994), p 

321).  

A. Einstein's essential discovery consists in the fact that the momentum and the energy 

of a particle (photon), thus also the momentum and the energy of a light packet and finally the 

momentum and the energy of a body (which - without violating the validity of the conservati-

on laws - can be transformed into radiation energy) change according to the relativistic Dopp-

ler effect. 

A single photon has a certain amount of energy ("energy scalar") and a (directed) mo-

mentum vector from the point of view of a system. If a photon is subject to the Doppler effect 

(e.g. because the radiation source moves), its frequency changes from the view of the receiver 

(see above). With the photon neither mass nor relative velocity exist, but only the frequency 

of the radiation. The momentum vector and the energy scalar of a photon are always equal in 

amount. However, their amounts change with the frequency. Only in relation to matter, which 

possesses mass and relative velocity, energy and impulse become also quantitatively different 

sizes.  

First of all to the effects of this approach on the concept of energy (the scalar quanti-

ty): From a point at rest or moving from the point of view of another system, a certain quanti-

ty of photons is emitted evenly distributed in all space directions (spherical wave or radiation 

ring). These photons arrive at a stationary container to which they transfer their momentum 

and energy. In the case of a moving light source, the relativistic Doppler effect changes the 
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frequency and direction of the photons of the light pulses of a halo in the same way as the 

radii of a circle become focal rays of an ellipse in the course of relativistic symmetry (Fig. 4).  

The Doppler effect has the consequence with light pulses of the spherical wave - who-

se frequencies stand for the scalars of the energy of the photons concerned - that the energy of 

the photons emitted against the direction of movement decreases and the energy of the pho-

tons emitted in the direction of movement increases. The effect is - as the magnitude ratios of 

all focal beams and thus of the frequencies of a whole beam ring show - however so stored 

that the energy increase in the one direction exceeds the energy decrease in the other direc-

tion. The total energy absorbed by the stationary container of a quantity of light radiated in all 

directions is therefore higher for a moving light source than for a stationary one.  

The sum of the lengths of the two opposite radii of a circle, which correspond to the 

frequencies in the resting state, are smaller by the same amount than the sum of the lengths of 

the complementary focal rays of the ellipse, which correspond to the frequencies in the state 

of motion (e.g. 2a-E 3and 2a-E in 9Fig. 4).  

For longitudinally counter-directed light pulses, the rest energy E is equal to0 the sum 

of the original frequencies (multiplied by the particle quantity k) on the two opposite emission 

directions: E 0= 2*k*f s.  

The energy E of1 the radiation quantity available at a moving radiation source corres-

ponds to the sum of the frequencies k*f s*sqr((1+v)/(1-v)) + k*f s*sqr((1-v)/(1+v)) created on 

both sides by the Doppler effect, thus 

E 1= E 0/sqr(1-v2).  

The increase of the energy by the Lorenz factor 1/sqr(1-v2) occurs - as shown by the 

ellipse in Fig. 4 - in the same way for all counter-directed light pulses of the entire corona.  

The energy increase from E0E 1(energy difference=E d) caused by the relative motion 

amounts to  

E d= E0 *(1/sqr(1-v2)-1). 

These relations are not only important for light but also for matter. Because if the total 

energy of the radiation ring would be completely a mass m 0= E0 converted into energy (whe-

re after the example of the dissolution of an electron with a positron their common mass was 

converted into rays directed in opposite directions), then from the point of view of the rest 

system the same energy difference E (depending on the velocity of the mass) woulddappear. 
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Therefore, according to the principle of conservation of energy, the moving body with mass m 

must 00have an energy higher than E by this energy difference E d- here in the form of its "ki-

netic energy" E - kineven if the conversion into radiation energy is omitted.  

Let us now consider the momentum (vectorial quantity): The counter-directed light 

pulses - whose frequencies in coherence with their directions stand for the vectors of the mo-

mentum of the photons concerned - have the total momentum of "0" at a relative velocity of 

the light source of "0" (all counter-directed light pulses of the halo of the same frequency 

cancel each other out).  

The relativistic Doppler effect causes that the originally counter-directed light pulses 

change not only their frequency but mostly also their direction at a relative velocity of the 

light source of v from the point of view of the rest system (see above about the Doppler 

effect). The sum of the two (originally counter-directed) momentum vectors, which now cor-

respond to two focal rays of the ellipse, however, form a sum vector with the same magnitude 

and the same direction in each case. The complementary focal rays - e.g. again 2a-E 3and 2a-

E 9in Fig. 4 - all point vectorially added in the direction of motion and all have the same mag-

nitude corresponding to the distance of the focal points of the ellipse from each other.  

For longitudinally counter-directed light pulses, the output pulse p corresponds to0 the 

vectorial sum of the original frequencies (multiplied by k) on both sides, i.e. the difference 

k*fs- k*f s= 0 (at rest, the total pulse is zero). 1corresponds to the vectorial sum of the fre-

quencies created on both sides by the Doppler effect, thus here the difference of the amounts: 

p 1= k*f s*sqr((1+v)/(1-v)) - k*f s*sqr((1-v)/(1+v));  

2*k*fs= E 0= m 0; 

p1 = m 0*v/sqr(1-v2).  

This amount is - as the ellipse in Fig. 4 shows - the same for all counter-directed light 

pulses of a radiating set. It is valid not only for all particles involved in a quantity of radiation, 

but also for the momentum of a moving mass before its transformation into radiation energy, 

which is possible at any time (see above).  

The values of kinetic energy or momentum discussed above, calculated according to 

well-understood Newtonian mechanics (already related to the rapidity r), lag behind the exact 

relativistic values with increasing relative velocity (Fig. 15).  
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Fig. 15: Momentum and kinetic energy newtonian (kl) and relativistic (rel) 

 

The rest energy E0 or the rest mass m0 can be derived from the sum of the two radii of 

the ray circle traversed to and back from the starting point (cf. Fig. 4). These quantities for-

mally correspond to the "pure time" i t(the time between two events, which take place in the 

rest system at the same place) for a time-like interval. 

The relativistic energy E of1 a mass moving with system 1 can be derived from the 

sum of the lengths of the complementary focal rays of the ellipse (Fig. 4). It is the product of 

the rest mass with the Lorenz factor 1/sqr(1-v 2) and formally corresponds to the time distance 

t occurring in the moving system between the two mentioned events which are separated from 

each other in time.  

The relativistic momentum p1 can be derived from the distance of the foci of the ellip-

se. It is the product of the rest mass times the intrinsic velocity p 1= m 0*V (V=v/sqr(1-v 2)) 
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and formally corresponds to the spatial distance s occurring in the moving system between the 

two time-like distant events. 

The relation between mass, energy and momentum (m02 = E12 - p12 ) corresponds to 

the metric of the time-like interval (i t2 = t 2 - s 2). 

 

Conclusion:  
In the conviction that one could measure speed with own scales for time and space in-

dependent of light, the measurement of the constancy of the "speed of light" became a mys-

tery towards the end of the 19th century. Imbued with the belief in the substantiality of space 

and time, G. FitzGerald and H.A. Lorentz proposed to explain this constancy by a shortening 

of bodies in the direction of motion.  

Following the radicality of these thoughts, the proponents of the hypotheses to the 

special relativity theory put "the formerly absolute time" and "the formerly absolute space" 

into the Procrustean bed of the "speed of light". A light ray decisive for all systems was en-

tered into path-time diagrams. The pencil lines called "world lines" formed from now on the 

positively given reality as an image of traces of motion.  

The magic emanating from a relativization of the substances time and space contribu-

ted to a new mood of departure in the period after the First World War. An extreme positi-

vism denying any transcendence gradually took hold of the entire intellectual life. Concepts 

such as the pure theory of law of H. Kelsen (which asserts an entity of "ought") or the psy-

choanalysis of S. Freud (which asserts an entity of the "superego" and the "id") leave little 

room for free will, responsibility for one's own destiny, and responsibility to the state. A new 

age began with the neopositivist revolution prepared by the Vienna Circle and the Vienna 

School. It brought forth the new music and the Frankfurt School, whose "critical theory" 

follows the thought patterns of the new physics (cf. I. Teßmann, Zur Vereinheitlichung der 

Philosophie, Von der kritischen Theorie zur Universalpragmatik, with reference to R. Wig-

gershaus, http://www.tuhh.de/rzt/rzt/it/Phil/Phil.html). 

It turns out, however, that positivism cannot reliably fulfill its promise to give know-

ledge a solid foundation. It is itself only derivative without a view for the conditionality of its 

foundations. This should be shown here by an example from natural science. With the over-

coming of the remnants of Newtonian mechanics, which remained especially in the popular 

scientific representations of the special theory of relativity, the "velocity of light" is replaced 
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by the propagation of effects, which also brings time and space into the world as sensual 

forms of perception of thinking.  

 

Vienna - Guthmannshausen, January 2022 

(second version) 

 

 

 

 

 

 

 

 

 

 

Blurb:  

Some people still find it difficult to come to terms with the hypotheses of the special 

theory of relativity about a "time dilation" and a "space contraction" because they cannot ac-

cept "the facts". This book is dedicated to these particular people. It takes up the controversy 

between Newton and Leibniz, opens the view for the relational character of space and time 

and leads out of the narrowness of positivistic thinking together with some of its "facts". As a 

by-product, a simplified kinematics emerges which is in harmony with experimental findings. 
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special theory of relativity. 


