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is confirmed indirectly by the following peculiarity concerning the editorial policy of
Annalen der Physik.

After Paul Drude’s suicide, Max Planck and Wilhelm Wien became the editors of
the journal. While in Drude’s time only 5-10% of manuscripts were returned, owing to
Planck’s and Wien’s efforts this number became 15-20%. “Completely without value”,

“nothing new”, “contradictions” are evaluations that issue from Planck’s pen (Pyenson,
1985, p. 200). According to Miller (1982, p. 22), while each author’s initial contribu-
tions were scrutinized by either the editor or a member of the Curatorium, subsequent
papers were published with no refereeing. Cullwick (1972) had pointed out that
Einstein’s 1905c¢ had many tiny mistakes, and had concluded that it was published
without refereeing. The fact can be easily understood if one takes into account that STR
and QT papers were considered by the editors as belonging to one and the same
programme.

Why did Einstein not quote his photon paper? As Gerald Holton remarked,
Einstein was initially reluctant to present STR as a new theory, “and after it has been
christened so by Planck (1907) and others, he frequently referred to it as the ‘so called
relativity theory’. In his first review article, written in good part for didactic purposes in
1907, he presented his work on relativity as the unification of the Lorentzian theory and
the relativity principle. In the titles of his papers until 1911, Einstein used the term
‘Relativitatsprizip’ rather than ‘Relativitatstheorie’ ” (Holton, 1980, p. 57).

Moreover, the reference in the paper, introducing significant changes mainly of a
metaphysical character, on the hypothesis that introduced revolutionary changes and
contradicted Maxwell’s theory, could hardly make the arguments stronger. Even in
1916, R. Millikan declared that “despite...the apparently complete success of the
Einstein equation (for the photoeffect) the physical theory of which it was designed to
be a symbolic expression is found so untenable that Einstein himself, I believe, no longer
holds it.” Einstein himself at the first Solvay Congress had to admit “the provisional
character of this concept (light quanta) which does not seem reconcilable with the
experimentally verified consequences of the wave theory” (Pais, 1979, p. 884). Direct
experimental evidence in support of light quanta appeared only in 1923 (the Compton
effect), but the negative attitude of the pre-Compton scientific community to the photon
hypothesis should not be exaggerated.

On the contrary, Abraham Pais (1980, p. 197) insists that “from 1905 to 1923 he
[Einstein] was a man apart in being the only one, or almost the only one, to take the
light quanta seriously”. Was it really so? But how can we explain the enormous number
of American publications dedicated to various emission theories—the works of Com-
stock (1910), Tolman (1912), Trowbridge (1911), Stewart (1911), Laub (1912) and
others? To quote Jacob Kunz (1910, p. 314) “whereas the principle of rclatmty and the
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Millikan experiment, we knew the various other experiments that had tried to
get the maximum energy of photoelectron; we knew of the experiments of
Planck and Hertz. The whole experimental program under Karl Compton
really was based on the idea of the particle nature of light at least as a working
hypothesis.

M. Klein. Well, I cannot quarrel with your memory .... (Klein, 1980, p. 193)

Smith’s evidence is confirmed independently by another direct participant at the events
(Walter Gerlach, 1979, p. 191).

The 1905 photon paper differs from 1905c both in a more careful heading, “On an
Heuristic Point of View ...,” and by the less categorical tone of the main conclusion: “In
the following, I shall communicate the train of thought and the facts that led me to this
conclusion, in the hope that the point of view to be given may turn out to be useful for
some research workers in their investigations”. Compare with: “Insufficient understand-
ing of these peculiarities is the root of the difficulties that have to be overcome by
clectrodynamics of moving bodies” in the paper on Special Theory of Relativity.

Thus, Einstein had good reasons not to cite his photon paper in the STR exposition.
But why did he not reveal the connection between them later, after the Nobel Prize, for
instance? Einstein’s activities on the General Theory of Relativity provide the clue (see
Nugayev, 1988 for details). In a letter to Lorentz (1919) Einstein had confessed that “it
would have been better could I have restricted myself in my earlier publications to
insisting that it is the velocity of the aether which is not real instead of having defended
at all the non-existence of the aether” (quoted from Illy, 1989, p. 54).

Why did the new physics force out the old?

In 1906 Paul Ehrenfest and Albert Einstein were the first to recognize that Planck’s
blackbody law could not be derived without restricting the resonator energy to integral
multiples of #v. Ehrenfest’s conversion to quanta was not accidental. According to
Martin Klein, in 1899-1900 Ehrenfest attended Boltzmann’s lectures on the mechanical
theory of heat. His first publication was a paper dealing with a small point in the theory
of gases, which Boltzmann presented to the Royal Academy of Sciences on July, 1903.
Ehrenfest’s thesis “The Motion of Rigid Bodies in Fluids” Boltzmann characterized as
“very fundamental”, “diligently and cleverly worked out”. When Ehrenfest cited Boltz-
mann’s work in a particularly complete way, Boltzmann remarked: “If only I knew my
own work that well” (Klein, 1970, p. 48). Ehrenfest’s main interests were in statistical
mechanics; so, at least initially, quantum theory seemed to him to be a branch of
statistics. Even in his 1911 paper, “Which Features of the Hypothesis of Light Quanta
Play an Essential Role in the Theory of Thermal Radiation?”, Ehrenfest demonstrated
that the reason why energy quanta were proportional to frequency consisted in the
requirements of the Second Law of Thermodynamics in its statistical form.

Until 1908, Einstein’s and Ehrenfest’s demonstrations had little apparent impact
(Einstein’s photon paper was the first sympathetic response to Planck’s blackbody
investigation). Yet the paper, presented by Hendrik Lorentz in 1908, caused a profound
change in the attitude of the physical community towards quantum: “one cannot escape
Jeans’s conclusion, at least not without profoundly modifying the fundamental hypoth-
esis of the theory” (Lorentz, 1909, p. 160).

Up to 1911, Roentgen radiation, the photoeffect (experiments of Barkla and Stark),
luminescence and atomic theories became important application domains of the Quan-
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tum Programme. They had provided a constant empirically-progressive problem shift.
Serious success came from Nernst’s 1911 confirmation of Einstein’s 1907 specific heats
formulae. If Planck’s theory strikes to the heart of the matter, then one should,
according to Einstein, make a fundamental change in the foundations of statistical
mechanics. Quantum discontinuity is connected not only with the interaction of
radiation with matter. What about the oscillators appearing in molecular theories? They
too must obey quantum restrictions in direct contradiction to classical statistical
mechanics. Einstein found confirmation in the departures of specific heats of some
bodies from the Dulong-Petit rule, that went against the equipartition theorem. Thus,
Einstein’s specific heat theory was a statistical-mechanical one, independent of electro-
dynamics. He had quantized the energies of neutral atoms, also.

In 1907 Wien’s theory was confirmed. He considered the radiation of moving
charged particles with the help of Planck’s theory. In the same year Wien had applied
his theory for the Roentgen spectra analysis. His predictions were confirmed in 1912,
when X-ray diffraction was observed.

At the same time Ehrenfest showed that if one is to describe radiation by particle
representation, then the “particles” one uses must have properties fundamentally
different from those of any particles previously used in physical theories. The new
particles are not independent, but must show a kind of correlation. Ehrenfest’s results
corresponded to that of Einstein obtained in 1909.

The first Solvay Congress (1911) firmly revealed the inability of classical mechanics
and classical electrodynamics to solve the problems concentrated in the radiation theory.
“The result of the discussion of these questions seems to be a general acknowledgement
of the inadequacy of classical electrodynamics in describing the behaviour of systems of
atomic size” (Bohr, 1913, p. 2). Thus, in spite of the fact that the light quanta
hypothesis had to wait for general recognition for more than 10 years, the quantum
theory successes cut the ground from the feet of the wave theory and aether notion
which constituted the foundation of it. It had been already pointed out (Garber, 1976,
p. 123) that of the men who worked upon the blackbody radiation problem, both before
and after 1900, all but one (Rayleigh) in some way concerned themselves also in the
questions of relativity. Even Jeans’s first paper, in which he accepted the theory of
quanta, had a relativistic ring to its title: “Planck and Non-classical Mechanics”.

Bohr’s atomic models constituted a serious blow to classical physics. On the path
of mechanics and electrodynamics unification, many facts were predicted and success-
fully confirmed that could not be explained by classical physics. When G. Hevesy told
Einstein that new experiments confirmed Bohr’s explanation of the origin of Pickering’s
lines, “the big eyes of Einstein looked still bigger and he told me, “Then it is one of the
greatest discoveries!”” (G. Hevesy to E. Rutherford, 14 October 1913). In another letter
Hevesy described Einstein as being particularly impressed by the following: “Then the
frequency of the light does not depend at all on the frequency of the electron?—(I
understood him so). And this is an enormous achievement. The theory of Bohr must be
then right”. (G. Hevesy to N. Bohr, 23 September 1913. Both letters are quoted in
Klein, 1970, p. 278).

Different physicists of various countries had indicated many times that it was the
quantum theory that led to aether rejection. At first, Norman Campbell, a Fellow of
Trinity College, Cambridge, began his 1910 paper by stating that “the position of the
conception of “aether” in modern physics is anomalous and unsatisfactory... No doubt
much of the dissatisfaction with the aether is based on the recent theories of the atomic
nature of radiation and on the proof that the principle of relativity is an adequate
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foundation of electromagnetic theory...” (p. 181). The conclusion of the paper is no less

interesting: “My object is not to marshall all the arguments that might be brought

against the use of that concept, but only those which appear to me especially destructive

at the present time. The recent work of Bucherer, and the atomic theories of J.J.

Thomson and Planck (the latter recently developed by Stark so as to resemble the

former very closely) will be found very difficult for the believers in the aether to

assimilate or to explain away; if they attempt to do so it will doubtless be in the belief

that the concept of the aether is worth retaining” (Campbell, 1910, p. 189).

In the USA, one of the emission theorists, Jacob Kunz, pointed out that “while the
electromagnetic wave theory of light accounted for the groups of phenomena of
reflection, refraction, interference, polarization, etc., difficulties were found in the
explanation of the aberration, and of the experiments of Airy, Fizeau and Michelson &
Morley... The principle of relativity, giving up ether, points towards elements of
electromagnetic energy, that have a certain analogy with material particles. Independent
of the principle of relativity, the theory of radiation of the blackbody has been developed
by Lorentz, Planck, Larmor, J.J. Thomson and other... Whereas the principle of
relativity and the theory of radiation of Planck assume discontinuities in the emission
and absorption of light, there are many optical phenomena pointing towards a corpus-
cular constitution of light and Roentgen rays. This is so much so, that a special
corpuscular theory of Roentgen rays has been developed by Bragg, who considers them
as made up of dopublets of positive and negative particles” (Kunz, 1910, p. 313-314).

In Russia, Paul Ehrenfest finished his paper called “The Crisis in the Light Ether
Hypothesis” by pointing out the group of “sophisticated questions that maybe takes the
most important role in the future of the ether hypothesis—I have in mind the tangled
group of questions that is connected at present with the war-cry ‘atoms of light’”
(Ehrenfest, 1913, p. 161).

In the well-known, widely read and highly-praised (by A. Einstein, for instance)
textbook The Course of Physics, C.D. Chwolson analyzes “the series of propositions that
are obtained either as theory of relativity consequences, or emerged in tight connections
with it.

(1) The aether does not exist...

(5) The energy possesses the inertial mass; it is analogous to matter and the transforma-
tions of ponderable mass to energy (and vice versa) are possible.

(6) The energy can have autonomous existence, independent of some material, in the
most general sense of the word, substratum. It can be emitted and absorbed by the
bodies and can be transmitted in space that is absolutely empty.

(7) The energy can have atomic structure. It is true, first of all, for radiant energy (see
one of the following chapters). Points 5 and 6, being taken together, constitute a
return to Newton’s theory, though in modified form” (Chwolson, 1912, p. 400).

Moreover, the important connection between the aether rejection and quantum
theory successes was admitted not only by STR protagonists. The most vivid examples
are D. A. Goldgammer’s papers (see in full length Nugayev, 1988), who indicated that
the idea of aether non-existence had empirical foundations due to blackbody radiation
data.

But the most direct evidence in favour of a connection between STR and the old
quantum theory is the paper “A Revision of the Fundamental Laws of Matter and
Energy” published in the November 1908 issue of Philosophical Magazine. Its author was
Gilbert N. Lewis, the future inventor of the term “photon” (1926), at that time an
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Associate Professor of physical chemistry at MIT. The paper begins as follows: “Recent
publications of Einstein (Annalen der Physik, 18, p. 639, 1905) and Comstock (Philoso-
phical Magazine, 15, p. 1, 1908) have emboldened me to publish certain views which I
have entertained on this subject and which a few years ago appeared purely speculative,
but which have been so far corroborated by recent advances in experimental and
theoretical physics that it seems desirable to subject this view to a strict logical
development, although in so doing it will be necessary to modify those fundamental
principles of mechanics of ponderable matter which have remained unaltered since the
time of Newton” (Lewis, 1908, p. 705).

But what are the views that appeared “purely speculative” and why were they not
published in the USA first? In his letter to Robert Milikan, Lewis remembered: “In 1897
I wrote a paper on the thermodynamics of hohlraum which was read by several members
of the chemistry and physics departments. They agreed unanimously that the work was
not worth doing especially as I postulated a pressure of light, of which they all denied
the existence. They advised me strongly not to spend time on such fruitless investiga-
tions, all being entirely unaware of the similar and more successful work that Wien was
then doing. A few years later I had very much the same ideas of atomic and molecular
structure as I now hold, and I had a much greater desire to expound them, but I could
not find a soul sufficiently interested to hear the theory” (quoted from Kohler, 1971, p.
351). Lewis’s 1908 paper was the first American publication dealing with relativity. It
was not an accident that Lewis was not a teacher of physics just as Einstein was a clerk
in the patent office. Lewis was a physical chemist at Massachusetts Institute of
Technology, but a chemist with wide-ranging interests. Besides papers in physics, he
published in mathematics and even in economic theory (Goldberg, 1983). Later, in a
letter to Arnold Sommerfeld (12 December 1910), Lewis had confessed that he had
written his 1908 paper without the knowledge of Einstein’s work. Someone had pointed it
out to him after the fact. In view of the STR genesis considered in this paper it is quite
reliable that Lewis came to relativity independently of Einstein from a light quanta
hypothesis realizing the programme of his own, the programme initiated before 1897.

Lewis begins his 1908 paper by postulating that the energy and momentum of a
beam of radiation are due to a mass moving with the velocity of light. From this
postulate alone, he demonstrates that the mass of a body depends on its energy content
and that, therefore, it is necessary to replace that axiom of Newtonian mechanics
according to which the mass of a body is independent of its velocity. On the contrary,
the mass of a body is a function of its velocity and becomes infinite at the velocity of
light.

The equation obtained by Lewis agreed with the results of Kaufmann’s experiments
on the relation between the mass of an electron and its velocity. Lewis obtains the
equation E = m/c? which “has also been obtained by Einstein (loc. cit.) who derived it
from the general equations of the electromagnetic theory, with the aid of the so-called
principle of relativity. That a different method of investigation thus leads to the same
simple equation we have here deduced, speaks decidedly for the truth of our fundamen-
tal postulate” (Lewis, 1908, p. 708).

As we have already pointed out, the idea of a corpuscular theory renaissance was
around at the beginning of the 20th century (see Rowlands, 1990). Hence, it is not
accidental that “to anyone unfamiliar with the prevailing theories of light, knowing only
that light moves with a certain velocity and that in a beam of light momentum and
energy are being carried with the same velocity, the natural assumption would be that
in such a beam something possessing mass moves with the velocity of light and therefore
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has momentum and energy” (ibid, p. 707). What is this something? The flow of light
particles, of course. However, “the view here proposed, which appears at first sight a
reversion to the old corpuscular theory of light, must seem to many incompatible with
the electromagnetic theory. If it were really so, I should not have ventured to advance
it, for the ideas announced by Maxwell constitute what may no longer be regarded as
a theory but rather a body of “experimental fact. The new theory is offered, not in any
sense to replace, but to supplement the accepted theories of light” (Lewis, 1908, p.
707). The author, no doubt, clearly understood all the dangers of pursuing straightfor-
wardly the corpuscular theory of light and at the end of his paper Lewis has to make a
reservation: “in the first place it should be noted that, while the theory is consistent with
a modified corpuscular theory of light, it does not necessarily imply that light is
corpuscular” (ibid., p. 716).

The reservation, however, could not save him from the severe criticism of Louis T.
More, Professor of Physics at the University of Cincinnati. He accused Lewis of
attempting “two distinct things: first, to establish quasi-corpuscular theory of light, and
second, to explain inertia, wholly or in part, as a function of velocity”” (More, 1911,
p. 519).

Nevertheless, the job was done and the connection between the light quanta and
STR was revealed. (Einstein demonstrated the /4nk only in 1909, at the Saltzburg
congress—see Nugayev, 1986.) Furthermore, in the next paper “The Principle of
Relativity and Non-Newtonian Mechanics” (1909) Gilbert N. Lewis & Richard C.
Tolman, soon to be an outstanding American specialist in general relativity, but a
student of physical chemistry at MIT at that time, particularly had pointed out that “the
two laws taken together constitute the principle of relativity... Moreover the system of
mechanics which he [i.e. Einstein] obtains is identical with the non-Newtonian mechan-
ics developed from entirely different premises by one of the present authors (p. 517).
For instance, the consequences which one of us obtained from a single assumption as
to the mass of a beam of light, and the fundamental conservation laws of mass, energy
and momentum, Einstein has derived from the principle of relativity and the electro-
magnetic theory” (Lewis & Tolman, 1909, p. 512). In evaluating Lewis’s programme,
his 1910 and 1912 papers on the mathematical apparatus of special relativity are also
important.

The interpenectration of STR and Newton’s Theory of Gravity brought to creation
general relativity (see at full length Nugayev, 1987). Its explanatory success (Mercury’s
perihelion precession) also helped to force out classical physics (Zahar, 1989). Of
course, the general relativity successes appear too modest in comparison with those of
the quantum theory, if we take into account that the famous bending of light effect can
be explained by any 4-vector gravitational theory (Rowlands, 1990, p. 260).

The limits of this paper do not allow me to give a more detailed account of the
quantum successes. I shall only described the most important steps. First, the results of
C. Barkla (1908), later confirmed by E. Wagner, should be mentioned. For X-ray
fluorescence, the frequency of the secondary radiation was found to be smaller than the
frequency of exciting it’s primary radiation in agreement with Stokes’s rule. Einstein’s
photoeffect formula was confirmed in 1916 by R. Millikan. The latter, however,
remarked. “Yet the semicorpuscular theory by which Einstein arrived at these equations
seems at present to be wholly untenable” (quoted from Mehra & Rechenberg, 1982, p.
513).

Johannes Stark became a leading advocate of light quanta. In 1909 he had treated
the X-ray production by the impact of electrons on the anticathode. His treatment was
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based on the energy and momentum conservation between an electron and a single
quanta.

In 1922 E. Schrédinger, in “Doppler’s Principle and Bohr’s Frequency Condition”,
obtained an important result. In the light quanta theory the same Doppler effect
followed for the frequency of spectral lines as in the wave theory for moving atoms.

Finally, Compton’s experiment convincingly demonstrated that “the scattering of
X-rays is a quantum phenomena” (Compton, 1923, quoted from Mehra & Rechenberg,
1982, p. 527).

In 1924 S. Bose came to the first derivation of Planck’s blackbody radiation formula
by associating with light quanta new statistical properties. On the basis of new statistics,
Einstein (1924-1925) quickly developed the quantum theory of monoatomic ideal
gases.

In 1924 L. de Broglie, in his doctoral thesis, came to the conclusion that the
description of quantum phenomena required matter to possess certain wave properties.

Nevertheless, in spite of its successes, the quantum theory of radiation raised even
more difficult problems, connected to its relation to classical radiation theory, classical
statistical mechanics, and classical thermodynamics. Mutual interpenetration of these
theories led later to the creation of quantum mechanics, quantum electrodynamics, and
quantum field theory.

Thus, the dialectic of the old fundamental theories appeared to be crucial for theory
change in physics. However, my intentions are far from elaborating a sort of
“internalist” explanation stressing the mystical role of theoretical autonomy in physics.
On the contrary, I think that the most general explanation should be given in sociolog-
ical terms offered by Andrew Pickering (1984) and Bruno Latour (1990).

The history of theoretical physics can be examined through a fluctuating pattern
of research traditions. Of all these traditions only those can survive that manage to
support each other. “A more powerful theory, we submit, is one that with fewer
elements and fewer and simpler transformations makes it possible to get at every other
theory (past and future). Every time a powerful theory is celebrated it is always
possible to rephrase this admiration in terms of the most trivial struggle for power:
holding this place allows me to hold all the others. This is the problem we have
encountered right through this paper: how to assemble many allies in one place”
(Latour, 1990, p. 50).

The world of old, pre-Einsteinian physics was conceptually and socially fragmented.
It was split on at least three research traditions belonging to electrodynamics, thermo-
dynamics and mechanics. Traditions organized around different phenomena generated
little support for one another. The practitioners of each theoretical tradition acknow-
ledged the existence of each other but went their own separate ways. With the advent
of relativity and quantum theory the conceptual unification of world views was accompa-
nied by a social unification of practice. So, this work describes merely an aspect of
transition. A more general account should involve a more general description of what a
tradition is.
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Why did the new physics force out the
old?

RINAT M. NUGAYEV

Tatarstan Academy of Sciences

Abstract The aim of my paper is to demonstrate thar Special Relativity and the early
quantum theory were created within the same programme of statistical mechanics, thermody-
namics and Maxwellian electrodynamics. I shall try to explain why classical mechanics and
classical electrodynamics were “refuted” almost simultaneously or, in other words, why the
quantum revolution and the relativistic one both took place at the beginning of the 20th century.
I shall argue that the quantum and relativistic revolutions were simultaneous since they had a
common origin—the clash between the fundamental theories of the second half of the 19th
century that constituted the “body” of classical physics. The revolution’s most dramatic point
was Einstein’s 1905 photon paper that laid the foundations of both special relativity and the
old quantum theory. Hence the dialectic of the old theories is crucial for theory change. Later,
classical physics was forced out by the joint development of quantum and relativistic sub-
programmes. The title of my paper can be reformulated in Bruno Latour’s terms: The
Einstein Revolution or Drawing Models Together.

Introduction

It had been generally believed, due to the hypothetical-deductive proponents, that the
downfall of classical physics at the end of the 19th century was caused by the refutation
of Newtonian mechanics and Maxwellian electrodynamics by the crucial experiments of
Michelson and Morley, as well as by experiments of Lummer and Pringsheim, etc. On
the one hand, the hypothetical-deductive scheme is based on philosophy-of-science
arguments, and on history-of-science “facts”, on the other. While the methodological
drawbacks of the hypothetical-deductive scheme were thoroughly discussed, the second
aspect still remains obscure. Indeed, the beloved example (or case study) of those who
defend the hypothetical-deductive scheme is Lord Kelvin’s prophetic speech, devoted to
two clouds “that obscure the beauty and clearness of the dynamical theory”. But
unprejudiced investigation reveals that classical physics’ outstanding protagonist spoke
not about “facts” and “refutations”, but about two paradoxes. And the facts were taken
into account only in connection with the paradoxes, not by themselves.

For instance, the first paradox or “cloud”—*“relative motion of ether and ponder-
able bodies”—was dealt with even by Fresnel and Young. It “involved the question, how
could the ether move through an elastic solid, such as essentially is the luminiferous
ether?” (Kelvin, 1901, p. 1). The paradox consists in the question, if “ether does occupy
the same space as ponderable matter” and if “that ether is displaced by ponderable
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bodies moving through space occupied by ether”, “how then could matter act on ether?”
(Kelvin, 1901, p. 3). The Michelson—-Morley experiment is considered only as making
dubious one of the paradox’s solutions (that of Fresnel), and the contraction hypothesis
of Lorentz and Fitzgerald is called “brilliant” (Kelvin, 1901, p. 6).

The second “cloud” is the Maxwell-Boltzmann doctrine regarding the partition of
energy. It was even called “the greatest difficulty yet encountered by the molecular
theory” by Maxwell in 1873. It is not surprising that the experiments of Lummer ez al.
are not even considered.

The aim of this paper is to reveal the causes of the paradoxes and to demonstrate
the ways they were resolved by the new physics. My main thesis will be that special
relativity and the early quantum theory were created within the same programme of fusing
statistical mechanics, thermodynamics and Maxwellian electrodynamics. Lord Kelvin’s para-
doxes disclosed the origin of quantum and relativistic revolutions—the clash between
these theories caused by their interpenetration which began in the second half of the
19th century.

Moreover, as already mentioned, the standard refutationist account cannot explain
why classical mechanics and classical electrodynamics were refuted almost simul-
taneously. Or, in more suitable terms, why did the quantum revolution and the
relativistic one both take place at the beginning of the 20th century?

I shall argue that quantum and relativistic revolutions were simultaneous because
they had a common origin—the clash between the fundamental theories of the second
half of 19th century that constituted the “body” of classical physics. The revolution’s
most dramatic point was Einstein’s 1905 photon paper that laid the foundations of both
the STR and of the old quantum theory. Classical physics was forced out by the joint
development of quantum and relativistic sub-programmes.

The STR genesis

What was the Einstein programme? To answer the question we must remember that
Einstein was known to the scientific community at the beginning of the 20th century
mainly as a quantum and atomic theorist (Kobzarev, 1979). Einstein, too, saw himself
in the same way. The theme of his first professorial speech was “On the role of atomic
theory in modern physics”. His Nobel Prize was given for the photoelectric effect, and
not for STR.

Einstein’s first two papers, published in 1901 and 1902, studied intermolecular
forces by applying phenomenological thermodynamics. From the start of his career, the
author of Special Relativity was deeply impressed, as Martin Klein has emphasized, by
the simplicity and the scope of classical thermodynamics. However, the latter included
for him the statistical approach he had learned from Boltzman’s works, and he began to
develop statistical thermodynamics. The result was a series of 3 papers published in
1902, 1903 and 1904. They provide a clue for understanding his work on quanta
(1905a), on Brownian motion (1905b) and on STR (1905c¢). In describing the 1902—
1904 papers we will follow Thomas Kuhn’s 1978 excellent study.

The first important result to consider is the fact that for physical systems of an
extraordinarily general sort, Einstein had produced by the summer of 1903 both a
generalized measure for temperature and entropy, containing some universal constant y.
By the time he finished his 1903 paper, Einstein had recognized that y 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
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general than gases. It should therefore have a correspondingly general physical basis.
The basis should reflect the statistical-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. The physical
significance of y was the central problem attacked in Einstein’s third statistical paper,
submitted to the Annalen in the spring of 1904. The solution of the problem lay in the
phenomena of energy fluctuations. Einstein demonstrated that

e* = 2yT dE/dT,

where &? is a measure of thermal stability of the system. It is his recognition of the
physical role of the constant y that directed his attention to the blackbody problem.
“The equation just found would permit an exact determination of the universal constant
7 if it were possible to determine the energy fluctuation of a 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, p. 360, translated by
Kuhn, 1978).

At least one more step in the development of the statistical-thermodynamics
programme was needed, and Einstein took it in a famous paper published the following
year. Its content strongly suggests that Einstein had begun to seek a blackbody law of
his own, that he had quickly encountered the paradox—the contradiction between
statistical mechanics and Maxwellian electrodynamics—and that he had dropped the
search for a law in favour of an exploration of the paradox itself. This is clear from the
very beginning of his paper (translated by Ter Haar, 1967).

There exists 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, but
still finite numbers of atoms and electrons, we use for the 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”.

In the first part of his paper Einstein demonstrates how the contradiction of
mechanics to electrodynamics leads to the “ultraviolet catastrophe” (Ehrenfest’s no-
tion): “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 the resonators, the greater becomes the
radiation energy in space and in the limit we get

J' p, dv= (8nR/NL?) f v2dv=
0 0

In the second part of his 1905a paper Einstein applies thermodynamics (dS/
dE = 1/T), statistical mechanics (S = klogW) and Maxwellian electrodynamics
(E = V[p,dv) to describe the domain of empirical reality covered by Wien’s radiation
law p, = awv’exp(— hv/kT), « = 8nh/c®. Einstein takes f = h/k = NA/R as an undefined
constant in his 1905a paper and hence he writes Rf//N everywhere instead of /). The
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joint application of three fundamental theories enables Einstein to arrive at an appar-
ently deductive argument: if monochromatic radiation of frequency v and energy E is
enclosed in the volume V%, then the probability W that at any moment all the radiation
energy will be found in the partial volume V of the volume V) is given by

W= (VIV)=" V)

But in the same paper Einstein demonstrates that in the case of #, independently
moving point particles enclosed in a volume Vj, the probability of finding them all
momentarily in the subvolume V is

W = (VIVy)" 2)

Comparing (1) and (2), Einstein concludes that “monochromatic radiation of small
density behaves in thermodynamic respects as though it consists of distinct independent
energy quanta of magnitude 4v.” He did not appreciate that the existence of photons
was rendered more than a plausible hypothesis by the derivation of (1). Only many years
later Jon Dorling (1971) convincingly demonstrated that the argument by analogy which
Einstein used to introduce photons is in fact redundant, and that his conclusion already
follows deductively from what he had already established.

It was the fact of quantum theory originating from the clash between classical
mechanics and statistical mechanics that was pointed out by one of the leading Russian
theorists at the beginning of the 20th century. “But the most curious thing is that the
quantum idea should be born half a century ago, when the kinetic theory of matter was
created, since this idea is intimately connected with the molecular structure of matter
and is a specific reflection of this structure” (Goldgammer, 1923, p. 118).

“But 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 Rf\V/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?” That is the question
put by Einstein at the end of one of his 1905a sections. But the aether notion prevented
the positive answer. To create the quantum theory of radiation, one needs electromag-
netic fields as independent entities that can be emitted by the sources “just as in
Newton’s emitting theory” (i.e. the energy transmitted in the process of emittance
should not be dissipated in space, but should be completely preserved until an
elementary process of absorption). But in the aether theory the electromagnetic field is
considered as a specific state of the aether—a state of the 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—Kkinetic theory there
exists the reverse process for each one, in which only few elementary particles participate
(for instance, for each collision of molecules), the picture is quite different for elemen-
tary processes within the wave theory. According to it, an oscillating ion radiates an
outgoing spherical wave. The reverse process, as an 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).

But rejection of the aether and acceptance of Newton’s theory lead directly to the
“ballistic hypothesis” developed separately by Walter Ritz: the velocity of the quantum
should depend upon the velocity of its source. Velocities of light and of its source must
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be added in accordance with the Galileo formulae of classical mechanics. Why did
Einstein reject it?

In a conversation with Shankland, Einstein confessed that he had considered the
ballistic hypothesis as a possible version, but left it before 1905 since he could not find
an equation, the solution of which represented waves with a source dependent velocity.
However, Ritz gave up the notions of electric and magnetic fields and operated only with
interaction forces. Yet Einstein did not think about rejecting the Maxwell theory. In his
1905 photon paper he had pointed out that “wave theory operating with point
continuous functions is excellently justified when describing the purely optical phenom-
ena and, perhaps, would not be replaced by another theory”. Ritz’s theory successfully
explained the Michelson-Morley results, as well as those of Kennedy and Thorndike
and Trouton and Noble, not to forget the ultraviolet catastrophe. However, we still have
serious reasons for rejecting all the emission theories on empirical grounds (see, for
instance, Fox, 1965, and references cited therein).

Hence, if we want to give up the ether idea and consider the emission and
absorption of light “just as in Newton’s emission theory” (Einstein), but to disown the
ballistic hypothesis at the same time, we are forced to postulate the special “principle of
constancy of light velocity”. The second fundamental STR principle—“the principle of
relativity”—follows immediately from the “fact” that there is no aether and, conse-
quently, no absolute system of reference.

The two postulates, according to Einstein, are quite sufficient 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
velocity addition” (Einstein, 1910).

That was done in 1905c entitled “On the Electrodynamics of Moving Bodies”,
published several months after the photon paper, Einstein revealed a hidden assump-
tion—the basis of Galileo’s addition law—that the statements on time as well as on the
moving bodies’ shapes have a sense independent of the reference frame’s state of
motion. He showed that the acceptance of the relativity principle together with the
principle of light constancy is equivalent to the modification of the simultaneity concept
and to clock retardation in moving reference frames.

Thus, the Theory of Relativity changes our views on the nature of light in the
sense that light steps forward in it not in any connection with a hypothetical
medium, but as something that exists independently, similar to matter. Then
this theory, similar to the corpuscular theory of light, differs in that it
acknowledges mass transition from a radiator to absorber. (Einstein, 1909)

In the STR 1905c¢ paper Einstein refers neither to the light-quantum paper, nor to
the blackbody theory paradox. Instead, he starts with the description of the asymmetry
between the motions of a conductor and a magnet, which is obvious to anyone knowing
that the aether and consequently the absolute frame do not exist at all. However,
without the necessary connections with the quantum paper, the STR postulates could
be evaluated as ad hoc hypotheses, and they were! (See, for instance, Stanley Goldberg’s
sarcastic comments in his 1967 paper.) So, Einstein did his best to convince readers that
“the similar examples, as well as unsuccessful attempts to find the Earth’s motion
relative to a luminiferous medium, lead to the supposition that, not only in mechanics
but in electrodynamics as well, no property of events corresponds to the notion of
absolute rest.” The assumed connection between the STR and the old quantum theory




