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Abstract.
	Though neither of Einstein’s relativistic ideas came directly from Kant, they were made possible by the Kantian worldview that had constantly permeated Einstein’s thinking . The original Kantian conception  contributed to the development of Einstein’s theory first and foremost through the intervening philosophical and scientific work of Henri Poincaré and Ernst Mach. The most important Kantian concept  necessary to  understand Einstein’s  relativity creation and all his 1905 papers as a whole was Kant’s idea of the systematic Unity of Nature. 						
    Key words: special relativity,  Unity of Nature, Kantian epistemology.












                    IMMANUEL KANT AND EINSTEIN’S 1905 REVOLUTION.


1. Introduction. 
        
	In the previous paper (Nugayev, 2014) it was  exhibited that maxwellian electrodynamics was created as a result of the old pre-maxwellian programmes reconciliation: the electrodynamics of Ampére-Weber, the wave theory of Young-Fresnel and Faraday’s programme. The programmes’ encounter  led to construction of the  hybrid theory at first with an irregular set of theoretical schemes. However, step by step, on revealing and gradual eliminating the contradictions between the programmes involved, the hybrid set was “put into order” (Maxwell’s term). A hierarchy  of theoretical  schemes starting  from the crossbreeds (the displacement current) and up to usual hybrids was set up. After the displacement current construction  the interpenetration of the pre-maxwellian programmes began that marked the  commencement of theoretical schemes of optics, electricity  and magnetism real unification. 		The key point was that Maxwell’s unification design could be successfully implemented since his programme  did assimilate the ideas of the Ampére-Weber programme, as well as the presuppositions of the programmes of Young-Fresnel and Faraday. Maxwell’s victory over his rivals became possible because  the core of Maxwell’s unification strategy was formed by Kantian epistemology  . Maxwell did put forward as a basic synthetic principle the idea that radically differed from that of rival approaches by its open, flexible and contra-ontological, genuinely Kantian  character.  “Action at a distance”, “incompressible fluid”, “molecular vortices” were   contrived analogies for Maxwell, capable only to direct the researcher at the “right” mathematical relations.									The overall aim of the present paper is to unfold the abiding influence of Kantian epistemology on special relativity genesis. I’ll try to expose  that the reconstruction of maxwellian electrodynamics genesis   enables to revise the genesis  of special relativity and the ways of Einstein’s adaptation of Maxwell for his own theory creation. Though neither of Einstein’s relativistic ideas came directly from Kant, they were made possible by the Kantian worldview that had constantly permeated Einstein’s thinking . The original Kantian conception  contributed to the development of Einstein’s theory first and foremost through the intervening philosophical and scientific work of Henri Poincaré and Ernst Mach. The most important Kantian concept  necessary to  understand Einstein’s  relativity creation was Kant’s idea of the systematic Unity of Nature. Eventually Kantian epistemology served as the philosophical grounding for modern revolutions in science.
		            2.Einstein, Helmholtz and Hertz.		

Due to Kantian background, Maxwell’s programme development should have been  especially fruitful in Germany. And it was. Maxwell’s  efforts to find a reasonable compromise between the three research programmes (that of Young-Fresnel, Faraday and Ampére-Weber) were set forth by Hermann Helmholtz and his pupil Heinrich Hertz (Hertz, 1893;1899). In Helmholtz’s  paradigm (1870) charges and currents were treated as the sources of electrical and magnetic fields. It led directly to H.A. Lorentz’s dualistic worldview of the field equations and the equations of motion exhibited in  his 1892-1900 papers.						And it was Albert Einstein who, not long afterwards, picked up the problem after Maxwell, Helmholtz, Hertz  and Lorentz. In early August 1899 letter to Mileva Marić an ETH (Eidgenossiche Technische Hochschule)   student  underscores  that “ I admire the original, free mind of Helmholtz more and more”( Doc. № 50 of  Einstein, 1987, 129).  In the following 10 August 1899 “Paradies”  hotel letter he confesses to his fiancée that
 “I returned the Helmholtz volume and am at present studying again in depth Hertz’s propagation of electric force. The reason for it was that I didn’t understand Helmholtz’s treatise on the principle of least action in electrodynamics. I am more and more convinced that the electrodynamics of moving bodies , as presented today, is not correct, and that it should be possible to present it in a simpler way. The introduction of the term ‘ether’ into the theories of electricity led to the notion of a medium of whose motion one can speak without being able , I believe, to associate a physical meaning  with this statement. I think that the electric forces can be directly defined only for empty space, which is also emphasized by Hertz. Further, electric currents will have to be conceived of not as ‘the vanishing of electric polarization in time’ but as motion of true electric masses whose physical reality seems to be confirmed by the electrochemical equivalents. Mathematically they are then always to be conceived of in the form  +[  +  ]. Electrodynamics would then be the theory of the motion of moving electricities and magnetisms in free space: which of the two conceptions must be chosen will have to be revealed by radiation experiments” (Doc. № 52 of Einstein 1987,  131).

It was Hertz’s 1890  paper “Uber die Grundgleichungen der Elektrodynamik fur bewegter Korper” that appeared to be the source of the phrase “die Elektrodynamik bewegter Korper” . Einstein used these words  in the letter and thereafter to designate the complex of problems that led him to his 1905d relativity paper.							Hertz’s  paper discussed and compared several representations of maxwellian electrodynamics, based on different basic notions. Yet Hertz himself favored a representation that started from electrical and magnetic polarization states of the ether. Thus, electricity and magnetism, rather than being the substantive entities that produce such states, are only “Namens”  for certain concepts. They are merely convenient embellishments of the theory that add nothing new to its physical content.										But Einstein was not a slavish adherent of Hertz’s “Darstellung”; from the very beginning of his scientific career he had expressed doubt about the role of ‘des Namens Aether’ in electrodynamics. But  his skepticism was directed at Hertz’s concept of the ether as a medium with a certain state of motion, not at the ether concept itself. It was because Einstein attributed basic significance to the concept of ‘elektrische Massen’ and considered electric currents as motions of such charges in empty space, and not as the ‘Verschwinden elektrische Polarisation in der Zeit’. At the start  of Einstein’s scientific career his views directly came from the lectures on electricity of his ETH teacher in  physics prof. H.F. Weber,  as indicated by Einstein’s lecture notes (see, for instance, Doc. № 37 and salient comments on it in Einstein, 1987,  223-225).
It is important that the ‘substantive’ concept of electricity was developed by Wilhelm Weber and was widely accepted by many German-speaking physicists, including H.F. Weber. Thus, initially Einstein’s view on electrical masses moving in the immobile ether were similar to the dualistic theory of H.A. Lorentz. Einstein concluded the letter pointing out that ‘Strahlungversuche’ were needed between the two viewpoints he outlined, and his next, 10 September 1899 “Paradise”  letter to Marić mentioned an idea for experimentally investigating the influence of motion relative to the ether on light propagation in transparent bodies.			However, Einstein’s physics professor showed no enthusiasm for his work, and Einstein made no further mention in his correspondence of his activity in the electrodynamics of moving bodies for almost two years. However, ‘die prinzipielle Trennung von Lichtaether und Materie, Definition absoluter Ruhe’ were among the topics he discussed with his friend Michele Besso (Einstein’s 4 April 1901 letter to Marić). In March 1901 Einstein wrote Marić that he looked forward to the conclusion of “unsere Arbeit uber die Relativbewegung”. In September 1901  he wrote his friend Marcel Grossman that he had successfully devised a simpler method for the investigation of the motion of matter relative to ether, based ‘auf gewonlichen Interferenzversuchen’. By December he was ‘arbeite eifrigst’  on  “die Elektrodynamik bewegter Korper”, that promised to become “eine kapitale Abhandlung” (Einstein’s 17 December 1901 letter to Marić). A calculational error had earlier led him to doubt the correctness of his ‘Ideen uber die Relativbewegung’ , but he now believed more than ever in these ideas. He explained the stuff to prof. Kleiner and the latter “thought that the experimental method proposed by me is the simplest and most appropriate and conceivable. I was very pleased with the success. I shall certainly write the paper in the coming weeks” (Einstein’s  letter to Marić, 19 December 1901, p. 189). Notwithstanding  Einstein’s enthusiasm and Kleiner’s encouragement, no publication on this subject ensued for over three years – till June 1905.  - Why?	-  Einstein really was working on a “capital memoir” on the electrodynamics of moving bodies at the end of 1901. Then he had desisted and retraced  to his memoir only in 1905. What did happen during the period, and why had Einstein, being initially an adherent of the ether, became its strong enemy?				- To give a sober  answer one has first to remember Einstein’s derogative evaluation of his early works - “my worthless beginner papers” (Einstein/Marić 1992). All the possible evidence (Renn & Shulmann 1992) indicates that the planned “ kapitale Abhandlung” was a “far cry” from the special relativity 1905d paper On the other hand, now one knows for sure (Rynasiewicz  2000) that Einstein arrived at the body of results presented in his 1905d, in a “sudden burst of creativity” only after he had completed his first three works in the spring of 1905. The key insight – the discovery of the relativity of simultaneity – occurred to Einstein only late May 1905 after the completion of the Brownian motion paper 1905c. For instance, when asked by the biographer Carl Seelig, Einstein answered: 
“Between the conception of the idea of the special theory of relativity and the completion of the corresponding published paper there passed five or six weeks” (Seelig 1960, 114).

	                                    3.Einstein, Poncare and Mach.


Was it the influence of Poincaré and Mach? – In a letter to Besso on 6 March 1952 Einstein remembered: “These readings were of considerable influence on my development – along with Poincaré and Mach” (Speziali 1972, Doc. 182).						Was it the influence of Poincaré’s  “Relativity Principle”, that proclaimed   relativity of time and space? For instance, in 1902 Henri Poincaré punctuated  that
“there is no absolute time. To say two durations are equal is an assertion which has by itself no meaning and which can acquire one only by convention. Not only have we no direct intuition of the equality of two durations, but we have not even direct intuition of the simultaneity of two events occurring in different places:  this I have explained in an article entitled ‘La mesure du temps’ ”  (Poincaré 1902, 114).
 And one of the “Academia Olympia” members – Einstein’s boon companion  Maurice Solovine – took  Poincaré’s book “La science et l’hypothese” (first published in 1902) as one “that profoundly impressed us and kept us breathless for many weeks (Solovine, 1956; quoted from Howard and Stachel 2000, 6). It seems to me that it was Poincaré’s 1902 chef-d-euvre  that appeared to be an intervention by which the original Kantian epistemology actually contributed to the development of Einstein’s special relativity. Just to quote the Introduction:
“the aim of science is not things themselves, as the dogmatists in their simplicity imagine, but the relations between things; outside those relations there is no reality knowable” (Poincaré [1902], 1905, XIX).
	Or in the same vein:
“The object of mathematical theories is not to reveal to us the real nature of things; that would be an unreasonable claim.Their only object is to co-ordinate the physical laws with which physical experiment makes us acquainted, the enunciation of which, without the aid of mathematics, we should be unable to effect” (Poincaré [1902], 1905, 235).
Yet, in my humble opinion,  the most apparent influence  on young Einstein (due to the reasons discussed below) was to  be  exerted by the following passage:
“When a physicist finds a contradiction between two theories which are equally dear to him, he sometimes says: ‘ Let us not be troubled , but let us hold fast to the two ends of the chain, lest we lose the intermediate links’. This argument of the embarrassed theologian would be ridiculous if we were to attribute to physical theories the interpretation given them by the man of the world. In case of contradiction one of them at least should be considered false. But this is no longer the case if we only seek in them what should we sought. It is quite possible that they both express true relations, and that the contradictions only exist in the images we have formed to ourselves of reality” (Poincaré [1902], 1905, 181). 
The role, similar to that of Poincare, was played for Einstein by Mach’s empiricism.The latter had its roots in the belief that knowledge is a product of biological evolution.It was simple experience to which early organisms had responded, and it was out of such experiences that the first images of the world were eventually constructed. These constructions became a priori, allowing new and more subtle understandings.Furthermore, in a strict Kantian vein, Mach insisted that the human eye had a mind of its own: we perceive not direct stimuli but relations of stimuli. Eventually we do not experience ‘reality’ but rather experience the after effects of our nervous system’s adaptation to new stimuli. Representationalist theories of perception, positing a direct correspondences between appearance and reality, were untenable for Mach.			Hence it’s no wonder that Mach’s empiricism drew a lot  upon Kantianism.Mach credited his philosophical awakening to reading, at age 15, his father’s copy of Kant’s “Prolegomena”. As he put it:							
“The book made at the time a powerful and ineffaceable impression upon me, the like of which I never afterwards experienced in any of my philosophical reading” (Mach [1897] 1984  , p.30).
Yet, in my humble opinion,  the most apparent influence  on young Einstein (due to the reasons discussed below) was to  be  exerted by the Principle of Economy of Science (“Physics is Experience Arranged in Economical Order”).
“One and the same view underlies both my epistemological-physical writings and my present attempt to deal with the physiology of the senses – the view, namely, that all metaphysical elements are to be eliminated as superfluous and as destructive of the economy of science” (Mach  [1897] 1984]: p. XXXVIII).	
An important application of the tenet occurs when two theories, formerly separate, come into contact . For Mach this was a central concern: he was driven to unify psychology and physics. At issue here was the economical requirement of needing a single orienting perspective : 
“But anyone who has in mind the gathering up of the sciences into a single whole, has to look for a conception to which he can hold in every department of science “ (Mach [1897] 1984,p. 312).
When different theories come in contact with each other, adaptation of one to the other must take place. 
“Epistemological criticism [is not a problem for the physicist]. But when it is a question of bringing into connection two adjacent departments, each of which has been developed in its special way, the connection cannot be affected by means of the limited conceptions of a narrow special department. By means of more general considerations, conceptions have to be created which shall be adequate for the wider domain” (Mach [1897] 1984, 313).
However, in 13 May 1917 letter to Besso Einstein pointed out that
“I do not inveigh again Mach’s little horse: but you know what I think about it. It cannot give birth to anything living, it can only stamp harmful vermin” (Speziali 1972, Doc. 339). 
Likewise,   the relativity principle,  elaborated by Henri Poincare, did not prevent the latter from believing in ether as in the medium necessary for electromagnetic disturbances propagation. 	
4. What was the train of thought that brought Einstein to his special relativity? 
– To give an answer one should first delve into  the 1905d paper itself. It is well-known that  special relativity paper (Einstein 1905d) starts  with the description of “deep asymmetry” in the electromagnetic induction description. Experience tells us  that the induction current caused in the conductor by the motion of the magnet depends only on the relative motion of the conductor and the magnet. However the Maxwell-Lorentz theory provides us with two qualitatively different descriptions of the effect that mysteriously lead to one and the same result. In the first case, an electric field with a certain energy density is responsible for the induced current. In the second case, there is no electric field, and the induction current is ascribed to an electromotive force with no corresponding field energy.							But for understanding the reasons of special relativity creation it is quite important to take into account that Albert Einstein was by no means the first to note asymmetries in theoretical representation of the induction phenomenon. In 1885 the asymmetry was indicated by Oliver Heaviside and independently by a telegraphic engineer Tolver Preston, in 1894 – by Herman Föppl, and in 1898 – by Wielhelm Wien himself (see Darrigol 2001, 377 for details).Hence the pertinent question is not how Einstein became aware of asymmetries, but what made them so intolerable to him.												I think that the key answer to  the questions posed lies in other works of Albert Einstein and first and foremost in his 1905 papers (Nugayev 1985). It is well-known that Einstein published nothing on the topic of optics and electrodynamics of moving bodies prior to 1905.	And it was Albert Einstein himself who had revealed the basic asymmetry  - of more deep nature – in 1905a paper “Uber eine die Erzeugung und verwandlung des Lichtes betreffenden hewristischen Lesictpunkt” ("On an heuristical point of view concerning the processes of emission and transformation of light") that was published in the same journal “Annalen der Physik” but three months before the relativity paper. Look at the beginning of his 1905a  mutiny booklet: 
"There exist an essential formal difference between the theoretical pictures physicists have drawn of gases and other ponderable bodies and Maxwell's theory of electromagnetic processes in so-called empty space". 
What does this difference consist in?
 - "Whereas we assume that the state of a body to be completely determined by the positions and velocities of an albeit very large, still finite number of atoms and electrons, we use for determination of the electromagnetic state in space continuous spatial functions, so that a finite number of variables cannot be considered to be sufficient to fix completely the electromagnetic state in space" (translated by Ter Haar).					
But this difference can give rise to a situation where 
"a theory of light involving the use of continuous functions in space will  lead to contradictions with experience, if it applied to the phenomena of creation and conversion of light". 
Hence
"it seems to me that the observations of black-body radiation, photoluminescence, the production of cathode rays and other phenomena involving the emission and conversion of light can be better understood on the assumption that the energy of light is distributed discontinuously in space".
And in the first part of his 1905a  Einstein discloses that the joint application of mechanical and electrodynamical "theoretical pictures" for  description of black-body radiation leads not only to contradiction with experiment (his paper did not cite the results of Lummer & Pringsheim and Rubens & Curlbaum), but to paradox that cannot be eliminated by common methods. To exhibit  it Einstein contemplates  the gedankenexperiment with both theories. He considers a cavity containing free electromagnetic field, gas molecules and Hertz's resonators. As a result one can conclude that joint application of mechanics and electrodynamics leads unavoidably to Rayleigh-Jeans law for energy density of black-body radiation. But
"this relation which we found as the condition for dynamic equilibrium does not only lack agreement with experiment, but it also shows  that in our picture there can be no question of a definite distribution of energy between aether and matter", since "the greater we choose the range of frequencies of resonators, the greater becomes the radiation energy in space and in the limit we get  0  d = (R/N) (3/L3)0 2d = .”			
Although one often reads the statement that in 1905a   paper Einstein was concerned with an explanation of the photoelectric effect, the study of  the  paper reveals that this was not the case. The measurements of the effect at that time were not sufficiently accurate to point without any doubt to a violation of classical behavior ( Ter Haar, 1967). Einstein was worried not so much by the evidence dealing with photoeffect and appealed to fluorescence, photoelectricity and photoionization data only as to indirect evidence in favor of his thesis. Rather, Einstein had mostly delved into the  contradiction between mechanics and electrodynamics. Hirosige (1967) correctly attributed Einstein's sensitivity to the inconsistencies between mechanics and electrodynamics to influence of Ernst Mach, whose writings supposedly freed special relativity  creator from dogmatic adherence to the mechanistic worldview. Einstein could therefore freely juxtapose mechanics, thermodynamics and electrodynamics without reducing one to the others.		Jurgen Renn and Robert Schulman (1992) take  Einstein’s anti-dogmatism as a hallmark  of his scientific style of reasoning that enabled a youngster  to comprehend the conceptual implications in the works of such masters as Lorentz, Poincare and Planck that they themselves were unable to discern. Einstein treated their results as an “outsider” , free to interpret them in his own way, and not as an adherent of an established school of thinking  from which he would have inherited a comprehensive but narrow-minded  scientific view. Einstein was convinced that the principles of Boltzmann’s theory were correct, yet he would not become a slavish adherent of its mathematical programme. He would read Ostwald, an anti-atomist, with as much  interest as he read Boltzmann, an atomist. He would scrutinize  Mach’s arguments against burdening physics with  idle concepts and eventually throw out ether , while accepting Mach’s criticism of atomism as a challenge and trying to provide evidence for the existence of atoms.	
“as a wanderer between the worlds, as a bourgeois and as a bohemian, as an atomist and as a critic of atomism, Einstein was able to partake of the insights and emotions of a variety of worlds and yet yield to none of them” (Renn & Schulmann 1992, p. XXVIII).	
Correspondingly in their Proposal for Einstein’s Membership in the Prussian Academy of Science (Berlin, 12 June 1913), M. Planck, W. Nernst, H. Rubens and E. Warburg punctuated  that	
“Apart from his great productivity, Einstein has a special talent for getting to the bottom of other scientists’ newly emerging views and assertions, and for assessing their relationship to each other and to experience with surprising certainty” (Doc. № 445 of [Einstein 1987,  338].
Surely  the theory of relativity arose not from philosophical reflections only, but first and foremost  out of  Einstein's own daily considerations about current physical problems and from his concrete physical investigations. Yet the seeds of Ernst Mach’s influence fell on already prepared Kantian soil   (Palmquist, 2011). Einstein first read Kant at the age of thirteen and again at the age of sixteen  (Howard, 1994, 49). Later on Einstein was immersed in Kant again and again. For instance, in 1918 he wrote to Max Born :
“I am reading Kant’s Prolegomena here, among other things, and am beginning to comprehend the enormous suggestive power that emanated from the fellow and still does” (quoted from Born 1971, 25-26).
Or, much later , reflecting on  the main principles of reasoning in theoretical physics, Einstein avowed that
“the theoretical attitude here advocated is distinct from that of Kant only by the fact that we do not conceive 	of the categories as unalterable…They appear to be a priori only insofar as thinking without the positing of the categories anf of concepts in general would be as impossible as breathing in the vacuum”  (Einstein 1949, 674).
Nevertheless, what is more important, Einstein was exposed to Kantian teachings in the year 1897, when he had enrolled in lectures on Kant’s philosophy by August Stadler, a neo-Kantian of the Marburg school (Einstein, 1987, 45-50).							One should not be surprised to learn   that for Kant our freedom from the world makes science possible. He argued in the Appendix to the Dialectic of the first Critique  that science must adopt certain ideas of reason as heuristic  (”as if”) devices to encourage systematic unity. Along these lines, Fölsing  rightly observes that Einstein probably first learned to think in terms of this “heuristic viewpoint” from his early reading of Kant.Einstein’s heuristic method was to state, or perhaps invent, an assertion from which familiar facts could then be deduced.It’s no wonder that Einstein’s path-breaking 1905a paper was entitled “Uber eine die Erzeugung und verwandlung des Lichtes  betreffenden hewristischen Lesictpunkt” (“On a Heuristic Point of View Concerning the Production and Nransformation of Light”).						Yet it should be noted that, correctly stating that Kant’s epistemology serves as the philosophical grounding for modern revolutions in science,  Stephen Palmquist goes further asserting that Einstein’s early Kant-studies would have brought to his attention even the problem of simultaneity and the method of solving it that led to the special theory of relativity . To this I should add that , whatever the truth is, a special  study would be needed. However, in a letter to his uncle written in a form of a scientific paper when Einstein was 16 (and discovered at our times by Jagdish Mehra) Einstein maintains  the luminiferous ether .					Nevertheless  I contend  that the paramount  notion for understanding Einstein’s epistemological framework is Kant’s idea of the systematic Unity of Nature (Beller, 2000; Morrison, 2000). This unity, for Kant, is not an ontological principle at all. It is meaningless to ask whether Mother Nature in fact possesses such a unity or not. On the contrary, the idea of unity has epistemological importance. Systematic unity of nature provides a benchmark  of validity for scientific hypothesis,   that complements the empirical idea of confirmation. From the  host of different uniformities only those can be regarded as having law-like necessity that can be fitted into a unified, systematized general system.
“”The hypothetical employment of reason has, therefore, as its aim  the systematic unity of  the knowledge  of understanding, and this unity is the criterion of the truth of its rules ““(Kant, [1787], 1929, 533).
Correspondingly,
“ A system has truth-content according to the certainty and completeness of its coordination-possibility to the totality of experience. A correct proposition borrows its ‘truth’ from the truth-content of a system to which it belongs” (Einstein, 1946, 13).
But from the fact that the last quotation belongs to 1946 one should not deduce, as it is commonly believed, that an urge for unification guided Einstein’s scientific activity only from his general relativity/unified field theory  creation onwards. Too hastily , the young Einstein is presented in the literature not as a unifier but rather as a slave adherent of Mach’s   empiricist approach.													Yet it was the holistic stand  that allowed Einstein as early as in 1906 to disregard the results of Kaufmann’s  “crucial” experiments that contradicted the “Lorentz-Einstein theory”. As Einstein had put it, the rival theories (e.g. Abraham’s theory) 
“have rather small probability, because their fundamental assumptions (concerning the  mass of moving electrons) are not explainable in terms of theoretical systems which embrace a greater complex of phenomena” (Einstein as quoted in Holton 1968, 253).
Thus Einstein’s attraction in his 1905a  paper to the subject of theory of quanta was provoked  by its unifying possibilities, for its capacities to arrive at a fusion of maxwellian electrodynamics and Boltzmann’s statistical thermodynamics.  Hence he starts  the paper with the heart of what troubled him most – duality in the foundations of physics that was felt most sharply in Lorentz’s Electron Theory. How did Einstein intend to eliminate the contradiction in his 1905a?													 - To answer the question one should immerse himself in  his first papers published in the "Annalen". All the Einstein's papers from 1901 to 1905 have one trait in common: statistico-thermodynamics approach. Thomas Kuhn  had punctuated  that what brought Einstein to idea of photon was a coherent development of a research program started in 1902, a  programme "so nearly independent of Planck that it would almost certainly have led to the black-body law even if Planck had never lived" (Kuhn  1978, 171). Einstein's first two papers , published in 1901 and 1902, scrutinized  intermolecular forces by applying phenomenological thermodynamics. From the start of his career Einstein was “deeply impressed” (Martin Klein) by the simplicity and scope of classical thermodynamics. But for him thermodynamics included the statistical approach he had learned from Boltzmann's works, so he began to unfold  statistical thermodynamics. The result was a series of three papers  published in 1902,1903 and 1904.They provide the clue for apprehending his 1905a   on quanta, his 1905b dissertation, 1905c  work on Brownian motion and 1905d  paper on STR.								The first important result consisted in  that for physical systems of extraordinary general sort Einstein has produced, by the summer of 1903, both a generalized measure for temperature and entropy, containing some universal constant .By the time he finished his 1903  paper , Einstein had recognized that  could be evaluated in terms of the values of the gas constant and of Avogadro's number. But the theory that had led him to the constant was, however, applicable to systems far more general than gases. It should therefore have a correspondingly general physical foundation. The basis should reflect statistico-mechanical nature of the approach that led him to the constant, explaining not only its role as a scale factor for temperature, but also its position as a multiplier in the probabilistic definition of entropy. Physical significance of  was the central problem attacked in Einstein's third statistical paper “On the General Molecular Theory of Heat” , submitted to "Annalen" in the spring of 1904. Solution of the problem consisted in the phenomena of energy fluctuations. Einstein demonstrated that  2 = 2 T dE/dT, where 2 is a measure of thermal stability of the system. And it was recognition of the constant  physical role that directed his attention to the black-body problem.				
"The equation just found would permit an exact determination of the universal constant  if it were possible to determine the energy fluctuation of the system. In the present state of our knowledge, however, that is not the case. Indeed, for only one sort of physical system can we presume from experience that an energy fluctuation occurs. That system is empty space filled with thermal radiation" (Einstein 1904, 360; translated by Kuhn,1978).	
At least one more step in development of the programme of statistical thermodynamics was needed, and Einstein took it in a famous 1905a paper. Its content strongly suggests that Einstein had begun to seek a black-body law of his own, that he had quickly encountered the paradox - contradiction between statistical mechanics and maxwellian electrodynamics - and that he had dropped the search for the law in favor of an exploration of the paradox itself. This is clear from the very beginning of his paper which was already quoted (translated by Ter Haar, 1967).The first part of 1905a ended by revealation of "ultraviolet catastrophe". How did Einstein resolve the paradox?											In the second part of his 1905a Einstein applies thermodynamics (dS=1/T), statistical mechanics (S=k log W) and maxwellian electrodynamics (E=V  d )  to describe the domain of empirical reality covered by Wien's radiation law. Einstein takes  = h/k = Nh/R  as undefined constant in 1905a paper and hence he writes R/N  everywhere instead of h. Joint application of the three fundamental theories enables Einstein to arrive at apparently deductive argument: if monochromatic radiation of frequency  and energy E is enclosed in the volume V0, then the probability W  that at any moment all the radiation energy will be found in the partial volume V of the volume V0 is given by											W =  (V/V0)E/h							                            (i)		Yet in the same paper Einstein demonstrates that in the case of n independently moving particles enclosed in a volume V0 the probability of finding them all momentarily in the subvolume V is  
W = (V/V0)n								                           (ii)		Comparing (i) and (ii), Einstein comes to a conclusion that "monochromatic radiation of small density behaves in thermodynamic respects as though it consists of distinct independent energy quanta of magnitude	h". He did not appreciate that the existence of photons was rendered more than a plausible hypothesis by the derivation of eq.(i). Only 66 years later Jon Dorling (Dorling 1971) convincingly demonstrated that the argument by analogy which Einstein used to introduce photons is as a matter of fact redundant and that his conclusion already follows deductively from what he had already established.							Thus, the conclusion that radiation in the cavity consists of independent energy quanta follows directly from application of general principles of thermodynamics and statistical mechanics to processes of radiation  .									But all the available in 1905 experimental data - fluorescence, photoelectricity and photoionization data – provided  only  indirect evidence in favor of quantum hypothesis. Hence , to check the revolutionary hypothesis of quanta Einstein had to perform a  “crucial experiment” of a very peculiar  kind : to compare the quantum results with the results of another “old” theory concocted  independently of 1905a. It is important  that this theory should be sufficiently ‘old’ to accumulate the results of many experiments. So, if the 1905a results coincide with the results of fairly different theory, they ‘ll   provide an especially reliable  verification. Remember: “ A system has truth-content according to the certainty and completeness of its coordination-possibility to the totality of experience. A correct proposition borrows its ‘truth’ from the truth-content of a system to which it belongs” (Einstein, 1946, 13).  In the opposite case 1905a theory will be ‘falsified’ not by a single ‘critical experiment’ but  by a whole cluster of the well-established  experimental data. 									Thus the next - 1905b - paper appeared to be crucial for the 1905a verification.  In 1905b Einstein  elaborated the principles of Brownian motion that were directly verified by Perrin’s experiments. The paper’s importance for 1905a was promulgated by Einstein much later:  he  admitted to Max von Laue on 17 January 1952:			
“When one goes through your collection of verifications of the special relativity theory, one believes that Maxwell’s theory is firmly established. But in 1905 I knew already with certainty that it leads to the wrong fluctuations in radiation pressure, and consequently to an incorrect Brownian motion of a mirror in a Planckian radiation cavity” (quoted from Rynasiewicz 2000, 177).
	These obvious  for 1905 Einstein result was exhibited  to the scientific community in  1909 when Einstein applied his theory of Brownian motion to a two-sided mirror immersed in thermal radiation. He demonstrated  that the mirror would be unable to carry out a Brownian motion indefinitely, if the fluctuations in the radiation pressure on its surfaces were solely due to the effects of random waves , as predicted by Maxwell’s theory. But only the presence of an additional term, corresponding to pressure fluctuations due to the impact of random particles, guarantees the mirror’s continued Brownian motion. Einstein demonstrated that similar fluctuation terms in the energy are consequences of Planck’s law. He regarded such fluctuation phenomena as his strongest argument for ascribing physical significance to the hypothetical light quanta (Stachel, 2000).  Only after the “crucial experiment”, that is  only after the 1905b paper could Einstein look forward for investigating the consequences of his light quantum hypothesis, and so he returned to his forgotten “unsere Arbeit uber die Relativbewegung”, eine “kapitale Abhandlung”. Indeed, 
[bookmark: _GoBack]"if the monochromatic radiation (of sufficiently small density) in the sense of entropy dependence upon volume behaves itself as a discontinuous medium, consisting of energy quanta R/N , a question occurs: if they are not the laws of creation and conversion of light such as if it consists of similar energy quanta?" (Einstein 1905a, 236). 
That is the question put up by Einstein at the end of one of the sections in his 1905a. But the ether conception hampers  the positive answer and puts obstacles in realization of Einstein’s statistical-thermodynamics programme. Indeed,        
"mechanical and purely electromagnetic interpretations of optical and electromagnetic phenomena have in common that in both cases electromagnetic field is considered as a special state of hypothetical medium filling all the space. Namely in that point two interpretations mentioned differ radically from Newton's emission theory, in which light consists of moving particles. According to Newton, space should be considered as possessing neither ponderable matter, nor light rays, i.e. absolutely empty" (Einstein 1905a, 236). 
To create quantum theory of radiation, one needs electromagnetic fields as independent entities that can be emitted by the source " just as in Newton's emitting theory" (i.e. energy transmitted in process of  emission should not be dissipated in space, but should be completely preserved until an elementary act of absorption). But within the Lorentz programme electromagnetic field is taken as a specific state of ether - a state of medium that is continuously distributed in space. An elementary process of radiation is connected in such a medium only with a spherical wave. Moreover,							
"while in the molecular-kinetic theory there exists the reverse process for each one, in which only few elementary particles take part (for instance, for each collision of molecules), the picture is quite different for elementary processes within the wave theory. According to it, an oscillating ion radiated an outgoing spherical wave. The reverse process, as elementary one, does not exist. Nevertheless, the ingoing spherical wave is mathematically possible; yet its approximate realization needs a great number of elementary radiating centres. Hence, an elementary process of radiation is irreversible. It is in this case where, to my mind, our wave theory does not fit reality. It seems to me that in this point Newton's emitting theory is more valid than the wave theory of light" (Einstein 1909). 
Many Einstein's contemporaries also contended  that the rejection of ether inevitably leads to corpuscular theories (Poynting 1905, 393; Snyder 1907, 111; Lodge 1914). Nevertheless, it should be  stressed that the rejection of ether and acceptance of "emission theory" is not equivalent to acceptance of two basic postulates of STR.  					- Aversion to  ether and acceptance of emission theory should lead to Walter Ritz's 1908 theoretical maneuver. According to his ‘ballistic hypothesis’, velocity of quantum should depend on the velocity of its source. In Ritz's theory velocity of light is not constant, but is equal to v+c, where v is a relative velocity of the observer and the source. Ritz's theory was in certain respects a direct return to obsolete conceptions of action-at-a-distance, to theories of Weber and Riemann. Ritz rejected the basic notions of the Maxwell-Lorentz electrodynamics. He  gave up the notions of electric and magnetic field and began operating with notion of direct  interactions between the charges only. In his theory the force of interactions depended upon the distance between the charges and upon their states of motion. On  successfully  explaning    the sequence of optical and electric phenomena (in particular, of the experiments of Michelson & Morley, Trouton & Noble, Kaufmann,etc.), the theory provided  an original interpretation of ‘ultraviolet catastrophe’  (see Ritz's discussions with Einstein) and even obtained the equation of anomalous precession of Mercury perihelion that coincided with observation data  (but, alas,  contained the constant to be determined by experiment). However, the theory met with significant difficulties -  explaining double stars observations. In fact, one should speak about Ritz's reductionist programme (reduction of mechanics to electrodynamics) . M. Abraham, J. Kunz (1910), R. Stewart (1911),G. Trowbridge (1911), R.Tolman (1912), I. Laub (1912) et al. made important contributions to set forth the research tradition.								In Ritz's ballistic theory velocities of light and of its source should add in accordance with addition law of classical mechanics (the Galileo formula).But it contradicts the field conception, on which Maxwell's theory is based. Indeed, in Maxwell's theory the finite velocity of electromagnetic perturbations in vacuum is independent of their forms and of the velocities of their sources. 												Einstein, by contrast,  never thought of downing  Maxwell's theory, just as Newton, the  author of emission theory, did not reject the wave theory 300 years earlier. In his 1905a photon paper Einstein had especially  underscored  that 
"wave theory operating with point continuous functions is excellently justified when describing purely optical phenomena and perhaps would not be replaced by another theory" (p.237).
In Lorentz's theory this stumbling block  was absent. Indeed, in the reference frame, that is at rest relative to ether, light propagates with constant velocity independent of the velocity of the source. An analogy with water waves is especially appropriate here, since in the first approximation their velocities do not depend on the velocity of the ship that produces them. Hence, if one wants to give up the idea of ether, but to retain Maxwell's theory at the same time, s/he should disown ballistic hypothesis and postulate a special "principle of constancy of velocity of light". Later, in April of 1922 Einstein  had confessed to Viscardini:
 “I rejected this [emission] hypothesis at that time, because it leads to tremendous theoretical difficulties (e.g. the expectation of shadow formation by a screen that moves relative to the light source)” (quoted from Rynasiewicz  2000, 182).
The second fundamental principle of STR - "the principle of relativity" - follows immediately from the "fact" that there is no ether and, consequently, no absolute system of reference.										`		The two postulates - the relativity principle and the principle of light constancy - are quite sufficient, according to Einstein, to create the electrodynamics of moving bodies. Yet, for "the theory based on these two principles not to lead to contradictory consequences, it is necessary to reject the common rule of velocities' addition" (Einstein, 1910).					And namely that was done in 1905d  "On the Electrodynamics of Moving Bodies", published several months after the photon paper. Einstein had disclosed  the hidden assumption - the basis of the Galileo addition law - that the statements of time, as well as of the shapes of moving bodies have the sense independent of the state of motion of the reference frame. He demonstrated that the acceptance of "principle of relativity" together with the "principle of constancy of light" is equivalent to modification of the simultaneity concept and to clock delay in moving reference frame. It should be pointed out that Einstein was not an idle thinker contemplating on the essense of space and time. He was forced to elevated philosophical reflections on the nature of space and time by a mundane  physical problem of reconciling Principle of Relativity with the Light Conctancy postulate.							This is not to diminish the influence of empiricism – of Ernst Mach and especially of David Hume on Einstein’s thinking. Their works were immensely helpful for  Einstein in recognizing that the inconsistency of the Principle of Relativity and the Principle of the Constancy of the Speed of Light is only apparent. These two principles can co-exist if one  gives up the notion that simultaneity is absolute.Einstein recognized that the traditional concept of simultaneity of distant events was not fixed by experience; and that its use tacitly committed us to a false presumption, the absoluteness of simultaneity – its independence from the state of motion of the observer.										Hence Einstein’s use of Hume and Mach’s philosophical writings was “highly selective” (John D.Norton). His ultimate goals were not so much to apprehend  Hume and Mach’s elevated philosophical thought as to find in them ideas that may be useful in his mundane creative work as a physicist. A remarkable  letter of December 14, 1915, to Moriz Schlick (Doc. 165) highlights the importance of Hume and Mach:		
“Your exposition is also quite right that positivism suggested  relativity theory , without requiring it. Also you have correctly seen that this line of thought was of great influence on my efforts and indeed E.Mach and still much more Hume, whose treatise on understanding I studied with eagerness and admiration, shortly before finding relativity theory”.
Thus Hume’s and Mach’s writings provided “the type of critical reasoning”  (Einstein 1949) necessary for the clearing the thinking from the remnants of obsolete metaphysical systems “rooted unrecognized in the unconscious” (Einstein 1949).Nevetheless the positive drive was to be found on the other ways. In a letter to Besso on 6 January 1948 Einstein points out that
“I see his [Mach’s] weakness in this, that he more or less believed science to consist of mere ‘ordering’ of empirical ‘material’; that is to say, he did not recognize the freely constructive element in the formation of concepts. In a way he thought that theories arouse through discoveries  and not through inventions.He even went so far that he regarded ‘sensations’ not only as a material which has to be investigated , but, as it were, as the building blocks of the real world” (Speziali 1972, Doc 153; translated by Gerald Holton).
And the positive drive for scientific creativity should  be found in Kantian epistemology.
Kant considered even mathematics – maintained to be most stable and certain because of its being analytical – as an a priori synthetic judgement. As Kant stressed in “Prolegomena”, the essential feature of pure mathematical cognition, differentiating it from all other a priori cognition, is that it must throughout proceed not from concepts, but always and only through the construction  of concepts. Because pure mathematical cognition, in its propositions, must therefore go beyond the concept to that which is contained in the intuition  corresponding to it, its propositions can and must never arise through the analysis of concepts, i.e. analytically, and so are one and all synthetic.											The Kantian thesis of the intuitive character of mathematics means the limiting of mathematics to those objects that are constitutable [Konstruierbar]. Intuitive is equal to constitutable.Hence what Kant problematized as the activity of subjectivity was mathematical intuitionism that acknowledges only finite objects, namely those that can be constituted.It is not surprising that the development of mathematics has been driven  more by applied mathematics (by “games”) than by any principle. This is because the crux of mathematics has always been connected with the practice of grasping the relations of things.						The closest approximation to Kant’s approach nowadays is intuitionism. Intuitionism acknowledges only finite objects, namely, those that can be constituted.In his later years Wiitgenstein, who developed his thinking in the Kantian/Kierkegaardian atmosphere of Vienna,  spoke of mathematics as a motley bundle of inventions; for him “mathematician is not a discoverer: he is an inventor”. It should be added that the later Wittgenstein appeared to be even more Kantian than early Wittgenstein.								
"Thus, the theory of relativity changes our views on the nature of light in the sense that light steps forward in it without any connection with a hypothetical medium, but as some thing that exists independently, similar to matter. Then this theory, in analogy to the corpuscular theory of light, differs in that it acknowledges mass transition from a radiator to absorber" (Einstein,1909).					
Well, if all these is true, a question arises: why did Einstein in his STR 1905d paper not cite his 1905a paper on light quanta? - Writing to his friend Conrad Habicht in 1905 and sending him the fruits of his labors at that time, Einstein called his light quanta paper "very revolutionary", while he noted that the relativity paper might be interesting in its kinematical part. The contemporaries saw it in the same way. For instance,  "The spirit of revolution is seen at its boldest in the theory of radiation" (MacLaren 1913,43). So, reference in the paper, introducing significant changes  mainly of metaphysical character, on the hypothesis that had already introduced revolutionary changes and had obviously contradicted Maxwell's theory, could hardly make the arguments stronger. Even in 1916 R.Millican had declared that	
"despite ...the apparently complete success of the Einstein equation (for the photoeffect) the physical theory of which it was designed to be symbolic expression is found to be so untenable that Einstein, himself, I believe, no longer holds it".					
Einstein himself at the first Solvay Congress had to admit "provisional character of this concept (light quanta) which does not seem reconcilable with the experimentally verified consequences of the wave theory"(quoted from Pais,1979, 884).The situation was even  worse  since direct experimental evidence in favor of light quanta hypothesis was absent. It appeared only in 1923 (the Compton effect). Hence German scientists, for instance, did their best to elect Einstein to Berlin Academy of Sciences in 1914, but had to make a reservation:  	“That he might sometimes have overshot the target in his speculations, as for example in his light quanta hypothesis, should not be counted against too much” (Einstein, 1990, 377). At the same time Einstein’s 1905d relativity paper was characterized by the academicians as “famous” one presenting his main scientific impact.								Being taken independently, the STR did not explain any new experimental fact. Predictions of the Lorentz theory were identical to that of the STR, so that it would not be possible in any case to distinguish between these theories on experimental grounds. Moreover, most of Einstein’s contemporaries wrote about “Lorentz-Einstein electron model”, about the “principle of relativity of Lorentz and Einstein”, etc. At the time of publication of Lorentz’s second order theory (1904) the only data available to test these theories were Kaufmann’s measurements of the masses of slowly moving electrons. But they were initially interpreted as contradicting both STR and Lorentz’s theory. It took a year for Einstein to answer on Kaufmann’s paper. One  can imagine how the STR was evaluated by the scientific community in 1905 - 1906!	Furthermore, Einstein did not reveal the connections between 1905a and 1905d until 1909. However, without this connection his STR postulates can be evaluated as ad hoc hypotheses and they were! - The reaction of Poincaré and of the French school is the most obvious example. So, being confronted with many rival theories, why did Einstein preferred special theory of relativity? What advantages did it have over the theories of Lorentz, Ritz and others?														- The answer again points to  Einstein’s Kantian background. Einstein always admitted that in principle there can be empirically equivalent theories for any domain of phenomena. But if for conventionalist (like Pierre Duhem) such an underdetermination of theory by facts means that there can be no ultimately true theory, the Einsteinian approach in the Kantian vein illuminates Einstein’s seemingly puzzling remarks that despite this undetermination at any given time there is only one correct theory: the theory with the greatest power of unification at that time (Einstein  1918; see Beller, 2000 for details).							We are usually told that in constructing 1905d Einstein had created a “theory of principle”, rather than a “constructive theory”.  Indeed, it is to his boon companion   Michele Besso that Einstein dedicated the only acknowledgement in his paper, a paper that stands out for its lack of any reference to the literature. Furthermore,   in the 1905d paper “the failure of attempts to detect a motion of the earth relative to the ‘light medium’” is used as evidential support only for one of the two basic postulates – for the “Principle of Relativity”. The “Light Postulate” is introduced almost parenthetically, without any discussion of its experimental grounds. Only in his 1905e  paper describing his 1905d results Einstein drops a phrase: “the principle of the constancy of the velocity of light used there is of course contained in Maxwell’s equations” (Einstein, 1989, 172).But 1905d  was only a provisional construct. Einstein himself realized that
 “a physical theory can only be satisfactory, if its structures are composed of elementary foundations.The theory of relativity is just as little ultimately satisfactory as, for example, classical thermodynamics was before Boltzmann had interpreted the entropy as probability “(Einstein to Arnold Sommerfeld, 14 January 1909; quoted from Stachel, 2000, 10]).                                                                                                                                                                                                                                                                                                                      
So, the  statement  that 1905d was a theory of principle is only half of the truth. In reality 1905d was a constructive theory that only posited itself as a theory of principle possibly due to tactical   reasons. That is why two  years later, trying to explain the SRT foundations to broad physical community, Einstein modestly described his relativity theory as 	 “an attempt to summarize the studies that have resulted to date from the merger of the H.A.Lorentz’s theory and the principle of relativity” (Einstein, 1907, 253), characterizing Lorentz’s and Fitzgerald’s contraction hypothesis as “ad hoc” and “only an artificial means of saving the theory” from the negative results of Michelson and Morley 1887 experiment. 						But the situation could not last over a long period of time. Einstein had to unfold the link between 1905a and 1905d four years later. In  1909, in Salzburg,     he  made a report at the 81-st meeting of German Natural Scientists and Physicians under the heading  “On the Development of our Views on the Nature and Structure of Radiation”. It  represented  practically the first effort to analyze his works as a whole. And it was one of the first public reports of the STR author dedicated to explanation of its foundations. The report begins with a succinct  exposition of the theory of luminiferous ether that ends by an important  phrase: “However, today we must regard the ether hypothesis as an obsolete standpoint”. Why? – What I want to stress is  that for the answer Einstein dwells not  to the Michelson-Morley or Fizeau experiments, but elucidates that 
"it is even undeniable that there is an extensive group of facts concerning radiation that shows that light possesses certain fundamental properties that can be understood far more readily from the standpoint of Newton’s emission theory of light than from the standpoint of the wave theory. It is therefore my opinion that the next stage in the development of theoretical physics will bring us a theory of light that can be understood as a kind of fusion of the wave and emission theories of light”( Einstein, 1909, 379).
      And the abovementioned experiments are brought into consideration only in the context of the “cardinal aspect in which the electromagnetic theory agrees with, or, more accurately, seems to agree with the kinetic theory” (ibid). So, they were the foundations of Lorentz’s dualistic programme that were eloquently described by the following Einstein’s words:
	“The successful systems of physics which have been evolved since rather represent compromises between these two schemes, which for that reason bear a provisional, logically incomplete character, although they may have achieved great advances in certain particulars.		The first of these that calls for mention is Lorentz’s theory of electrons, in which the field and the electrical corpuscles appear side by side as elements of equal value for the comprehension of reality” (Einstein [1931], 1968, 246).
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