Einstein: the creatidh of the theory of relativity and some
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Some characteristic methods that Einstein used to analyze the problems of the electrodynamics of moving
bodies are discussed. Einstein rejected the method of “accumulation of hypotheses”, reevaluated the
results of electrodynamic experiments, generalized them in the form of the relativity principle, interpreted
this as a law of nature, and, significantly, made it the point of departure of a new theory—the special
theory of relativity. It is shown that Einstein gave great importance to generalizing the results of
experiments and the part played by theory, in which nature is regarded as an integral whole; for
Einstein, all the variable parameters used in a theory are interconnected and interdependent; this also
applies to space and time, which lose their substantiality and, thus, absoluteness. It is pointed out that it
was only the realization that the metric expresses thé laws of physical interconnection that made possible
the formulation of the general theory of relativity. Einstein’s negative position with respect to the
conventionalism of Poincaré and Reichenbach, in particular the interprétation of geometry as a
conventionally chosen method of describing experience independent of physical interconnections, is
discussed. In connection with the criticism of conventionalism, consideration is given to descriptions of
one and the same experiment that have different forms, and it is shown that some of these descriptions
merely represent formal transformations that do not reveal new connections in nature whereas others give
the same results only at a definite stage of understanding, their subsequent development however
revealing that they correspond to different levels of penetration into the essence of the phenomena.
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INTRODUCTION This understanding of the need for unity of experiment

In the present paper, I shall discuss the manner in and theory already provided Einstein with a powerful

which Einstein’s method of investigating electromag-
netic phenomena differs from Lorentz’s, and also Ein-~
stein’s relationship to the conventionalist method of
Poincaré. We shall also consider the part played by ex-
periments in Einstein’s investigations and how his un-

- derstanding of theory as a unity of the variable param-
eters contained in the theory led Einstein to the formu-
lation and deep interpretation of the theory of relativity
(the special theory) and its consequences.

I believe that this study is necessary, since, despite
the continuing growth in the publication of Einstein stud-
ies, the subject “Einstein and his Method in Science” is
by no means exhausted, and not everything that is pub-

- lished warrants support. But let us turn to the specific
theme.

In his Autobiographical Notes written on the occasion
of his 70th birthday, Einstein discussed the relationship
between experiment and theory. Concerning experiment
he said: “The first criterion is obvious: a theory must
not contradict experimental data”(Ref. 1, p. 266)."

U Tyanslators Note. As far as possible, the original refer-
ences {as well as the Russian translations) are given in the
bibliography, which the reader should consult. Because many
of the quotations from Einstein and other authors are not
readily accessible, I have had to translate the already trans-
lated Russian on numerous occasions.
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means for judging the worth of definite physical theo-
ries. A theory requires “external justification”, and
experiments are the criteria in this justification.

But while valuing experiments highly as the criterion
of “external justification” of a theory, Einstein simul-
taneously noted the subtlety of its use. “The point is
that frequently, if not always, one can preserve a par-
ticular general theoretical foundatioh provided one ad-
apts it to the facts by means of more or less artificial
additional assumptions” (hypotheses).

In these considerations, Einstein clearly reveals the
bold idea that “a given general theoretical foundation”
need not always be retained.

But how important a role did this problem play in the
development of physics, i.e., the problem of whether
one should preserve a general theoretical scheme by
the introduction of more or less artificial hypotheses?
Undoubtedly, it played a part of no smatl importance:
essentially, it was this method that was widely used in
the classical pre-Einstein physics. Since Newton’s
time, physics had a well-known proposition: by virtue
of the law of inertia, a body moves uniformly and rec-
tilinearly; if in a particular case a body moves differ-
ently, this does not mean that the law of inertia has
ceased to operate, but that there is a cause, a force,
deflecting the body from its inherent inertial motion;
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the problem is then to find the force. This method,
which is based on the recognition that the original law
continues to hold, but its action is suppressed by fac-
tors unknown to us and that these factors must be
sought, was characteristic of classical physics. Not
only in mechanics but also in more complicated phe-
nomena such a device was frequently used following the
discovery of new experimental results contradicting ex-
isting ideas: the original idea was itself retained, but
a hypothesis was introduced to eliminate the resulting
contradiction. This was how the. solution to the problem
of theoretical comprehension of nature appeared in
practice—it was the method of subsequent complex-
ification of the theoretical scheme by the introduction of
appropriate new hypotheses.

Einstein himself did not give a concrete example of
how this method was used. But it could hardly be wrong
to assume that he was aware of a historical example
that he had once encountered—the development of the
electrodynamics of moving bodies in the work of physic-
ists at the end of the 19th and the beginning of the 20th
Century, and most especially in the work of Lorentz.
We shall consider this example in more detail, which
also casts light on one of the aspects of the relationship
between theory and experiment which is of great im-
portance both historically and from the point of view of
logic; it will also make it possible to explain more
clearly the essence of Einstein’s own method.

. LORENTZ: HIS METHOD OF INVESTIGATION

Fixed Ether as an Absolule Frame of Reference.
When Lorentz came to physical investigations, the new
and progressive (and by no means recognized by every-
one) theory was Maxwell’s of the electromagnetic field.
Maxwell himself believed that electromagnetic vibra-
tions are particular states of a universal medium, the
ether, and he attempted to explain the particular prop-
erties of this medium, The idea that there should be a
particular medium, the carrier of electromagnetic vi-
brations, undoubtedly arose under the influence of the
successes of hydrodynamics, which had developed bril-
liantly in the studies of physicists and mathematicians
in the first half of the 19th Century: Navier, Cauchy,
Poisson, Ostrogradskif, and others. The existence of
ether was recognized by virtually all physicists. The
only disagreements were about its properties, in par-
ticular the question of whether the ether is fixed or
dragged along by moving bodies. Lorentz adopted the
concept of a fixed ether: it agreed well with the reliably
established phenomenon of aberration of the stars (the
apparent annual displacement of the stars). Aberration
was regarded as a simple consequence of the geometri-
cal composition of two velocities—the “absolute” (i.e.,
with respect to the fixed ether) velocity of the light ar-
riving from the star, and the “absolute” velocity of the
Earth.

The fixed ether and its associated absolute frame of
reference, and also an absolute universal time were
basic to all of Lorentz’s subsequent investigations.
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As long as this scheme was based on optical phenom-
ena, it provided a direct explanation only of phenomena
such as aberration. But things already became more
complicated in the explanation of the Fresnel-Fizeau
experiments, in which the velocity of light in moving
transparent media was measured, These experiments
did not yield a vector addition of the velocities of light

and of the medium and revealed the existence of a
“coefficient of partial dragging of the ether” by the mov-
ing medium, so that the drag velocity had the form ¢
=9(1 - 1/n2%), where v is the velocity of the moving med-
ium, and n is the refractive index of light for this med-
ium. Fresnel’s formula was a source of mystery, and
it was not clear how one could understand “partial drag-
ging”; nor did the appearance of the refractive index of
the medium in the formula receive a satisfactory ex-
planation. Only the development of Maxwellian electro-
dynamics and its further development by Lorentz made
it possible to overcome the difficulties.

After the discovery of elementary charges, it was na-
tural to regard them as the sources of elementary elec-
tromagnetic fields. Lorentz associated these fields
with Maxwell’s macroscopic electromagnetic field.
Lorentz regarded the intensity of the macroscopic field
as the result of averaging of the corresponding intensit-
ies of the elementary fields.

This approach enabled Lorentz to associate the field
with the properties of matter, which was a major con-
tribution to the development of electrodynamics.

Lorentz’s theory completely preserved the original
picture—a fixed ether in which electromagnetic fields
were realized. The ether was regarded as an ordinary
dielectric, with the difference that for it the permittiv-
ity £ and the magnetic permeability u took limiting val-
ues equal to unity. According to Lorentz, the fields ex-
cited by the electrons propagate in the same fixed ether,
and their equations have the same form as Maxwell’s
equations for the macroscopic field; they take into ac-
count only the charge, convection current, and polariza-
tion inherent in matter.

On the basis of Lorentz’s electron theory it proved
possible to explain a number of important facts—elec-
tron magneto-optics, chromatic dispersion, magnetic
rotation of the plane of polarization, among others; in
particular, it was possible to explain rationally, from
the point of view of electrodynamics, the mysterious
Fresnel coefficient.

All this strengthened Lorentz’s confidence in the cor-
rectness of his basic position. This position was sub-
jected to test later when the problem arose of creating
the electrodynamics of moving bodies.

The Michelson Experiment. Contraction Hypothesis.
New Difficulties, However, on the path to the success-
ful development of Lorentz’s ideas there stood an ex-
periment of a new type—Michelson’s interferometer ex-
periment. It was expected that this experiment would
reveal an ether wind, which would be a direct confirma-
tion of Lorentz’s original conception; the result of the
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experiment showed that there is no ether wind, It
seemed that Michelson’s experiment refuted the concept
of an absolutely fixed ether. Nevertheless, Lorentz re-
tained this concept; he explained Michelson’s result in
the spirit of his original premise (absolute space and
time, ether at rest). This was made possible by the
adoption of the additional (“contraction”) hypothesis,
which asserts that all bodies are contracted in the di-
rection of motion in the ratio 2 (1 — v?/¢c2)"V2, where v
is the velocity with which the body moves and ¢ is the
velocity of light.

The contraction hypothesig explained the absence of
the ether wind in the Michelson experiment. But it also
led to some physical consequences. The Lorentz con-
traction amounts to an anisotropic change in the linear
dimensions of moving bodies. But the anisotropy in the
body should lead to some electromagnetic phenomena,
for example, birefringence in transparent bodies and
the occurrence of an angular momentum when a charged
capacitor is moved. However, the experiments of Ray-
leigh, Brace, Trouton, and Noble showed that such phe-
nomena are not observed. This situation repeated it-
self: definite experimental resuits were expected but
they did not materialize.

Lorentz now faced an even more complicated problem:
retaining the previous basic assumptions about the abso-
lute frame of reference, and retaining also the contrac-
tion hypothesis, as explanation of the negative result of
the Michelson experiment, he still had to explain why
the electrodynamic phenomena that should occur in mov-
ing bodies as a result of the anisotropy were neverthe-
less not observed.

The Theorem of “Corresponding States”. The Prob-
lem of the Structure of Bodies. The Problem of Time.
To solve the new problem, Lorentz ultimately made a
new assumption: in bodies—at rest absolutely or mov-
ing (with respect to the ether at rest)—there must exist
“corresponding states”, Identical electrodynamic vari-
ables in the equations in corresponding states differ by
the fact that in a body at rest they are referred to a
system at absolute rest (the ether), whereas in a mov-
ing body they take a “local” value. But the connection
between the variables in the moving body must remain
the same as between the absolute values of the vari-
ables; in other words, the field equations for corres-
pounding states must be invariant. Only this requirement
has the consequence that measurements on a body that

-is in motion and changes its linear dimensions aniso-
tropically give the same result as on a body at rest,
i.e., no new electrodynamic phenomena are observed.

It would be natural to find the connection between the
variables in a moving body and the absolute variables,
i.e., find the “transformation formulas”. But Maxwell’s
equations contain the partial derivatives of the field in-
tensities (E,H) with respect to not only the coordinates
but also the time. This formal circumstance requires
a transformation of the time as well, without which it is
impossible to achieve invariance of the form of the
equations of corresponding states in two systems.
Lorentz called the transformed time ¢’ in the moving
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system the “local” time (Ortzeit).?

Thus, in his searches for explanatory hypotheses,
Lorentz ultimately arrived at the idea of corresponding
states. Considering this idea retrospectively, it seems
to us that Lorentz here came closest to the concept of a
relativistic physics.

However, Lorentz assumed that the idea of corres-
ponding states was merely a tA#orem, the validity of
which still needed to be proved; From Lorentz’s point
of view, this meant it was necessary to show that in the
changed configuration of the moving body there is estab-
lished an equilibrium of all the existing forces known
from classical physics. The entire energy of the scien-
tist was directed toward this. But in following up this
approach, Lorentz encountered insuperable difficulties.
First, to solve such a problem, it would be necessary
to know the structure of the body in detail, the nature of
all the forces acting in it, and the laws of their interac-
tion; however, concerning the structure of the electron
one could only make hypotheses; even now' it remains a
subject of investigation. Second, the situation was’
complicated by a new concept—the “local” time; its in-
troduction was inescapable, sin¢e otherwise the whole
idea of corresponding states would have been vitiated; "
but to find a connection between the time and the change
in the configuration of a body was impossible, since in
classical physics the time was regarded as a variable
that does not depend on any physical conditions, i.e., it
was assumed to be universal and absolute. 'Therefore,
Lorentz regarded # as a purely ancillary “mathematic-
al” quantity and always admitted that he did not give
significance to this variable, which played “only” the
role which enabled it to formulate an invariant expres-
sion for the field equations on the transition from one
corresponding state to another. Thus, in 1915, Lorentz

2In the paper of 1904, Lorentz formulated the “theorem of
corresponding states” as follows (without naming it): “Sup-
pose that in a system without translational motion there
arises a state of motion for which at a definite position the
components of the vectors p, d, and h are definite functions
of the time; then in the same system, after it has been set
in motion (and, therefore, has been deformed) there arises
a state of motion in which at the corresponding place the
components of the vectors p’, &, and b’ are the same func~
tions of the local time” (see Ref. 2). The theorem is named
by Lorentz in the book of Ref. 3, in which it is repeated al-
most literally (see Ch. V, §§162, 174, 175).

DAt that time, not a few contradictory hypotheses were put
forward concerning the structure of electrons; in the light of
our present knowledge, their naivety seems obvious., Lor-
entz clearly recognized the shaky nature of these hypotheses;
in lectures on the theory of electrons (1906) published in 1909
and 1915, he expressed himself as follows; “. . .in my opin-
ion, it would be entirely justified to maintain the hypothesis
of deformed electrons if in this way we really could make
progress in understanding the phenomena. In theoretical
considerations about the structure of these tiny particles we
must not forget that there may be many possibilities of a
kind that we cannot now imagine; it is very probable that
there are other internal forces serving to give the system
stability; finally, it is possible that we are on an entirely
wrong track when we attempt to apply to individual parts of
an electron our ordinary concept of a force” (Ref. 3, p. 312).
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noted that he had not succeeded in achieving such sim-
plicity in the theory of electromagnetic phenomena as
had Einstein, and he wrote: “The main cause of my
failure was that I always adhered to the idea that only
the variable ¢ can be taken as the true time and that my
local time ¢’ must be regarded as no more than an ancil-
lary mathematical quantity” (Ref. 3, note 72). Lorentz
never retracted this admission. About a year before his
death, at the conference at Mount Wilson in 1927, he
stated*:

“A transformation of the time was also necessary. So
I introduced the concept of a local time which is differ-
ent for different systems of reference which are in mo-
tion relative to each other. But I never thought that this
had anything to do with the real time. This real time
for me was still represented by the old classical notion
of an absolute time, which is independent of any refer-
ence to special frames of reference. There existed for
me only this one true time. I considered my time
transformation only as a heuristic working hypothesis.”
(Ref. 13, note 72).

Lorentz on the Authorship of the Theory of Relativity.
All this indicates that Lorentz never identified his
“theorem of corresponding states” with the relativity
principle, but merely regarded it in the spirit of his
method as a “heuristic working hypothesis”, But the
adoption of this hypothesis led to an insuperable contra-
diction with the original concept of absolute space and
time, to which Lorentz adhered to the end of his life.
And it is not fortuitous that he accorded Einstein the
authorship of the theory of relativity, which remained
foreign to him in spirit.

Let us quote Max Born, who was an assistant of Lor-
entz during his lectures at Gottingen in 1910 and had the
possibility of discussion with him. Born asserted:
“Lorentz himself never claimed the authorship for the
discovery of the relativity principle”., Born also notes
that in the lectures published by him” Lorentz speaks of
“Einstein’s principle of relativity”. This is quite suf-
ficient,” concluded Born, “to show that Lorentz himself
regarded Einstein’s principle of relativity as funda-
mental. Cn the same page, and also in subsequent sec-
tions there are other commments which demonstrate
Lorentz’s reluctance to abandon the idea of absolute
space and time. When I visited Lorentz a few years be-
fore his death, he still maintained a sceptical attitude
toward the principle of relativity” (Ref. 8, p. 320, 321).

But there is also the evidence of Lorentz himself: the
statement which Lorentz made at the conference at
Mount Wilson in 1927 and is given above ends with the
words: “Thus, the theory of velativity is in fact the
work of Einstein alone”. This is not simply the modesty
of a great scientist, as it is sometimes interpreted;
here there are deeper reasons. One gets the impres-
sion that Lorentz not only disclaimed the authorship but
also did not wish to have the theory of relativity associ-
ated with his name. :

Conclusions. Characteristic Features of the Method
of “Accumulation of Hypotheses”. The method of pre-
serving theoretical premises by the introduction of
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more and more new hypotheses (the method of “accumu-
lation of hypotheses”) has the following characteristic
features.

At some historical stage, basic theoretical concepts
are formed about an investigated object or about a def-
inite group of phenomena. These concepts are not cre-
ated in a void; they are based on certain experience ob-
tained at this stage of recognition of the phenomenon.

In the subsequent development of the science, these the-
oretical concepts become unshakeable, and are de-
fended as being justified by experience.

However, the class of experiments on which these
concepts were based was of necessity restricted. It is
natural that it did not include new classes of experi-
ments carried out in the process of further study. The
results of the new experiments are taken as being inde-~
pendent, and are examined in the light of the original
system of concepts. As a consequence, the new know-
ledge is simply added to the already accumulated know-
ledge. If the result of the new experiment contradicts
the original theoretical concepts, there is nothing the
investigator can do but create hypotheses whose task is
to preserve the original system of concepts but elimin-
ate the contradictions and explain their features by an
as yet unrecognized structure and explain why the pre-
viously formulated laws still operate but are not mani-
fested.

At the gnosiological level, it is important to empha-
size that this method of preserving the original concepts
of the theory regards the process of acquiring knowledge
as an additive process, i.e., as the simple summation
of individual results. This understanding of the process
of acquisition of knowledge never leads to a concept of
the object studied as an integral unity of all its interact-
ing aspects and does not lead to a qualitatively new level
of understanding of the object. Theoretical objections to
the interpretation of the process of acquiring knowledge
as an additive process were already advanced by Hegel,
and Lenin'® supported and developed these objections.”
Modern science is coming more and more to the conclu-
sion that it is necessary to grasp an object conceptually
in its entirety.

It is not fortuitous that Lorentz, who approached close
to the new concept of physical relativity through the idea
of corresponding states, but without recognizing the
need and justification for this concept, could not com-
prehend the idea of the equal validity of all times
tt',t", ... in different inertial systems K,K',K”,...;
more precisely, he could not comprehend the idea that
for any inertial system there exists an intrinsic basis
of space-time variables x,y,z,t, x',y',2',t', ..., which
transform together as a collection, and that none of
these bases is distinguished by nature from the others.

From the gnosiological point of view, any of these
variables is on an equal footing with all the others, and
it is therefore inconsistent to regard the time in any
particular inertial frame as an “auxiliary mathematical

Y This question is discussed in more detail in the author’s pa-
per Ref. 11 (pp. 567, 568).
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quantity” but the coordinates as real.

As we shall see below, Einstein solved the problem of
the electrodynamics of moving bodies in ways that dif-
fered from Lorentz’s.

Il. EINSTEIN: THE CREATION OF THE THEORY
OF RELATIVITY

Maxwell’s Electrodynamics—the Basic Premise. In
the investigations that led Einstein to the theory of rel-
ativity, Einstein took as basis Maxwell’s electrodyna-
mics, to which he gave the correct interpretation, this
differing from the one generally adopted, Maxwell’s
electrodynamics occupied a particular position in phys-
ics, and it is here appropriate to recall its main fea-
tures and some of the stages through which it passed
before reaching its final establishment.

As we have already said, a very important circum-
stance was the fact that Maxwell’s electrodynamics was
formulated for vacuum in the form of a system of equa-
tions connecting the partial derivatives of the field in-
tensities E and H with respect to the coordinates and the
time; this mathematical form expresses the fact that all
the variables occurring in the system of equations are
intercomnected and it is only in this interconnection that
the integral nature of the physical process is reflected.
In the following conclusions, this is decisive.

Formulated initially as a theory describing the inter-
connection of electric and magnetic phenomena which
had previously been investigated thoroughly by Faraday,
Maxwell’s theory in a brief period underwent a huge
generalization beyond the narrow field of electromag-
netism and penetrated deeply into technology.

Above all, it also encompassed optical phenomena, a
“gerious justification®? for which was the fact that the
constant in the system of electrodynamic equations that
characterizes the ratio of electrostatic units to electro-
magnetic units has the dimensions of a velocity, the
magnitude of this velocity agreeing, to within the error
of the measurements, with the velocity of light. The es-
tablishment of the unit of electromagnetic and optical
phenomena vastly increased the manifold of experiments
in the region of optics and improved their accuracy.
The most important consequence of the Maxwellian sys-
tem of equations was the phenomenon of the propagation
of electromagnetic waves, which was already predicted
by Maxwell. The wave propagation was confirmed ex-
perimentally by Heinrich Hertz; later, it became the

" basis of radio communication.

The later generalization of Maxwell’s electrodynamics
by Lorentz related the properties of the field to the
properties of matter carrying charge. Like Maxwell’s
system of equations, the Maxwell-Lorentz equations
did not contain any velocities of the bodies, and for cer-
tain values of the characteristic parameters the system
of Maxwell-Lorentz equations for the vacuum were
transformed into the system of Maxwell’s equations.
The successes of Lorentz’s electron theory, which en-
compassed electromagnetic phenomena in all material
media, were naturally presented as a confirmation of
Maxwell’s electromagnetic theory.
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There were, of course, also attempts to formulate
the equations of electrodynamics for moving bodies.
Following Maxwell’s method, Hertz calculated the ener-
gy flux through a closed contour displaced in the field
with velocity u. According to Hertz, the energy flux
must depend on this velocity, and additional terms ap-
peared in his equations. For u=0, Hertz’s equations
were transformed into Maxwell’s equations, but for
vacuum they did not coincide with Maxwell’s equations.
Thus, Hertz created a new electrodynamics. However,
it was in contradiction with not only optical experiments
but also the results of new electromagnetic investiga-
tions,

Because of this, Hertz’s theory fell by the wayside.
So did the method of deriving electromagnetic equations
based on the assumption that there is a change in the
flux through a closed surface resulting from the dis-
placement of a body from one region to another; and so
did attempts to solve the problem of the electrodyna-
mics of moving bodies by changing the form of Max-
well’s equations for the limiting case of vacuum.

In the last quarter of the 19th Century and at the be-
ginning of the 20th Century numerous investigations
were made into different electromagnetic phenomena -
(the experiments of Réntgen, Rowland, Wilson, Eichen-
wald, Trouton, Noble, and others). Maxwell-Lorentz
electrodynamics was repeatedly confirmed. This result
was highly regarded by Einstein. Considering later his
historical role, he emphasized the importance of the
achievements of the theory in the theoretical description
of experiments in the field of electrodynamics and op-
tics, which led to the conclusion that “the bases of this
theory must be recognized to be as firmly established
as, for example, the equations of classical mechanics.
Nor can one take any other theory that could lo any de-
gree rival this theory” (Ref. 13, p. 386; our italics).

At the beginning of the 20th Century, macroscopic
Maxwell-Lorentz electrodynamics was to be regarded
as a theory adequate to describe nature and a step in the
acquisition of knowledge by man; it was a point of de-
parture, one of the premises for the subsequent deep-
ening of knowledge.

Einstein: New Evaluation of the “Unsuccessful At~
tempis” to Detect Absolute Motion. Already in the first
paper in 1905 Einstein emphasized that a consistent
electrodynamics of moving bodies can be “based on
Maxwell’s theory for stationary bodies” (Ref. 13, p. 8
of the Russian translation). He frequently asserted that
“the special theory of relativity arose from Maxwell’s
equations of the electromagnetic field” (Ref. 14, p. 416
of the Russian translation, see also Ref. 13, p. 551 of
the Russian translation).

However, Einstein pointed out the need for a correct
interpretation of Maxwell’s theory, this differing from
the usual interpretation. He begins the fundamental pa-
per of 1905 with the words: “Das die Elektrodynamik
Maxwells—wie dieselbe gegenwirtig aufgefasst zu
werden pflegt—in ihrer Anwendung auf bewegte Korper
zu Asymmetrien fiihrt, welche den Phinomenen nicht
anzuhaften scheinen, ist bekannt”, (“It is known that
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Maxwell’s electrodynamics—as usually understood at
the present time—when applied to moving bodies, leads
to asymmetries which do not appear to be inherent in
the phenomena.”)®

What does Einstein mean when he speaks of an inter-
pretation of electrodynamics that leads to asymmetries
which are not inherent in the phenomena?

He refers to the widespread explanation for the ap-
pearance of a current in a closed conductor interacting
with a magnet: usually one explantion is given when the
“magnet moves”, and another when the “conductor
moves”. Einstein notes the fundamental significance of
a simple observation: in both cases, the result— the
force and the direction of the current—is found to be the
same if the relative motion of the conductor and the
magnet is the same; we are not confronted by two
cases, but one.

This simple fact, confirmed daily in electrotechno-
logy, is coupled by Einstein with the “unsuccessful at-
tempts” (die misslungenen Versuche) to detect a motion
of the Earth with respect to the “light medium®”, which
were widely discussed among physicists; although Ein-
stein does not name these attempts, it is clear that they
can be assumed to include the Michelson experiment,
though not only that experiment but also a number of the
other numerous electromagnetic experiments in which,
contrary to expectation, no manifestation was found of
either a direct influence of “ether wind” or of a distin-
guished part played by a unique absolute system in
which absolute motion is supposed to be realized.

The first and most important service rendered by
Einstein to science is that, shaking off the shackles of
widely accepted concepts, he examined the failure of all
these attempts from new positions; he found that they
were not only valid but also sufficient to formulate the
most important propositions from which one must depart
inthe construction of a “consistent theory of the electro-
dynamics of moving bodies’”, We are speaking of two prin-
ciples— the principle of relativity and the principle of
the constancy of the velocity of light in vacuum.

Einstein on Principles as a Result of the Generaliza-
tion of Experimental Facts. Before we consider Ein-
stein’s two principles, it is necessary to say what he
understood by principles, and to what he attributed their
origin,

9 In the Russian collection of Einstein’s scientific works (So-
branie Nauchnykh Trudov), this important passage is inac-
curately rendered: instead of the part italicized, the trans«
lation speaks of Maxwell’s electrodynamics “in its present
form” (Ref. 13, p. 7). Because of this translation, the subse-
quent text can be taken as a rebuke addressed at Maxwell’s
theory. But in the original Einstein speaks of the interpreta-
tion of Maxwell’s electrodynamics. Einstein did not assume
that Maxwell’s electrodynamics could lead to a contradiction
with phenomena and did not aim to change its form; rather,
he sought the condition of its invariance. [Translator’s Note.
The English translation of the passage in The Principle of
Relativity (Dover publications), which is the one given in the
text, does not suffer from this flaw.]
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We recall Lorentz’s scepticism with regard to the
principle of relativity; noting the major difference be-
tween his solution to the problem of the electrodynamics
of moving bodies and Einstein’s, Lorentz wrote with a
certain irony: “...Einstein simply postulates what we,
with some difficulties and not always completely satis-
factorily, attempted to derive from the basic equations
of the electromagnetic field. Of course, he requires of
us that we believe in advance that the negative result of
experiments such as those of Michelson, Rayleigh, and
Brace is not the fortuitous compensation of opposite ef-
fects but the expression of a general and basic prin-
ciple” (Ref. 3, p. 333 of the Russian translation; our
italics)®

However, by principles Einstein did not mean a priori
rationalistic arguments whose truth must be “believed
in advance”; on the contrary, he saw in them ¢ke result
of a generalization from the complete set of known ex~
perimental facts, a generalization without which it is
impossible to draw any theoretical conclusions.

It was to this problem of generalizing a body of ex-
perience, as a method of theoretical physics, that Ein-
stein devoted his inaugural speech on his election to the
Prussian Academy of Sciences in 1914, He asserted
that a single experiment says nothing to the theoretic-
ian; the investigator must “draw out from nature clear-
ly formulated general principles, which veflect definile
general features of a huge body of expevimentally es-
tablished facts. If such a formulation has succeeded,
one can then embark on developing the consequences,
which frequently give unexpected relationships that lead
far beyond the domain of the facts from which the prin-
ciples were obtained. Until principles capable of serv-
ing as the basis for deduction have beeen found, indi-
vidual experimental facts are useless to the theoretic-
ian, since he is not capable of undertaking anything with
separate empirically established general features (Ref.
1, pp. 14-15, our italics).

This remark, which is directed against empiricism,
is very characteristic of Einstein’s method. It was this
method that he used to analyze the contemporary situa-
tion in the electrodynamics of moving bodies. He pond-
ered the fact that in numerous and varied experiments,
at all levels of accuracy with which they were per-
formed, it always proved impossible to detect the influ-
ence of the relative motion of the Earth; could one at-
tempt to preserve the existing theory by the introduction
of a priori improbable hypotheses? Are we not looking
for something that does not exist? Later, he formu-
lated this thought as follows: “Can one really think that,
through a curious chance, the laws of nature are mani-
fested to us in such a peculiar manner that none of them
make it possible to study the rapid motion of our planet
through the ether? Would it not be more justified to as-
sume that we have been led into a blind alley by an in-
correct argument?” (Ref. 13, p. 143 of the Russian

6 1n the text there follows an attempt “to say something in fa-
vor of and about the method” by which Lorentz himself “at-
tempted to present his theory”. Lorentz’s lectures were pub-
lished in 1909.
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translation). Numerous facts led to a generalization:
nature is such that inertial (or almost inertial) motion
does not have an influence on physical processes., This
was the step to the principle of relativity.

Poincaré: the Principle of Relativity as the Impossi-
bility of Establishing Absolute Motion. In the period
when the problem of the electrodynamics of moving bod-
ies became acute, the role and essence of the principle
of relativity had been discussed among physicists fairly
widely. Prior to Einstein, this principle had been ac-
corded greatest significance by Poincare, who some au-
thors regard as one of the creators of the foundations of
relativity theory, since among the foundations the prin-
ciple of relativity is undoubtedly the most important.

Poincare saw the main significance of this principle in
eliminating any procedure for measuring the absolute
properties of motion. According to Poincare, neither
experience nor intuition provides a basis for measuring
absolute intervals of time, an absolute simultaneity
common to events at different places, absolute velocit-
ies, and so forth. In some cases, Poincare simply de-
clares relativity: “1. Absolute space does not exist,
we know only relative motion... . 2. Absolute time
does not exist. The assertion that two intervals of time
are equal is in itself meaningless and can only be un-
derstood conventionally,” thus wrote Poincare in 1902
in his book Science and Hypothesis.” This book also
contains a second formulation: “The motion of every
system must satisfy the same laws irrespectively of
whether we refer its laws to fixed axes or to axes mov-
ing rectilinearly and uniformly. This, the principle of
relativity of motion, is essential to us for two reasons:
first, it is confirmed by the most commonplace experi-
ence, and, second, the contrary supposition is incon-
ceivable” (Ref. 6, pp. 23—-24). However, the following
arguments show that the conclusions which Poincare’
drew from this formulation go no further than examples
from classical mechanics and the conclusion that on the
basis of the principle of relativity, it is “more conven-
ient to assume that the Earth rotates, because then the
laws of mechanics can be expressed in the simplest
language” (Ref. 6, p. 26).

In his well-known lecture at St. Louis, delivered in
September 1904, after Lorentz’s fundamental paper had
already been published (May 1904), Poincare gave the
most expanded formulation of the principle of relativity:
according to this principle, “the laws of physical pheno-
mena must be the same for a stationary observer and

" for an observer in a state of uniform translational mo-
tion, so that we do not have and cannot have any method
of establishing whether we are in such a state of motion
or not” (Ref. 6, p. 30; our italics).

We see here that Poincare extended the formulation of
the principle of relativity, noting that it includes the re-
quirement that the laws of physical phenomena be the
same for stationary and inertially moving observers.
However, as before, he sees the significance of the

D Quoted in the collection of Russian translations Ref. 6 (p. 23).
The pagination in the following text is from this publication.
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principle only in the fact that, by virtue of it, there
exists no way of distinguishing a state of absolute rest
from inertial motion; indeed, this is indicated in the
second part of the assertion.

That Poincare saw here the essence of the principle
of relativity is confirmed by the fact that he saw the
main significance of Lorentz’s investigation (the paper
of 1904) in Lorentz’s finding, willy-nilly, physical
arguments why even in the extremely accurate Michel-
son experiment absolute motion was not detected (al-
though from Lorentz’s point of view it does exist). In
that period of shattering of ideas about physical laws,
many physicists spoke of the arrival of an epoch of
crises of principles and that the new electrodynamic ex-
periments would also “breach” the principle of relativ-
ity. In such a situation, Poincare regarded as very im-
portant the appearance of a theory which could be re-
garded as a confirmation of his idea that there exists no
way of determining whether an observer is in a state of
absolute rest or in inertial motion. This was achieved
by Lorentz’s theory. True, Poincare régrets that Lor-
entz could master his difficult task only by “heaping up
hypotheses”. Among them the “most ingenious was the
idea of a local time”, a time in a moving system. ]
Poincare’ points out how one must regulate clocks in this
system. “Clocks regulated in this manner will not show
the true time. They indicate the so-called local time.
Some of them go slow. This does not have great signif-
icance, since we do not have means to note this, All
phenomena that take place at, for example, point A will
be retarded, but they will still remain exactly the same
and an observer will not note this, since his clocks are
slow. Thus, as is required by the principle of velativ-
ity, the observer will have no possibility of discovering
whether he is in a state of rest or absolute motion (Ref.
6, p. 34; our italics in the two last assertions). “Un-
fortunately,” continues Poincare, “this principle alone
is insufficient, and additional hypotheses are re-
quired”—he is speaking here of the contraction hypo-
thesis. And that in its turn requires the new “hypo-
thesis concerning forces’: all forces, irrespective of
their nature, are reduced, and, since they are “reduced
in equal proportion, we do not have anything”. “Thus,”
concludes Poincare, “in recent time the principle of
relativity has been steadfastly defended, bu the very
energy of this defense shows how serious was the at-
tack” (Ref. 6, p. 35).

In his paper ‘On the dynamics of the electrons” (1906)
Poincare’ calls the postulate of relativity “the impossi-
bility of demonstrating experimentally the absolute mo-

. tion of the Earth”, and says that this impossibility “is

evidently a general law of nature” (Ref. 6, p. 118). In
this paper, Poincare considers the extent to which Lor-
entz’s theory presented in the 1904 paper corresponds
to this law, Summarizing how this theory analyzes the
electromagnetic picture of phenomena, Poincare wrote:
“Thus, Lorentz’s theory completely explains the impos-
sibility of demonstrating experimentally the presence of
absolute motion in the case when all forces are of elec-
tromagnetic origin. However, there exists forces that
cannot be ascribed to an electromagnetic origin such as,
for example, the gravitational force... . Therefore,
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Lorentz was forced to augment his hypothesis by the as-
sumption that forces of any origin, in particular the
gravitational force, behave in the case of translational
motion (...) in exactly the same way as electromag-
netic forces” (Ref. 6, p. 152).

Poincare grants that the impossibility of detecting ab-
solute motion can be justified in different ways (i.e.,
the principle of relativity can be justified in different
ways). One could improve Lorentz’s theory, simplify
it, investigate its deeper consequences, etc.; it was to
this that Poincare, who had completely mastered the
mathematical knowledge of his time, strived; Poincare
regarded this as useful irrespective of the subsequent
fate of Lorentz’s theory, since he. assumed that no the-
ory disappears without trace in the subsequent develop-
ment of science. But Poincaré did not rule out the pos-
stbility of replacing Lorentz’s system of hypotheses by
a different system of hypotheses, which would be simp-
ler or more natural; one such hypothesis he attempted
to outline in the St. Louis lecture. This hypothesis,
which, of course, was not developed in detail, was
based on the assumption that “the ether is modified
when it moves relative to a material medium embedded
in it: in the changed state, it no longer transmits dis-
turbances in all directions with equal velocity”, If the
disturbances are transmitted in the direction of motion
of the medium more rapidly than in the transverse di-
rection, then “one could get by without such an unusual
contraction of bodies” (as was assumed in Lorentz’s
hypothesis). This hypothesis would probably require
the introduction of some additional hypotheses, but they
could be simpler. Poincare makes the reservation: “I
give this only as an example, since the modifications
that one could try undoubtedly admit infinitely many
variations” (Ref. 6, p. 40, our italics).

It follows from this that Poincare saw the main prob-
lem confronting physicists in the electrodynamics of
moving bodies in the creation of a theory that would
demonstrate the nonexistence of means of establishing
absolute motion and absolute time: one could construct
a set of variants of physical hypotheses and apply them
in different inertial systems but the investigator must
come to the conclusion that absolute motion is not re-
vealed in any system, since the physical theories in
them do not differ in their form.

This conclusion is the finael aim of Poincare’s investi-
gations. With regard to the various basic hypotheses
(contraction of a body in motion, anisotropic modifica-
tion of the ether, or some other idea), these are merely
conventionally chosen “rules of the game”, and the
simpler they are, the better: the important thing is that
all rules lead to the same result—the postulate of rela-
tivity, the essence of which Poincare sees in our having
no means for establishing absolute motion, a fact which
is confirmed “by the most commonplace experience”
and the observation that “the contrary supposition is in-
conceivable” (Ref. 6, pp. 23-24).

Einstein: the Principle of Relativity as a Law of Na-
ture, the Point of Departure for Subsequent Knowledge.
Einstein did not assume that the principle of relativity
follows “from the most commonplace experience” nor
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that the concept of absolute motion “is inconceivable”.
In contrast, he regarded the principle as a generaliza-
tion of scientific experience and frequently referred to
this. Thus, defending the theory of relativity from the
attacks of “two distinguished specialists”, Einstein
wrote in 1914: “...from the experimental point of view
it is hard to doubt that the principle of relativity does
not hold. Indeed, if it did not, the natural phenomena in
a coordinate system at rest relative to the Earth would
be influenced by the annual motion of the Earth around
the Sun: as a result of this motion, physical aniso-
tropies should be manifested in terrestrial labora-
tories. However, despite the most strenuous exertions,
physicists have never observed such an anisotropy.
Therefore, the principle of relativity is as old as mech-
anics and it is hardly possible for anyone fo doubt it
from the point of view of experviment”’ (Ref. 13, p. 386
of the Russian translation; our italics).

In the absence of physical anistropy accompanying the
annual motion of the Earth, Einstein saw the most im-
portant argument for the existence in nature of the rel-
ativity effect. He also advanced this argument in his
well-known talk at the session of the Society of Natural
Scientists at Zurich in 1911 (Ref. 13, p. 179 of the Rus-
sian original).

In accordance with his understanding of the origin of
principles as “reflecting definite general features of a
vast body of experimentally established facts”, he re-
garded the princple of relativity as experimentally just-
ified to that extent.

W hat did Einstein see as the essence of this prin-
ciple? Already in the first paper of 1905 he clearly
formulated its significance: ‘“The laws by which the
states of physical systems undergo change are not af-
fected, whether these changes of state be referred to
one or the other of two systems of coordinates in uni-
form translatory motion” (Ref. 6, p. 100, or Ref. 13, p.
10 of the Russian translation).

Similar definitions with slight variations are repeated
in many of the subsequent papers devoted to elucidating
the essence of the theory of relativity.® Einstein ex-
pressed the significance of the principle of relativity
very perspicuously and correctly by pointing out that
two physicists, together with their measuring instru-
ments, in two different inertial systems “discover
identical laws of nature” (Ref. 13, p. 175 of the Russian
translation). We should here add that this opens up the
exceptionally important methodological significance of
the principle of relativity, which enables reasoning
man to go beyond the narrow confines of the system in
which he makes his first acquisition of knowledge.

There is no doubt that the success of Einstein’s first
paper in 1905 was due to the correct understanding of
the essence of the principle of relativity and the physi-
cal conclusions that Einstein drew from this principle.
Whereas Poincare emphasized the negative function of
the principle of relativity (an observer has no means of

85ee, for example, Ref. 13, pp. 69, 144, 145, 152, 175, and
386 of the Russian translation.
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establishing his state of motion), and saw in it a con-
firmation of his philosophical conception, Einstein was
not content simply to state the fact of invariance of the
form of the laws of nature. The main difference in
Einstein’s approach to the evaluation of the principle of
relativity was that ke did not see it as the final result of
knowledge but as the point of departure for subsequent
acquisition of knowledge; the princple made it possible,
from a unified position, to discover the “mechanism”
of numerous physical phenomena, predict new phenom-
ena, and ultimately change and broaden ideas about the
objective world and its connections.

This approach encountered psychological and metho-
dological difficulties, conservatism of thinking, and the
force of tradition.

The Problem of Time. One of the first difficulties in
the way of acceptance of the theory of relativity was the
problem of time. In Newtonian physics, time was re-
garded as something absolute that flows uniformly and
is measured independently of physical processes; it
was a kind of background, foreign to the material pro-
cesses, on which they took place. Through this inde-
pendence, time in classical physics played a particular
part among the other variables and acquired a status of
a certain substantially .

However, the situation changed when, through the sol-
ution of the problems of the electrodynamics of moving
bodies, it was found that the system of Maxwell’s equa-
tions preserves its form, expressing the connection be-
tween partial derivatives of variables of the same na-
ture but expressed in terms of different inertial frames.

We have already seen that this caused Lorentz to in-
troduce the concept of a “local time”, which was re-
garded as an “ancillary mathematical quantity”, to be
contrasted with the “true’” time. Many physicists
adopted an unbelieving attitude to the new views because
of the appearance of the different measures of time, and
this led to difficulties in acceptance of the new concept.

But for Einstein this difficulty did not exist. The prin-~
ciple of relativity, experimentally confirmed, states
that the frames of reference K and K’ do not differ
physically but are on an equal footing, and that, with al-
lowance for the opposite sign of the relative velocity,
the transition from K to K’ is equivalent to the opposite
transition from K' to K. This means that variable pa-
rameters of the same kind play an identical part in the

_ theory formulated in the system K as in its invariant
form in the system K’. In particular, this also applies
to the variable parameter “time”. ’

The fact that the interconnection of the partial deriva-
tives is rigidly fixed in Maxwell’s electrodynamics by a
system of equations means that none of the variable pa-
ramelters has an independent law of variation or a law
of change determined outside the given integral system
(theory), in contrast to Newton’s conception with regard
to time (and also space). It is only this circumstance
that ensures the fulfillment of the principle of relativity
in its deeper, Einsteinian interpretation.

The understanding of this part played by the intercon-
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nection of categories appeared in such an explicit form
in physics for the first time.” It enabled Einstein to
overcome the difficulties associated with the classical
interpretation of time. The substantial interpretation,
in which time was regarded as something independent

of physical processes, as universal, unique, and uni-
formly flowing, was supplanted by the relational inter-
pretation of time, according to which time is essentially
related to physical processes and, ultimately, to the
laws of nature.'® In this interpretation, as Einstein as-
serted, “spatial and temporal data do not have a fictiti-
ous but a physically real meaning” (Ref, 14, p, 24 of
the Russian translation).

This interpretation is close to the concept of time as
a form of existence of matter, and it leaves possibilit-
ies for subsequent deepening of the concept of time,
which is essential in the further development of our
knowledge of nature when the transition is made to the
cosmic and subatomic worlds,'"

Tke Velocity of Light. Another difficulty that arose in
the breakdown of the old concepts was that of the con-
stancy of the velocity of light in different inertial sys-
tems.,

In discussions in the literature devoted to the history
of the theory of relativity it has been argued that at that
time the hypothesis of the constancy of the velocity of
light had not yet been experimentally confirmed, and
that even Einstein, who made this into a basic principle
in the 1905 paper, subsequently, in discussing the pro-
cedure for synchronizing clocks, adopted the equality of
the velocity of light “there” and “back” only as a con-
vention. Many physicists could not comprehend how the
velocity of light could remain the same in two inertial
frames moving relative to each other with velocity v;
for the velocities are added in accordance with the law
of composition of vectors, and the result of composition
must depend on the relative velocity.

Even after the first recognition of Einstein’s work not
a few doubts were expressed with regard to the validity

D Implicitly, this interconnection is of course already contained
in Maxwell’s equations; geometers had arrived at this idea
earlier (see below).

19We use the expressions “substantial time” and “relational
time” as understood in Soviet philosophical literature (see,
for example, Ref, 16),

0, our age, now that group theory has been developed and
made more profound, one can formulate the idea that all var-
iable parameters, including the time, are on an equal footing
by using the fact that the Lorentz transformations form a
group. The actual fact of the group nature of the transforma.
tions was already established by Einstein in his first paper in
1905 (Ref. 13, p. 21 of the Russian translation).

Poincaré devoted a special section to it (Ref. 6, p. 133) and
used it to consider the conditions that gravitational forces
must satisfy if, in accordance with Lorentz’s hypothesis (see
above), they behave in the case of translational motion in ex-
actly the same way as electromagnetic forces. Only later did
physicists recognize that this fact can be regarded as the
mathematical form of expression of the fact that the variable
parameters in different inertial frames are on an equal foot-

ing.

S. G. Suvorov 536




of the proposition about the constancy of the velocity of
light.1®

It must however be recognized that the hypothesis of
the constancy of the velocity of light in different inertial
frames was fully justified in Einstein’s conception and
justified to the same extent as the system of equations
of Maxwell’s electrodyramics and the principle of rela-
tivity—experimentally.

Indeed, the velocity of light occurs in the equations of
electrodynamics as a constant. According to Einstein,
the princple of relativity asserts that the laws of nature,
in this case the electrodynamic laws, have identical
form in all inertial frames: this means, as we have
seen above, that in some frame K’ one has the same
connections between the variable parameters despite the
fact that the variables themselves in this new frame are
measured by different scales (E’,H’,x’,y',z’,t); how-
ever, the constant ¢ does not depend on these variable
parameters. If on the transition to a different inertial
frame this quantity were to change, in other words, if
the velocity of light were then to have a different value,
this would be in conflict with the principle of relativity,
the form of the equations of electrodynamics would not
be preserved, and this would contradict the experi-
ments.

Einstein repeatedly emphasized this interconnection
between the principle of the constancy of the velocity of
light and the principle of relativity in its application to
Maxwell’s electrodynamics. “If we wish to retain the
principle of relativity,” wrote Einstein in 1910, “we
must allow the validity of the constancy of the velocity
of light for any system moving without acceleration”
(Ref. 13, p. 146).'® Of course, this entails “the need to
give up the usual law of composition of velocities, or
better, to replace it by a different law” (Ref. 13, p.
146).

Explaining the fallacy of references to the classical
law of composition of velocities as an argument against
the principle of the constancy of the velocity of light,
Einstein pointed out that if the velocity of light ¢ with
respect to a system K were to be added vectorially to
the relative velocity v of the system itself, then “the
laws of propagation of light in the system K’ would dif-
fer from the laws of propagation of light in the system
K, would be tantamount to violation of the principle of rel-
ativity. This would be a terrible conclusion, Butitturns
out that nature does not come to such a conclusion, It
has arisen because of the fact that in our arguments ¢
we have tacitly made assumptions which must be re-
jected if we are to arrive at a consistent and simpler
understanding of things” (Ref. 13, pp. 179-180).

For greater clarity, let us emphasize the following

12payli mentions the papers of Tolman (1910), Kunz (1910),
Comstock (1910), and especially Ritz (1908) (see Ref. 17).

13n fact, already in the second paper published in the'next is-
sue of the Annalen der Physik, Band 18, in the same year
1905, he wrote: “The principle of the constancy of the velo-
city of light used there [in the first paper] is of course con-
tained in Maxwell’s equations” (Ref. 13, p. 36).
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two circumstances. The interpretation developed by
Einstein of the principle of the constancy of velocity of
light in different inertial frames and his views on its
connection to the principle of relativity preclude our re-
garding the two principles as two independent, albeit
compatible principles, as could be concluded from the
first paper of 1905. Second, this constancy of the vel-
ocity of light is valid only for sufficiently small values
of the gravitational potential, i.e., only to the extent to
which the very concept of inertial frames is valid.

Thus, both these difficulties can be resolved; the need
for a transition to a new interpretation of time and the
recognition of the principle of the constancy of the vel-
ocity of light in different inertial frames are justified by
two facts— the validity of Maxwell’s system of electro~
dynamic equations and the invariance of the form of
these equations under Lorentz transformations (the
principle of relativity). And they are in complete agree-
ment with all experimental facts. Therefore, these dif-
ficulties only arose because of the traditional manner of
thinking in classical physics.

Einstein’s Physical Theory. As we have seen, when
Einstein analyzed the problems confronting electrody-
namics at the turn of the century, he found two basic
principles by means of which one could advance further.
The first was that the mathematical form of Maxwell’s
electrodynamics was adequate to describe all the varied
experimental facts. The second principle, to the effect
that the laws of nature exhibit the same form in all in-
ertial frames, was the principle of relativity. This
principle was the result of generalization of numerous
and varied electrodynamic experiments. Einstein saw
the task of the theoretician in not only stating this fact
but in extracting from it positive conclusions that would
lead to a deepening of physical knowledge.

The first and most important conclusion drawn from
this principle is that it is identical to the condition that
interconnections in each inertial frame are expressed
in terms of an intrinsic set of variable parameters of
the same nature (B, H,x,y,z, 5E B’ x’, v, 2", t';...),
measured in this system, and that these interconnec-
tions remain the same in any inertial frame. The next

Step, the establishment of the connection between the

variables measured in different inertial frames, is a
natural one.!¥ It should be noted that the transforma-
tion formulas have an objective meaning. They acquire
great significance in connection with the fact that, be-
cause of the physical conditions, phenomena are ob-
served, not in their proper inertial frame, but in some
other one (for example, the laboratory frame). The
transformation laws make it possible to discover the
laws of phenomena in the proper frame on the basis of-
the situation observed in some other frame.'s

W Ag ig well known, this can be done by different methods.
One of them was indicated by Einstein in the paper on p. 183
in Ref, 13.

15we do not consider here the question of the transport of a
body (or a rod or clock) from one inertial frame to another
with avoidable acceleration; recently, this question has been
considered in a separate paper by Feinberg.18
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Following his own method, Einstein derived from the
transformation formulas (ultimately from the principle
of relativity) numerous consequences—the objective na-
ture of the relativity of length and simultaneity, the
slowing down of time, the conclusion that electric and
magnetic fields are components of a single electromag-
netic field, the transverse Doppler effect, and so forth.
We must not omit to mention the remarkable conclusion
that “the mass of a body is a measure of the energy con-
tained i it” (Ref. 13, p. 38 of the Russian translation).
None of these effects depends on the nature of the acting
forces, which are not considered in any of the premises.
The interconnected consequences are confirmed experi-
mentally.

Thus, Einstein created an integral logical system—
the (special) theory of relativity. It can undergo im-
provements, but one cannot say that the theory of rela-
tivity had all been prepared before Einstein and it only
remained for him to place the stone that crowned the
arch: the entire logical system was systematically de-
veloped by Einstein himself.

Methodological Aspects of Einstein’s mvestigations.
We see that Einstein solved the problem of the electro-
dynamics of moving bodies without attempting to find
the conditions of equilibrium of forces in a moving body,
as Lorentz had done. His deep understanding of the
principle of relativity as a law of nature guaranteeing
invariance of the equations in different inertial frames
made it possible to solve the outstanding problems
without having to resort to an analysis of the structure
of moving bodies or to the unending “heaping up of hy-
potheses” (Poincare). Einstein’s method turned out to
be fruitful.

Further, Einstein did not consider the status of time
without analyzing the part that it played in the confirmed
theory. He was not blinded by the concept suggested by
classical physics of a universal, unified and uniformly
flowing time, nor by the assertion that absolute time
cannot be observed. The important thing was that time
was organically included in an adequate theory (already
in Maxwell’s system of equations) and that, according
to the principle of relativity, it is different for different
inertial systems. Having recognized this connection,
Einstein did not shrink from the most fundamental con-
clusions, even those leading to the shattering of the
classical notions of substantial nature of space and
time. It was this method that ensured the success of

the new physical theory and opened up the next step to
" the general theory of relativity.

This method of evaluating the content of categories in
the light of the part they play in an adequate theory has
a general gnosiological significance. Any theory which
has passed the test of adequacy with regard to objective
reality constitutes an integral whole to which the content
of the categories used in it must conform. This con-
nection of logical categories (and the corresponding as-
pects of objective reality) was justified long ago in the
analysis of problems of political economy, as realized
by Marx and his followers.

The application of this idea in physics played an im-
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portant part in the establishment of the theory of rela-
tivity. For Einstein, it was not a chance episode; it
can be traced in many of his subsequent studies, and we
shall draw attention to it where appropriate. For phys-
ics, this was a new method of theoretical generalization
of the results obtained from the investigation of nature.

It is this method of Einstein that should attract the at-
tention of those who wish to know who created the theory
of relativity and how; they should not get involved in
discussions to which Keswani dévoted entire sections in
his paper of Ref. 5: “Did Einstein know of Poincare’s
work” and what did he extract from Poincare’s book
Science and Hypothesis or “Did Einstein know about .
Lorentz’s paper of 1904” before publication of his paper
in 1905.

Ill. WHAT 1S THE STARTING POINT OF EINSTEIN'S
THEORY?

“Kinematic Part” and the Procedure of Measurement.
Do the ideas about space and time that follow as conse-
quences of the theory of relativity find their reflection
in the practice of direct measurement of variable pa-
rameters? Of course, yes.

Since the theory of relativity established a connection
between space and time and physical processes, it is
clear that this connection must also be taken into ac-
count in the procedure of space-time measurements.

But one may ask how and at what stage is it most ex-
pedient to develop this procedure and whether it should
be represented as a consequence of the logical system
outlined in the preamble or as an independent point of
departure.

It may be assumed that, bearing in mind the need to
overcome the conservatism of the ruling opinions of
physicists, Einstein felt it necessary to show immedi-
ately that definitions of concepts are by no means as
simple as is generally assumed, and that this is re-
vealed already in an analysis of the procedure of mea-
surement.

Whatever the truth may be, Einstein began the “Kine-
matic Part” of the 1905 paper by considering various
procedures by means of which one could measure dif-
ferent physical quantities in both an original (“station-
ary”) system as well as in a system moving inertially
with respect to the first. The most important problem
is that of time. Every judgement in which time plays a
part, Einstein wrote, is a judgement about simultane-
ous events. Simultaneity of events that occur next to
each other can be established directly. But simultaneity
of events at different places A and B cannot be directly
established. Clocks at A and B can only be synchron-
ized indirectly, for example, by means of light signals;
this requires knowledge of the velocity of light, which
is assumed to be equal in both directions between A and
B (assumed by definition, since in this restricted situa-
tion there are no means for measuring the velocity of
light). Using this method of synchronization to define
simultaneity of two events in a moving system, Einstein
finds that “two events which, viewed from one system
of coordinates, are simultaneous, can no longer be

S. G. Suvorov 538




looked upon as simultaneous events when envisaged
from a system which is in motion relatively to that sys-
tem” (Ref. 13, p. 13 of the Russian translation). The
concept of simultaneity is not absolute. No more is the
concept of the length of rods or intervals of time; quite
generally, the numerical values of physical quantities
are related to the system with respect to which the mea-
surement is made.

As a result of his analysis of the measurement pro-
cedure, Einstein arrived at the already mentioned con-
clusion that “to any system of values x, y, z, £, which
completely defines the place and time of an event in the
stationary system, there belongs a system of values
&,n,¢,7, determining that event relatively to the sys-
tem K [i.e., another inertial frame], and our task is
now to find the system of equations connecting these
quantities”.

To do this, Einstein of course used a number of con-
sequences of the principle of relativity (constancy of the
velocity of light, homogeneity of space and time}); ulti-
mately, Einstein showed that the obtained transforma-
tions lead to invariant forms of the equations of a
spherical light wave in two inertial systems (see above)
and, therefore, prove the consistency of the two basic
principles—the principle of relativity and the principle
of the constancy of the velocity of light.

Thus, in the “Kinematic Part” Einstein went in a di-
rection opposite to that which at the start he had defined
as the program for investigating the electrodynamics of
moving bodies.'®

Einstein Commentators—Bridgman and Reichenbach.
The “Kinematic Part” was the stimulus for many phys-
icists and philosophers to interpret in their manner,
and not at all in the spirit of the preamble to Einstein’s
pioneering paper, the essence and origin of the theory
of relativity. We have seen that this part of the paper
begins with the definition of concrete physical proce-
dures relating to the concepts of simultaneity, length,
etc.; in contrast, the principle of relativity and the
principle of the constancy of the velocity of light, which
Einstein had declared in the preamble to be premises of
the theory, are, it is true, used in the derivation of the
transformation formulas but do not appear prominently
and seem to be used rather as ancillary mathematical
devices. This circumstance encouraged the physicists
and philosophers who assumed that any theory begins in
this manner— with the analysis and selection of individ-
ual concepts, the “building bricks” of the theory, and
that one could neglect an analysis of the path laid out by
Einstein in the preamble (and subsequently realized).

Let us consider the positions of some of the commen-
tators whom Einstein felt obliged to answer; his ans-

18)1n the “Electrodynamic Part” measuring procedures are not
considered at all, and it is merely noted that the differentia-
tion of the components of vectors E and H is made with re-
spect to the transformed variables of the coordinates and the
time, and the principle of relativity is used to derive the con-
nection between the field intensities in one inertial frame and
those in another. : :
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wers reveal the views of Einstein himself on the path to
the establishment of the theory of relativity.

The well-known physicist P, Bridgman saw the fruit-
fulness of Einstein’s work in that he first enabled phys-
icists to understand that the meaning of a concept intro-
duced in a theory is disclosed only through a definite
physical operation of measurement; in the concrete
case, he had in mind the concept of simultaneity.
Bridgman assumed that any measuring procedure al-
ways contains all the details necessary to reveal the
meaning of the concept, though their significance is fre-
quently ignored. He asserted that one must make a
careful and ever deeper analysis of all the details of ex-
isting operations of measurement and the hidden as-
sumptions behind them, which could be the key to a new
situation. In Bridgman’s opinion, Einstein made a
“deeply penetrating analysis” of this kind.

Bridgman’s gnosiological conclusion was that a theory
can and must be constructed solely on the basis of pre-
viously formulated concepts, and moreover these con-
cepts must be such as can be associated with some
physical operation; all other concepts must be elimin-
ated. This was the beginning of a gnosiological direc-
tion in physics—operationalism. Bridgman himself re-
garded Einstein as the originator of the operationalistic
ideas; however, Bridgman viewed his paper “Einstein’s
theories and the operational point of view”, dedicated to
Einstein on his 70th birthday, as a reproach to Einstein
for the fact that in formulating the general theory of
relativity he had actually abandoned the method which
he and himself taught physicists in constructing the
special theory of relativity.!”

In the same publication,'® Hans Reichenbach, Profes-
sor at the University of California and the author of
many papers on gnosiological problems of physics, pub-
lished his paper “The philosophical significance of the
theory of relativity.” Reichenbach regards the estab-
lishment of the conventional and defining nature of phys-
ical propositions as the “definitive formulation of the
logical significance of the theory of relativity”. “The
logical basis of the theory of relativity,” writes Reich-
enbach, “is the discovery that many statements, which
were regarded as capable of demonstrable truth or fal-
sity, are mere definitions” (p. 293). Even more pre-
cisely: “... that the simultaneity of events occurring at
distant places is a matter of definition was not known
before Einstein based his special theory of relativity on
this logical discovery” (p. 294; our italics). According
to Reichenbach, definitions are established at will.
Thus, the result of comparing intervals that are separ-
ated from one another is determined by the nature of the
adopted congruence, i.e., the adopted method for com-
paring these intervals: “Another definition would result
if we regarded a rod, once it had been transported to
another location, as twice as long, thrice transported
as three times as long, and so on,” writes Reichenbach
(p. 294), demonstrating by this example that adopted

1 The paper is printed in the well-known collection edited by
Schilpp, published on the occasion of Einstein’s 70th birth-
day.!® The pagination in the text refers to this publication.
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definitions are conventions. Thus, a concrete physical
theory is regarded from the start as the product of con-
vention. From the point of view of conventional defini-
tions, asserts Reichenbach, “...we could let both ob-
servers [ in the system “at rest” and in the moving sys-
tem] employ the same definition, for instance that of
the system “at rest”. Such variations would lead to dif-
ferent transformations; for instance, the last mentioned
definition would lead, not to the Lorentz transformation,
but to the classical transformation from a system at
rest to a moving system” (p. 295). “Definitions are ar-
bitrary,” says Reichenbach, dotting all his {’s,” and it
is a consequence of the definitional character of funda-
mental concepts that with the change of the definitions
various descriptional systems arise” (p. 295).

We see that Bridgman merely interpreted from his
point of view the logical bases of the special theory of
relativity and did not pretend to reconstruct it. Reich-
enbach’s conception goes further, and has a tendency to
justify other formulations of the theory of relativity. If
the logical basis of the theory was the definition of the
procedure for measuring simultaneity of separated
events, and every definition is, according to Reichen~
bach, a matter of convention, this interpretation would
open up possibilities for regarding the theory of relativ-
ity—the one known to all physicists—as only one of the
variants of a conventional theory.

This conception, which makes its own definition of the
logical basis of the theory of relativity, completely ig-
nores the direct indications of Einstein himself to the
experimentally confirmed basic principles, and also the
methods that led him to the construction of the theory of
relativity.

Einstein: the Answer to Reichenbach and Bridgman.
Einstein answered them in the same festschrift in which
their papers were published (translated in Ref. 1, p. 304
ff).

He gives a more detailed answer to Reichenbach, whom
he immediately engages in a hypothetical discussion
with Poincare. The question under consideration is
whether one can define the meaning of concepts, in par-
ticular geometrical concepts, outside a theory and prior
to theory. Poincare regards the choice of geometry as
a matter of convention. Geometry applies, not to real,
but ideal bodies, the concept of which is taken entirely
from our mind (see Ref. 25, A-90,B-83). There is no
geometry that can be either confirmed or refuted.
Reichenbach essentially adopts the same position, with
the only difference that he assumes geometry to be in-
capable to confrontation with experiment until one has
specified a “coordinative congruence”, i.e., until one
has specified a rigid body by means of which the con~
cept of geometrical interval is realized: if the rigid
body is produced, experiment confirms Euclid’s geom-
etry.

Einstein demonstrates the illusory nature of Reichen-
bach’s attempt to adopt Poincare’s position and raise
himself above it; if you accept the conventional nature
of geometry, no specification of a congruence can im-
prove the situation, since a new problem supplants the
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old: can one operate with the concept of a rigid body
and how does one define it? It is with the aim of dem-
onstrating tactfully the proximity of the two positions
that the form of the hypothetical debate between Reich-
enbach and Poincare is chosen.

Thus, we are again confronted with a problem—how
do we define a basic concept before all experiences and
in advance-of theory; previously, we were discussing
simultaneity and the velocity of light, now we are dis-
cussing a geometrical interval, a rigid body, and the
connection between geometry and experience.

In the hypothetical discussion, Poincare answers
Reichenbach that it is impossible to identify a rigid
body, since “empirically given bodies are not absolutely
rigid and, therefore, cannot serve as a realization of
geometrical intervals. Therefore, the theorems of ge-
ometry cannot be verified in practice.” We choose
Euclidean geometry as the most convenient and the sim-
plest. Reichenbach agrees that there are no absolutely
rigid bodies in nature; but could they not be replaced by
ordinary, real bodies, since physics gives us knowledge
how they change with physical conditions (as a result of
heating, magnetization, etc.)? Here too Poincare re-
futes Reichenbach: you have used physical laws, but
their formulation presupposes Euclidean geometry;
hence, you have verified, not geometry, but geometry
in conjunction with physics, “...an examination of ge-
ometry by itself is consequently not thinkable. ...why
should it consequently not be entirely up to me to choose
geometry according to my own convenience (i.e., Eucli-
dean) and to fit the remaining (in the usual sense “phys-
ical”) laws to this choice in such a manner that there
can arise no contradiction of the whole with experi-
ence?” (Ref. 19, p. 677).

Einstein then makes Reichenbach in the debate incap-
able of answering Poincare and he more or less says
that there is something attractive in Poincare’s concep-
tion, but, on the other hand, we have in classical phys-
ics used the concepts of inferval, distance, and rigid
body and there were no complications—why cannot one
proceed further in the same manner?

At this point of the debate, Einstein replaces Poincaré
by a different opponent, a Nonpositivist (Nicht-Positiv-
ist), who also criticizes Reichenbach, but from opposite
positions; in all probability, he expresses Einstein’s
own thought. This interlocutor notes contradictions in
Reichenbach: on the one hand, Reichenbach adheres to
a principle: the expression “has meaning” is identical
to the expression “is verified experimentally”; on the
basis of this he ought to eliminate geometrical concepts
and theorems, since it is recognized that they cannot be
verified experimentally. On the other hand, defending
himself from Poincaré’s criticism, he is forced to re-
fer to the actual situation,. to history; theories did de-
velop, and they were a gain, using concepts such as a
rigid body although in nature there are no absolutely
rigid bodies, and therefore this is possible... . But
here the Nonpositivist traps Reichenbach in a contradic-
tion: what about your basic principle that a concept has
meaning if it is verified experimentally? And the Non-
positivist concludes: “Must you not admit that it is quite
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impossible to give any “meaning” in your understanding
to individual concepts and propositions of a physical
theory, and that meaning can be given only to an inte-
gral system since it renders experimental data “amen-
able to cognition”? Why do the individual concepts (die
Einzelbergriffe) encountered in a theory require special
iustification if they ave needed only in the framework of
the logical structure of the theory, and the theory is
confirmed as a whole (als Ganzes)?” (Ref. 20, p. 503;
our italics).

Einstein expresses the same opinion directly in his
own name in the brief answer to Bridgman, who, as we
have said, required that every concept be associated
with a definite physical operation. “In order to be able
to consider a logical system as physical theory it is not
necessary to demand (ist es nicht notwendig zu ver-
langen) that of its assertions can be independently in-
terpreted and “tested” “operationally’”; de facto this has
never yet been achieved by any theory and can not at all
be achieved. In order to be able to consider a theory as
a physical theory it is only necessary that it implies
empirically testable assertions in general” (Ref. 19, p.
679).1®

Einstein regarded this brief answer to Bridgman as
exhaustive, but he also notes that his comments ad-
dressed to Reichenbach also have a direct bearing on
Bridgman’s paper.

We see that the commentators on Einstein’s methods,
Reichenbach and Bridgman, proceeded from the as-
sumption that in the first place it is necessary to give a
conventional or an operational definition of the concepts
that are to be used in the theory; this requirement uni-
fied the representatives of many directions, although
the question of the method of defining concepts was re-
solved differently.

Einstein radically altered the formulation of the prob-
lem: it is not correct to require justification of the
concepts separately, since they play a part only in a
theory that is confirmed as a whole.

Einstein and the Principle of Observability. We have
seen that there are many different accounts of how the
theory of relativity “began”—with the convention of
equality of the velocity of light in opposite directions,
with a preliminary definition of the concepts, with a
choice of the procedure for measuring simultaneity,

... . And each interpretation of the “beginning” illum-
inates the significance of the theory in its own way. In
the literature, one can also encounter the assertion
that “everything began” with the elimination of absolute
space and time, as unobservable. In this connection, it
is appropriate to recall an episode that brings to light
clearly Einstein’s own attitude of the problem of “how it
began” and his evaluation of the significance of theory
in the process of cognition.

19 or the Russian translation, see Ref, 1, pp. 305, 306; I
have made the translation more precise; the German text in
brackets is rendered in Ref. 1 by the words “neobkhodimo
potrebovat (it is necessary to require)”’, which attributes to
Einstein an opposite meaning incompatible with what follows.

541 Sov. Phys. Usp. 22(7), July 1979

Comparatively recently, in 1968, Heisenberg spoke
at The International Symposium on Problems of Modern
Physics at Trieste about a discussion he had with Ein-
stein in 1926 (Ref. 21). Einstein criticized Heisenberg
for taking as the philosophical basis of the quantum
mechanics which Heisenberg had developed at that time
the principle of eliminating unobservables. To which
Heisenberg responded: but Einstein himself created the
theory of relativity on the basis of the philosophy of
eliminating unobservables “because he also denied ab-
solute [i.e., unobservable] time and introduced time
only for a definite system of coordinates”. Einstein ex-
plained to me, continued Heisenberg, that it was really
the other way around. He said: “Whether you observe
a phenomenon or not depends on the theory that you
adopt. Namely, the theory determines what you can ob-
serve and what you cannot”. Heisenberg admitted:
“This remark was very important for me later, when
together with Bohr I discussed the interpretation of
quantum mechanics... . Einstein had drawn my atten-
tion to the fact that to assert that one should talk only
about observable quantities could even by dangerous.
This is because every reasonable theory, besides di-
rectly observable quantities, must also give the possi-
bility of observing something more indirectly. Mach,
for example, was convinced that the concept of an atom
was adopted only for its convenience, for the sake of
economy of thought, and he did not believe in the reality
of atoms. In our day everyone would say that this is
nonsense; it is perfectly clear that atoms exist.”

It follows from this that the ideas of the theory of rel-
ativity developed not at all in the direction that Einstein
first attempted to free himself from absolute space and
time—because they are not directly observable—but
“really the other way around”, i.e., he proceeded from
the discovery of real laws of nature and concluded that
they left no room for the concepts of absolute space and
time.

Conclusions. We see that the most varied interpreta-
tions of the sources of the theory of relativity have been
put forward over the many decades since the formula-
tion of the theory. Einstein’s objections show that he
defended his conception of the development of theory
outlined in the preamble to the 1905 paper and realized
subsequently. It proceeds from a generalization of the
rich experience in the domain of electrodynamics and
the search for the conditions of consistency of its re-
sults; it does not proceed from conventional or opera-
tional definitions of concepts taken by themselves prior
to the creation of the theory. In particular, although he
did in the “Kinematic Part” give a definition of simul-
taneity of separated events, he did not accord it funda-
mental status in the establishment of the theory. The
definition is a comsequence of an adequate theory of rel-
ativity, just as the elimination of the idea of absolute
space and time is a consequence of the theory.

IV. TWO LINES: POINCARE—EINSTEIN

The studies devoted to the history of the establishment
of the theory of relativity have noted two curious cir-
cumstances associated with the name of Poincare.
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One of them is that Poincare, who in 1906 published a
major investigation “On the dynamics of the electron,”
in which he directly responded to Lorentz’s well-known
paper of 1904, never uttered a word about Einstein’s pa-
pers of 1905 and subsequent ones, in which the complete
theory of relativity was developed and its consequences
demonstrated. How is one to explain the fact that pa-
pers which immediately became the subject of lively
discussion in scientific circles were ignored by a great
scientist who in a number of papers himself defended
relativistic ideas?

The second circumstance is the fact that Poincare—a
brilliant mathematician, the author of a classic on cel-
estial mechanics, on the qualitative analysis of differ-
ential equations, and other deep mathematical prob-
lems—while “coming close to Einstein’s idea” still
“nevertheless did not make the decisive step and left to
Einstein the honor of extracting all the consequences
from the principle of relativity”. This bitter admission
is due to a great physicist and compatriot of Poincare,
Louis de Broglie, who, according to his own account
and still during Poincare’s life “unceasingly read the
volumes of Poincare’s course of mathematical physics
and his publications on the philosopy of science”.?? His
statement was made almost in our time, in 1954, ina
speech to mark the centenary of Poincaré’s birth'®.

How can one explain the unexpected “departure from .
the game” of the active fighter for the idea of relativity
after the appearance of Einstein’s papers?2®

Goldberg explains Poincaré’s silence by the sugges-
tion that Einstein’s theory appeared in Poincaré’s eyes
as insufficiently simple, insufficiently flexible (because
of “logical rigidity”), and insufficiently natural, “and to
such an extent that he did not feel it necessary to men-
tion it”.24

Goldberg’s answer seems to us unconvincing, and a
more persuasive answer requires at least a brief com-
parative analysis of the gnosiological conceptions of the
two scientists and an examination of the problems that
they posed for natural science. This is all the more
necessary is that Einstein’s standpoint with regard to
Poincaré’s views is not represented entirely accurately
in the literature, and this confuses the situation.

Therefore, we shall answer the questions we have
posed at the end of this section, after a preliminary
discussion of the Poincaré-Einstein theme.

-Einstein’s views as a natural scientist. We have seen

19 Another compatriot of Poincaré, the well-known physicist
Brillouin, criticizing the ideas of the general theory of rela-
tivity (from the point of view of Bridgman’s operationalism,
in his understanding of it), nevertheless said that (in con-
trast to the general theory) “Einstein’s special theory of rela-
tivity is an eminent achievement”,? i.e., Brillouin, like de
Broglie, did not doubt that the authorship of the special theo-
ry is due to Einstein.

20 Einstein’s paper “On the electrodynamics of moving bodies”
was submitted on June 30, 1905 and published in September
1905; Poincaré’s paper “On the dynamics of the electron™
was submitted on July 23, 1905 and published in 1906.
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above how the theory of relativity was created by Ein-
stein, and we have summarized the process in earlier
pages. Einstein proceeded from a generalization of nu-
merous experiments to the formulation of a theory in
which he emphasized its integral nature, and then
turned to an objective experiment predicted on the basis

. of theory.

Einstein accorded great importance to experiments—
both as the basis for generalizations and as criteria for
the truth of propositions and the adequacy of a created
theory. It is well known to physicists that in his theo-
retical papers of that period he frequently immediately
indicated what experiment and under what conditions
one should set up to verify his newly formulated theory.

This shows that Einstein regarded theory itself as a
means to the discovery of the laws of nature as well as
to the discovery of the structure of individual systems.
It is very characteristic that, for example, studying
Brownian motion and the phenomena of fluctuations gen-
erally, he subordinated his investigations into statistic-
al mechanics and thermodynamics to the same task, of
which he wrote: “My main aim was to find facts that
would establish as reliably as possible the existence of
atoms of a definite finite size” (Ref. 1, pp. 275-276 of
the Russian translation).

Similarly, his interest in Planck’s investigations was
dictated not so much by the individual consequences of
Planck’s results, however important they may have
been, as by “what general conclusions does the radia-
tion formula enable one to draw about the structure of
radiation and, generally, the electromagnetic basis of
physics” (Ref. 1, p. 275).

And did not the highly theoretical investigations into
stimulated radiation lead to the discovery of objective
laws of atomic structures that eventually in our time
have become the basis of modern laser technology?

Alongside this, Einstein’s entire scientific activity
was characterized by a single general line; he strove to
pass from oune physical picture of the world to another,
ever deeper and more generalized. Thus, from the
special theory of relativity he passed to the general
theory, including in it noninertial frames of reference;
moreover, he believed that in this way he would arrive
at a unified picture that would encompass the entire
world in the system of a unified field in which discrete
elements must be expressed as singular points deter-
mined by the field parameters. From the point of view
of physics in the seventies, it is easy to see onesided-
ness in his searches for concrete ways to solve this
problem and to point out that he did not learn about the
tremendous extension of our knowledge of the micro-
scopic world, etc., and so forth. But one cannot deny
that Einstein posed before physics much grander tasks
than those posed by some theoreticians, i.e., the order-
ing of our seuse perceptions by means of physical
thought. Einstein’s aims were the grandiose one of re-
flecting the objective world in our cognition. In 1927,
he formulated them thus: “We wish to know not only
how nature is constructed (and how natural phenomena
occur), but we also wish to achieve the aim, perhaps
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utopian and audacious, of finding out why nature is thus,
and not otherwise. In this, scientists find their highest
satisfaction” (Ref. 14, p. 245 of the Russian transla-
tion).

Poincare Gnosiology. Conventional Choice of the
Means of Description. Reichenbach, Poincaré’s con-
cept of cognition was radically different from that of
Einstein, the natural scientist.

Poincaré was one of those thinkers for whom the ex-
istence of material objects was no more than a “con-
venient hypothesis” (Ref. 26a, p. 246, Ref. 25b, p. 231).
He treats the problem of acquiring knowledge not from
the standpoint of elucidating the ways in which the ob-
jective laws of nature are reflected in the consciousness
of man but from the standpoint of analyzing the connec-
tions between the sensations that man obtains through
his sense organs, of elucidating their relationship to the
intellect, to the capacity of the intellect, on the basis of
imperfect sensations, to create logical abstract sche-
mes, to classify the facts of sensations, and so forth.

Poincaré also spoke of experience as the first source
of knowledge, but he regarded this experience as an ac-
cumulation of sense perceptions. At the level of sensual
experience, many concepts are formed—different
spaces (visual, tactile, motor) and their properties
(homogeneity, isotropy, dimensionality, etc., deter-
mined, in Poincare’s opinion, by the physiological
properties of the human organs); there are the physio-
logical concepts of solids, continuity, and so forth (see,
for example, Ref. 25, Ch. 4—Space and Time).

But sensual experience is imperfect, and Poincaré
concluded that there arises a need for a perfecting of
concepts, which is achieved by the intellect. This last,
on the basis of the space of physiological concepts, cre-
ates a perfect logical scheme—a geometrical space,
different schemes of abstract geometries, the concept
of mathematical continuity, and so forth. Poincaré
does not attribute any of these abstract schemes to the
external world but regards them as having the aim of
overcoming the imperfection of sense perceptions.

Thus, over the world of perceptions Poincaré con-
structs an abstract world, albeit stimulated by the
world of perceptions but one that becomes independent
of it; the ideal elements of its construction do not have
direct analogs in nature.

Intellect constructs a theory of phenomena. In
Poincaré’s conception viewing theory (equals “mathe-
matical physics”) as an objective image of the external
world is ruled out from the very start. In his view the-
ory can only have the function of ordering the obtained
perceptions. Poincaré compares this function of theory
vis-a-vis the facts of perception with the function of a
library catalog: it gives nothing new, but through its
systematization facilitates the use of facts (Ref. 25a,

p. 172, Ref. 25b, p. 160).

It is also important to emphasize other aspects of his
understanding of the essence of theory. Thus, the or-
dering of the facts of experience is not unique; it can be
made according to a stipulation, conventionally. On the
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other hand, experience, regarded as the only source of
our knowledge, having stimulated the development of a
theory does not in what follows control it; a new experi-
ment is not a criterion for the truth of a created theory,
since the introduction of appropriate hypotheses re-
moves the contradiction between theory and the new ex-
periment, preserving the original basis of ideas. And
the reservoir of hypotheses is inexhaustible, concludes
Poincaré (see Ref. 25b, Ch. 10).

Thus, Poincaré frees theory from the influence of a
new experiment. This also precludes the possibility of

. a qualitative jump in our knowledge of the world.

Assertions relating directly to paths of knowledge in
physics are permeated with the ideas of conventional-
ism. Let us recall the principal ones.

As early as 1898, Poincaré asserted that the con-
stancy of the velocity of light inalldirections “cannever
be directly verified in an experiment”, but it does not
contradict experiments; such definitions *“are merely
the outcome of an unrecognized convention”.2® By ex-
periment he understands a limited gedankenexperiment,
in which a light signal is sent from the point A(0) to the
point B(x) at time £(0), and then at the time £(0) the
signal reflected at B(x) is received at the point A(0).

In this “restricted” single experiment, which elimin-
ates the multitudinous connections that are generalized
and verified through theory, a closed logical circle is
indeed formed, and it is impossible to establish the
constancy of the velocity of light “directly in an experi-
ment”, since one cannot establish the time ¢,(x) of re-
flection of the signal at B(x).

What is the meaning of Poincaré’s assertion that the
proposition concerning the constancy of the velocity of
light is not an experimental fact but merely a conven-
tional definition? It means that one could with the same
justification adopt a different convention, according to
which the velocity of light “there” and “back” changes
within definite limits. For the empirical experiment,
which above we have described as “restricted”, Reich-
enbach derived an expression for the time of reflection
of the light from the mirror at B(x):

£y () = t, (0) + elts (0) — 1 (O)),

where ¢ is a “coefficient of conventionality”, which var-
ies in the range O0<e < 1.

The constancy of the velocity of light in all directions
assumed by Einstein corresponds to the single value ¢
=1 of this coefficient. Therefore, for all other values
of ¢ permitted in accordance with Reichenbach’s formu-
la we would obtain certain different “variants of the the-
ory”, but not the “variant” that we know as the result of
Einstein’s work .2 Would physicists really agree to
regard Einstein’s theory of relativity as a special case
of a conventional stipulation, distinguished among a lar-

M e recall that among all the possibilities, Reichenbach also
admitted the variant in which a unique time, and with it the
classical transformation, is preserved for all inertial sys-
tems (see the earlier discussion).
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ger class of “equivalent theories”? But this is the drift
of Reichenbach’s formula.

Of course, if we approach the matter properly, we
readily see that Reichenbach’s formula is not a physi-
cal fact but merely a mathematical algorithm, from
which it follows that under the condition ¢ (0) < ¢,(x)
< §(0) the variable parameter ¢ will vary in the inter-
val 0< e < 1. This is unquestionably a mathematical
fact. But it does not have any bearing on Einstein’s the-
ory of relativity.

Historical analysis also shows that the experiments of
a developing science by no means reduce to a single
“restricted” experiment, which is limited to the trans-
mission and reception of a reflected signal at one and
the same point of space, and we have attempted to show
in this paper how comprehensive experimental founda-
tions are generalized in the basic principles of the the-
ory of relativity.

Moreover, if we were to accept the conventional
method of Poincaré and Reichenbach and accept in the
bases of the convention all other values of £ permitted
by Reichenbach’s formula, we would see that all of them
(except £ =%) lead to inequality of the velocity of light in
opposite directions, i.e., to a contradiction with the ex-
perimentally confirmed principle of velativity,*®

Let us consider one further example of Poincaré’s
conventionalistic approach to epistemology. This con-
cerns the relationship between geometry (G) and phys-

ics (P).

Already in his early paper “On the fundamental hypo-
theses of geometry” (1887), Poincaré wrote that “the
fundamental hypotheses of geometry are not facts taken
from experience” and that “our chosen group [of hypo-
theses] is merely more convenient than another, and
one cannot say that Euclidean geometry is true and
Lobachevskii’s geometry is false, any more than one
can say that Cartesian coordinates are true and polar
coordinates false” (Ref. 27, p. 398).

In this statement, Poincaré already puts geometry
and a coordinate system in the same category, identify~
ing their functions as means of description. Here, as
in many later formulations, Poincaré regards geometry
as a conventionally chosen method of description, asa
premise of physical theory completely independent of
the properties of the described object.

_In this asserted independence of geometry from the
properties of the object lies the justification for the as-
sertion that in a given physical domain one can use any
method of description, according to convention, and,

22y fact, this formula has generated a tendency to consider
“equivalent forms” of the theory of ralativity with the param-
eter £ in the interval 0<g<1,

)poincaré wrote: “Even our Euclidean geometry is only a
kind of conventional language: we could present the facts of
mechanics by referring them to a non-Euclidean space, which
would be less convenient but just as valid as our ordinary
space; the exposition would be more complicated, but would
still be possible” (Ref, 25b, Ch. 6).
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say, replace Euclidean geometry by Riemannian geom-
etry, etc. But then, to express the same experiments,
one must change the laws of physics; therefore, one
could use either G, +P,, or G, +P,, G; +P,, etc.

Thus, Poincaré laid the foundation of the idea that
there exists a class of equivalent descriptions of the

same experience.?®

After these considerations of Poincaré, it was not dif-
ficult for Reichenbach to go over from the “class of
equivalent descriptions” of Poincaré to the “class of
equivalent descriptions” of Reichenbach: the entire
symbolic formula is retained, and so is the inter-
changeability of its elements; merely G is replaced by
an “unobservable phenomenon”, an “interphenomenon”
(1); more precisely, by any hypothesis of it. Then the
“class of equivalent descriptions” takes the form: I,
+Py, I,+P,, I3+ P;,...; each equivalent description is
a description of one and the same set of perceptions—
Reichenbach defines this precisely.

With regard to the interphenomenon (I), Reichenbach
proposes that by this we should understand everything
that, at least for the time being, is unobservable; for
example, if we turn away from a tree, then behind us
we should already have an interphenomenon, i.e., some-
thing unobservable, and we could with justification
adopt any hypothesis: the tree hasdisappeared, the tree
has split in two, in three, and so forth, but then we
would be obliged to change physics in order to explain
the perception nevertheless of just one shadow (see Ref.
28). At the first glance, these arguments appear naive,
but Reichenbach proposes to solve for us in the frame-
work of this gnosiology the problem of quantum physics,
and it then becomes clear that, in seducing the theo-
retician with the possibility of admitting any hypothesis
about a quantum interphenomenon provided the set of
perceptions is explained, Reichenbach incorrectly ori-
ents the theoretician with regard to the paths of acquir-
ing knowledge of deep secrets of nature.

And the roots of this gnosiology stem from Poincaré.
There are indications that Poincaré’s gnosiology has
had a certain influence on both philosophers and physi-
cists., Some theoreticians have apparently been enticed
by the will-o’-the-wisp of theoretical thought being un-
connected with external conditions. Poincaré himself
assumed that the intellect manifests itself the more ful-
ly, “the more it liberates itself from the tyranny of the
external world” 43

Was Einstein a Conventionalist? What was Einstein’s
attitude to conventionalism? Some authors assert that
Einstein agreed with Poincaré’s opinion that the hypo-
thesis of the constancy of the velocity of light “can nev-
er be directly verified in an experiment”, and that such
definitions “are only the outcome of unrecognized con-

W) pccording to Poincaré, one can retain the same method of
description, regarding it as the simplest and most conven-
ient; for example, one can retain Euclidean geometry. Then,
if experience changes, one must complicate the physics ac~
cordingly in accordance with the scheme: G,+ Py; G+ Py;
Gg+ Py; ... , where G, is Euclidean geometry.
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vention”, There have even appeared in print assertions
to the effect that Einstein was forced to recognize the
unavoidability of relying on basic propositions that have
a conventional nature. Einstein is reproached for the
fact that, recognizing Poincaré’s correct point of view,
he did not follow it up consistently and did not analyze
the extent to which individual assertions of theory de-
pend on the adopted convention.

In Einstein one can indeed find the assertion that from
the experiment with the transmission of a light signal
and the reception of the reflected signal at the same
point one can draw the conclusion of equality of the vel-
ocities “there” and “back” only as an “arbitrary as-
sumption”. In particular, he expressed this thought in
his lecture to the Society of Natural Scientists at Zur-
ich in 1911, However, a careful and unprejudiced anal-
ysis of this lecture shows that Einstein by no means
shared Poincaré’s point of view concerning the conven-
tional nature of the basic propositions of theory. In that
lecture, Einstein intended to demonstrate the unusual
situation in the problem of the electrodynamics of mov-
ing bodies: the existence in each inertial system of a
corresponding set of variables (consequence of the
principle of relativity); the breakdown of the classical
law of composition of velocities, which appeared to lead
to a “terrible conclusion”—the refutation of the prin-
ciple of relativity, whereas the classical law of composi-
tion of velocities was itself a consequence of an “arbi-
trary assumption” about physical concepts, above all
that of absolute time; among other things, he pointed
out that from the limited (“restricted’”) experiment the
equality of the velocities in opposite directions can be
assumed only as an arbitrary assumption, which is of
course beyond doubt. In a word, Einstein aimed to show
that the new situation had led to unusual conclusions,
had revealed a number of “arbitrary assumptions” (old
and new, real and imaginary), and had turned kinemat-
ics “upside down”. “How can we put kinematics back on
its feet?” asked Eianstein. Aund he answered: “The ans-
wer presents itself: precisely those circumstances that
caused us earlier such difficulty now lead us to the cor-
rect path once we have obtained a greater freedom of
action, having given up those arbitrary assumptions. It
turns out that those two seemingly incompatible postu-
lates, lo which experiments lead us, namely, the prin-
ciple of relativity and the principle of the constancy of
the velocity of light, lead to a completely definite solu-
tion to the problem of the transformation of the coordin-
ates and the time” (Ref. 13, p. 183 of the Russian trans-
lation; our italics).

In a footnote at this point, Einstein states: “If x,y, 2,
tand x,y’,2’, ¢’ denote the space-time coordinates in
two frames of reference K and K‘, then these two fund-
amental principles require that the transformation
equations be such that each of the two relations x? +y?
+28=c?t? and x'%+y'2 +2'2=c?¢'? be a consequence of
the other. Since for reasons that we shall not explain
here the transformations must be linear, it follows
from a brief investigation that the transformation law is
thereby established” (Ref. 13, p. 183; our italics).

The picture Einstein sketched in the lecture of the

545 Sov. Phys. Usp. 22(7), July 1979

birth and development of the ideas leading to the formu-
lation of the theory of relativity is completely clear,
and it is already familiar to the reader from the first
1905 paper. This picture has no place for Poincaré’s
conventionalistic ideas, and the need did not arise to
analyze the consequences of the conventions adopted in
this conception.

A. Grunbaum, professor of philosophy at the Univers-
ity of Pittsburg, grossly distorts Einstein’s standpoint
with regard to conventionalism. He directly ascribes
to Einstein a conventionalistic thought: “You can al-
ways keep the geometry you like by an appropriate al-
teration in the correcting physical laws associated with
it”. Grunbaum does not give any references from which
one could deduce that Einstein actually expressed such
a conventionalistic thought. That remains an unfounded
guess of Grunbaum. Instead, he quotes verbatim from
Einstein’s Autobiographical Notes the hypothetical pole-
mic between Poincaré and Reichenbach. The reader
will recall (from the earlier passage) that Einstein im-
agined this polemic in order to say that the convention-
alism of Poincaré differs little from Reichenbach’s
(this was also recognized by Carnap®). But Grunbaum
announces that he has (??) “the right to replace the
name Poincare in the Einsteinian dialogue by the names
Duhem and Einstein,” which he does throughout the
whole of the quoted dialog thus identifying Einstein’s
views with those of Poincaré and Duhem 2® 2%

However, an arbitrary change of the names in the dia-
log proves nothing. We must return to the most reliable
source and consider the actual place alloted by Einstein
to geometry in his theoretical investigations, namely,
in his work on the general theory of relativity, in which
this question became particularly acute.

On the Role of Geometry in Einstein’s Physical Inves-
tigations. The physical ideas that provided the founda-
tion of the general theory of relativity were formulated
by Einstein immediately after the creatioun of the special
theory of relativity. Already in 1907, analyzing physi-
cal processes in a noninertial system, he established
that in these systems one cannot adopt the definition of
the measurement of time (simultaneity) that he had
given in the case of inertial systems, since in a non-
inertial system the time changes from point to point,
depending on the acceleration y in the given element of
space £, i.e., on the gravitational potential & = y£.

Later (1918), Einstein noted that the main difficulty
in the mastering of the general theory of relativity is
probably to be found in the circumstance that in the gen-
eral theory of relativity the connection between the
quantities occurving in an equation and measured quan-
tities (Einstein’s italics) is much more indirect than in
ordinary theories (see Ref. 13, p. 621 of the Russian

%) The author of the concluding remarks, E. M. Chudinov cor-
rectly notes that the reader “will detect serious distortions
of his [Einstein’s] philosophical conception. If we are to be-
lieve Grunbaum, then Einstein was an extreme conventional-
ist of the Duhem type ...” (Ref. 29, p. 550 of the Russian
translation).
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translation). An interesting remark directed against
empiricists and operationalists!

Thus, for noninertial systems, Einstein found that
vE [0)]
0=r(1+ :—2)= 1(1 +-Er)

(here, o is the “local time” of a point event in the ele-
ment of space £, and 7 is the time of the point event at
‘the coordinate origin). Investigating then the influence
of the gravitational field on electrodynamic processes,
Einstein naturally found that the wavelength of light is
also a function of the gravitational potential and changes
from point to point; in particular, it followed from this
that the wavelength of light emitted by atoms on the sur-
face of the Sun at a point with potential ¢ is according-
ly greater than the wavelength of light emitted by the
same atoms on the surface of the Earth; as a result of
this, there must be a shift of the spectral lines (“red
shift”).

Making then a number of transformations, which take
into account the new metric in the accelerated system,
Einstein arrives at the equations of electrodynamics in
this system, which have the same form as in an unac-
celerated system with however the difference that all
the electrodynamic variables are multiplied by {1+ vt/
¢c?)=(1+&/c?), and the velocity of light ¢ is replaced
by ¢ ’, which depends on the gravitational potential: ¢’
=c(1+@®/c?), i.e., the velocity of light is here not a
constant quantity.

From this there followed a new phenomenon: a light
ray must be bent in a gravitational field.

All these previously unobserved phenomena were pre-
dicted by Einstein already in the 1907 paper (see Ref.
13, p. 65 of the Russian translation) (experimentally,
they were confirmed partly only in 1919—the bending of
light—and partly even later).

One can say that the need for the transition to a gen-
eralized theory (the general theory of relativity) was al-
ready recognized by Einstein at that period, but he still
faced great difficulties associated with the formulation
of the equations of gravitation, in which it was neces-
sary to express generalized physical laws in a specific
form. An entire decade was needed for the solution of
this difficult problem.%

Of course, this entire pilgrimage is well known to
physicists. However, it is important to emphasize that,
in determining the physical foundations of the general-
ized theory, Einstein neither in this nor his subsequent
papers posed a preliminary question of which geometry
he should use as a basis for his investigations—
Euclidean or Riemannian—as a method of description
chosen conventionally. There was no preliminary
choice of the method of description in accordance with
a convention, i.e., there was no choice of a particular
geometry; rather, there was actually an investigation
of the physical connections between electrodynamic and
gravitational fields that occur under definite conditions.
The possibility of the metric actually changing in an in-
vestigated region was discussed by Einstein explicitly
much later—not, it seems, earlier than 1914-1915—
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when he was already on the point of formulating gener-
ally covariant equations for physical processes in the
general theory of relativity, i.e., when he began to em-
ploy in this theory the mathematical (tensor) formal-
ism, Considering how accelerated systems influence
the results of linear measurements and the running of
clocks at different points of physical space, Einstein
found that a configuration of effectively rigid bodies in
a rotating 'system “is described by Euclid’s geometry
inaccurately and that the rate of clocks is a function of
position. In other words, in the general theory of rela-
tivity there does not exist a geometry or kinematics in-
dependent of physical processes, since the properties
of rods and clocks are determined by the gravitational
field” (Ref. 13, p. 424; our italics).

Thus, in his physical investigations Einstein assumed
that the geometry depends directly on physical proces-
ses, and therefore it is not a method of description
chosen conventionally, to which physics must be
adapted. “From this point of view the laws of geometry
must be regarded as integral physical laws,” wrote
Einstein in 1914 (Ref. 13, p. 379 of the Russian transla-
tion).2®

We see that after the first step—the assertion of a
relational status of space and time—Einstein made the
second, natural, step and discovered the metric as the
expression of objective physical connections.

Einstein: “Geometry and Experience”. Although in
the development of the general theory of relativity Ein-
stein arrived at the conclusion that the laws of geome-
try must be regarded as integral physical laws, for a
long time he did not explicitly confront his views with
the conventionalism of Poincaré. But Poincaré’s con-
ception had a strong bearing on the methods of natural
scientists in general and Einstein’s method in particu-
lar,

In 1921, Einstein felt obliged to give an account to the
Prussian Academy of Sciences of his understanding of
the relationship between geometry and physics in a lec-
ture entitled Geometry and Experience. In this lecture,
Einstein considered the widely held view of geometry as
an absolutely precise science that dictates its logical
schemes to physics and bears no relation to experience,
although its very name indicates its experiential origin.

According to Einstein, this situation is explained by

- the axiomatic method of constructing geometrical

schemes. This method is based on the a priori deter-
mined nature ofthe logical connections of arbitrarily
adopted axioms after the manner that, if this is true,
then so is this. In such a geometry, neither the prem-
ise nor the conclusion are governed by experience. And
although the scheme uses “geometrical” concepts such

-

%)t is not superfluous to remark that Einstein also considered
Euclidean geometry from the same point of view: he wrote:
“It has been forgotted that Euclidean geometry, in the form
that it is used in physics, also consists of physical asser-
tions, which, from the physical point of view, were estab-
lished from the integral laws of Newtonian point mechanics”
(Ref. 13, p. 379).
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as point, line, plane, and so forth, the axiomatics does
not embody any definite meaning in these concepts.
“Neither knowledge of these objects nor conceptions
about them are presupposed but only the validity of axi-
oms of a purely formal nature, i.e., devoid of all per-
spicuous and vital content, as in the example given
above. These axioms are free creations of the human
mind. All the remaining theorems of geometry are log-
ical consequences of these axioms (and do not have a
real prototype)” (Ref. 14, p. 84 of the Russian transla-
tion).

Thus, axiomatic geometry is only a logical scheme
with no bearing on content. “But if we deny the connec-
tion between a body of axiomatic Euclidean geometry
and a real, effectively rigid body, we readily arrive at
the point of view adhered to by that original and deep
thinker Henri Poincaré: Euclidean geometry differs
from all possible axiomatic geometries by its simplic~
ity” (Ref. 14, p. 85). But, as we have seen, we must
pay for the simplicity of the geometry by the greater
complexity of the physics. “Thus,” summarizes Ein-
stein the views of Poincaré, ‘“one can arbitrarily choose
both (G) and some parts of (P); all these laws are con-
ventions. To avoid contradictions, it is then necessary
to choose the remaining parts of (P) in such a way that
(G) and the complete (P) are together confirmed in ex-
periments. According to this opinion, axiomatic geom-
etry is from the point of view of epistomology equiva-
lent to making some of the laws of nature into conven-
tions” (Ref. 14, p. 86).

“Sub specie aeternitatis hat Poincaré mit dieser Auf-
fassung nach meiner Meinung recht,” continues Ein-
stein: “In my opinion, this view of Poincaré is correct
sub specie aeternitatis” (i.e., from the point of view of
immutability of standpoint, abstractness, and isolation
from the concrete consideration of connections).?”

Because of this, he regards the use of axiomatic ge-
ometry in physics as an error, pointing out that the
physicist does not deal with axiomatic but practical ge-
ometry. “It is clear that from the system of concepts
of axiomatic geometry one cannot draw any conclusions
about the actually existing objects that we call effective-
ly rigid bodies. To make arguments of this kind possi-
ble, we must deprive geometry of its formal and logical
nature and confront the real objects of our world with
the empty scheme of concepts of axiomatic geometry”
(Ref. 14, p. 85).

Einstein carries out this operation by confronting the

M As follows from the complete text and Einstein’s subsequent
conclusions (see the following quotation in the main text), the
quoted phrase cannot be rendered by the words: “In my opin-
ion, this standpoint of Poincaré is completely correct from
the fundamental point of view,” as it was translated in the
publication of Nauchnoe Knigoizdatel’stvo (Scientific Book
Publishing House) in 1922 and was automatically transferred
to Ref. 14, p. 86 of the Russian translation. Without access
to the original and trusting this translation, the present
author somewhat inaccurately, in the spirit of the translation,
explicated Einstein’s position on this question in Ref. 31; our
italics.
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behavior of “effectively rigid bodies” with Euclidean ge-
metry as a whole: “In regard to the different possibil-
ities of configuration, rigid bodies behave like the bod-
ies of Euclidean geometry of three dimensions” (Ref.
14, p. 85). The assertions of practical geometry “rest
essentially on conclusions drawn from experience and
not only on logical conclusions”. Without this under-
standing of geometry, says Einstein, “I could not have
established the theory of relativity. Namely, without it,
the following consideration would have been impossible:
in a frame of reference that rotates with respect to
some inertial system, the laws of configuration of rigid
bodies do not correspond to the rules of Euclidean ge-.
ometry because of the Lorentz contraction; thus, if we
permit noninertial systems on an equal footing, we must
give up Euclidean geometry” (Ref, 14, p. 85).

But in axiomatics it is asserted that in the real worlkd
there are no objects exactly corresponding to the con-
cept of a rigid body or a clock—the concepts employed
in the theory of relativity. We see how persistently this
idea is put forward: theories can be created only after
agreement has been reached as to the meaning that must
be attached to any particular basic concept. To this,
Einstein gives a deep answer. Yes, there are no such
ideal rigid bodies or clocks. “It is also clear that rigid
bodies and clocks are not primary concepts but complex
concepts that cannot play an independent part in theo-
retical physics” (Ref. 14, p. 86).

Here, the view that concepts and theory are intercon-
nected is expressed explicitly for the first time?¥; we
already know from Heisenberg's information that, five
years later in a discussion with him, Einstein expres-
sed similar ideas, while at the end of the forties, in the
answers to Bridgman and Reichenbach, Einstein gave

his most developed formulation of the idea.

However, in 1921 in his arguments against the axio-
matic approach he still attempted to go in another di-
rection. Although it is true that the concepts of a rigid
body and a clock do not have independent significance
outside theory, “we are still very far from secure
knowledge of the theoretical foundations of atomistics,
so that we cannot specify the precise theoretical struc-
ture of these formations;” therefore, we are forced to
use them as independent concepts. What meaning can
we place in them?

In reality, absolutely rigid bodies do not exist. But
there do exist properties of real bodies that are suf-
ficiently well defined for us to use these bodies as ef-
fectively rigid. These properties are expressed in the
following principles of practical geometry, which have
experimential origin: “a) two intervals are said to be
“equal to each other” if the ends of one interval can be
kept next to the ends of the other for a long period, b)
if two intervals at a given time and at a given place
were equal, then they will be equal always and every-
where”,

These principles have universal significance. “Not

8)The connection was already implicit in the 1905 paper.
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only practical Euclidean geometry but also its direct
generalization— practical Riemannian geometry, and
with it the theory of relativity—rest on this assump-
tion” (Ref. 14, p. 87).

On the basis of these principles and using the phen-
omenon of the propagation of light in empty space,
which relates intervals of time and distance, one can
also arrive at similar conclusions for intervals of time
measured by clocks: “...If two ideal clocks at some
instant of time and at some place run at exactly the
same rate (and they are in the immediate proximity of
each other), then they will always have the same rate
irrespective of where and when (at the same position)
they are compared” (Ref. 14, p. 87).

Einstein emphasizes that this is not a conventional
nor a fantastic proposition. “If this proposition were
not satisfied for clocks in nature, the intrinsic fre-
quencies of atoms of the same element would not agree
with one another to the accuracy that is demounstrated
experimentally, The existence of spectral lines is a
convincing demonstration of the correctness of the
above principle of practical geometry. Ultimately, it
is this that is the justification for the possibility of in-
telligent statements about a metric in the sense of a
four-dimensional Riemannian space-time continuum”.

We cannot omit noting here the deep analysis with
which Einstein approaches experimental facts whose
meaning was, it would seem, already grasped.

The final answer which Einstein gives Poincaré is
clear: “According to the view advanced here, it is a
question of physics whether this continuum has Euclid-
ean, Riemannian, or some other structure, and the
answer must be given by experiments; it is not a ques-
tion of a choice based on pure expediency” (Ref. 14, p.
87; our italics). .

Four years later, Einstein published his paper “Non-
Euclidean geometry and physics”. In this too he crit-
icizes the conventional approach of Poincaré to the
choice of geometry and Poincaré’s preference for Eu~
clidean geometry as the simples, and defends his view
of practical geometry “as corresponding best to the
present state of our knowledge”.

We again see that the method of conventional defini~
tions was foreign to Einstein 2

2Lt is here worth adding that already in 1835 Lobachevskii
wrote that the vain efforts over two thousand years to prove
the theorem of parallels forced him “to suspect that the con-
cepts themselves do not yet contain the truth which it was de-
gired to prove and which can be verified, like other physical
laws, only by experiments such as, for example, astronomi-
cal observations” (Ref. 27, pp. 61, 62). Further,: “...some
forces in nature follow one particular geometry and others
another” (Ref. 27, p. 64). Riemann (1866) expressed similar
views to the effect that the properties of space “cannot be
gleaned other than from experience” (Ref. 27, p. 310).
Gauss had similar views.
In his understanding of the dependence of geometry on real
physical laws, Einstein was closer to Lobachevskii and Rie-
mann than to Poincaré.
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“The Homor Left to Einstein”. Poincare Silence.
We now return to the questions posed at the beginning of
this section.

Why did not Poincaré complete the creation of the the-
ory of relativity but “left this honor” to Einstein?

Because the theory of relativity, like any physical
theory, could be constructed only as a theory reflecting
the real connections of nature at all stages of its estab-
lishment—from the basic principles to the verification
of the consequences. But a scientific theory can only
meet the task of reflecting the laws of nature if it is in-
variably based on information that the theoretician ex-
tracts from the interconnection with nature itself; it is
rigidly comnected to this information.

Poincaré did not regard theory as reflection of an ex-
ternal world; in his view, it is a system for ordering
perceptions which can be realized in any form, by con-
vention. Already in 1908, Lenin, criticizing the posit-
ivistic views of Poincaré, wrote: “For Poincaré [...]
the laws of nature are symbols, convention, which man
creates for “convenience”. “The only genuine objective
reality is the internal harmony of the world”, with
Poincaré regarding as objective that which is generally.
comprehensible and cognizable to the majority of people
or to all of them,* i.e., in a purely subjectivist manner
annihilating objective truth, like all Machists...”.’® In
giving this evaluation, Lenin also referred to the evi-
dence of the well-known neopositivist P. Frank, who as-
serted that for Poincaré “many of the most general
propositions of theoretical natural science (the law of
inertia, the conservation of energy, etc.)” belong nei-
ther to the propositions of empirical origin nor a priori
origin, “being purely conventional premises dependent
on human judgment” (see Ref. 33). In spirit close to
Poincaré, Frank rejoices that the most modern natural
philosophy “revives in an unexpected manner the funda-
mental thought of critical idealism, namely, that ex-
perience only fills the frame that man himself creates”
(see Ref. 33).

Why do we recall these philosophical views of
Poincaré and their criticism by Lenin if we are only
concerned with Poincaré’s relationship to Einstein’s
theory of relativity? Because in philosophy Poincaré
was a militant thinker: he always set himself the task
of interpreting the results of physical investigations
with a view to confirming his philosophical conception.
The conventionalistic gnosiology prevented him from
generalizing the results of the investigations of electro-
dynamics of his time and completing this generalization
in a subsequent theory reflecting the laws of the ex-
ternal world. Essentially, this is admitted by de
Broglie in his speech quoted earlier, in which he said
that Poincaré, being a pure mathematician, “adopted
with regard to physical theories a somewhat sceptical
position, assuming that in general there exist infinitely
many logically equivalent points of view and pictures of
reality, from which scientists, being guided exclusively
by considerations of convenience, choose a particular
one. It is probable that this nominalism once again pre-
vented him from recognizing the fact that among logic-
ally possible theories there are some that are closer to
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physical reality, or at least agree better with the intui-
tion of the physicist and can therefore be of greater as-
sistance to him”.22 In 1955, repeating this argument,
Louis de Broglie added: “If this point of view is cor~
rect, it was precisely this philosophical inclination of
his intellect to “nominalistic convenience” {and this af-
ter all is the position of conventionalism] that pre-
vented Poincaré from grasping the significance of the
idea of relativity in all its grandeur]”.*

And this is true: Poincaré did not comprehend the
scale and realistic nature of Einstein’s work. And his
silence was not due to the fact he was unsatisfied by the
external, allegedly insufficiently simple and insufficien-
tly flexible form of Einstein’s theory. It seems to us
that Poincaré’s silence in the first years after the pub-
lication of the first and basic paper of Einstein was ex-
plained by the fact that it was not clear to Poincare how
and whether he could interpret Einstein’s theory in the
light of his own conception. He could neither accept nor
reject it fully. This was a collision of two methods in
the development of concrete physical problems in which
conventionalism suffered a defeat. It was only after a
seven-year silence, shortly before his death, that
Poincaré in 1912 prepared his paper “Space and time”,
in which he discussed the question of whether “Lorentz’s
principle of relativity” necessitates a change in attitude
to his previously made assertion that “geometry must
be a convention, and the principle of relativity must be
regarded as a convention”, And, posing the question:
“What is to be our attitude to these new ideas? Do they
force us to change our conclusion?”, Poincaré answers:
“No: we adopted a certain convention because it ap-
peared to us convenient, and we said that nothing forces
us to abandon it. Now some physicists wish to adopt a
new convention. This does not mean that they are
forced to do this; they regard the new convention as
more convenient, that is all; and those who do not ad-
here to this way of thinking can perfectly well retain the
old way so as not to disturb their old customs. Among
ourselves, I believe that they will continue to do this
for a long time”.3%

And this was all that the great mathematician could
say about the new physical ideas (which he did not even
attribute to Einstein but to Lorentz). Even at that time
this sounded like a feeble defense of the gnosiological
standpoints of conventionalism under attack from the
developing physics; seen historically, the inadequacy of
such a conclusion has become even more obvious. Not
Poincaré’s conventionalistic line offered promise but
Einstein’s realistic line.

V. ON DIFFERENT FORMS OF DESCRIPTION

As we have said above, the conventionalists assert
that the form of description of an experiment can be
chosen by convention, and that the physics must be ad-
apted to this form. It seems to me that in the literature
the question of “equivalent” descriptions has been
treated too schematically; it requires discussion.

On Identical Descriptions on the Basis of One-to-One
Correspondence. A perspicuous demonstration of how
different methods of description affect the content of
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FIG. 1.

35,

physical laws is sometimes given by means of the
graphical method (see, for example, Ref. 30).

Figure 1 shows part of an arc S, and an interval of a
straight line S,. Suppose that from each point of the arc
S, a perpendicular is dropped onto the straight line S,.
It joins two corresponding points on the two lines (one-
to-one correspondence). Let us follow the motion of an
infinitesimally small interval AS, from left to right and
consider the nature of the motion of its projection AS,.
Suppose we know the physical law of motion of AS;: its
length remains unchanged. How will the moving projec-
tion AS, change? Initially it will become longer, and
then shorter. Suppose that the fact of motion of the seg-
ment along the arc §, means that a physicist uses one
method of description, for example, Riemannian geom-
etry, while motion along S, means that he uses a differ-
ent method of description, Euclidean geometry. Then
for the projection, the physicist writes down a different
law of motion: he introduces into his expressions “cor-
rection terms”, forces that first stretch and then con-
tract the segment. The geometry on S, is simpler than
S;, but the physical laws are more complicated. It is
this that Poincaré asserts: the laws of physics depend
on the chosen method of description. And the method of
description chosen by the physicist is a matter of con-
vention.

It might appear that the logic of these arguments is
irrefutable and that one can adopt the idea of a class of
equivalent descriptions. However, one can draw atten-
tion to their abstract schematic nature. As Einstein
noted, as we have seen earlier, such arguments of
Poincaré are true abstractly—sub specie aeternitatis—
from the point of view of eternity.

But the actual process of cognition is not restricted to
a definite level, it is steadily being deepened. This
means that if one were to retain the simplest method of
description {G) it would be necessary to add ever new
“correction terms”, extending to infinity. Then the
process of cognition will resemble Lorentz’s method of
accumulation of hypotheses, in which each new discov-
ery that disturbs the original scheme of concepts is ex-
plained by the introduction of new hypotheses.

The advance of knowledge can, quite generally, des-
troy the arguments of the abstract one-to-one corres-
pondence between two descriptions: at some stage in
the acquisition of knowledge there may be discovered a
discrepancy between the consequences of two descrip-
tions, and it then follows that the two methods of des-
cription are not identical at all but that one of them pen-
etrates deeper into the essence of nature. To show that
this occurs in the history of man’s acquisition of know-
ledge, we may quote a convincing historical example.
In his critical and historical account of the Science of
Mechanics®® (highly regarded in its time by leading sci-
entists, including Einstein), Mach put forward through-
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out the entire book the idea that all the principles of
mechanics—Newton’s principle, the principle of virtual
displacements, Hamilton’s principle, and so forth—are
equivalent, since by means of any of them one can solve
the problems of mechanics. And indeed, at a definite
stage of knowledge this conclusion was possible, but
only because and as long as Mach forcibly reduced all
problems of mechanics to a single problem—the inter-
action of bodies producing accelerations in each other
inversely proportional to their masses. But the devel-
opment of our knowledge has shown that the problems of
mechanics are more complicated, and that Hamilton’s
principle penetrates into the essence of nature much
more deeply than the other principles of mechanics: al-
though it was formulated first in the domain and in the
language of mechanics, it also enables one to solve
problems of atomic physics.

The reader is probably familiar with not a few such
transformations of concepts, of deepening of “methods
of description”, and the relative and historical nature
of the equivalence of different methods of description;
below, we shall give some more examples.

What we have said means that different methods of
description of the same experience should be evaluated
not in the light of a static state of knowledge, as was
done by Poincaré and Reichenbach, but in the light of .
the development of knowledge, in the light of an analysis
of the connection of a particular method of description
with the preceding knowledge and, what is no less im-
portant, also in the light of the prospects of the given
method of description for subsequent deepening of know-
ledge. And these prospects are revealed only when the
method of description has an objective basis.

On Different Methods of Description Having an Objec~
tive Basis. A one-to-one correspondence can be real-
ized by the replacement in all equations of all variables
by linear functions of them. Widely known examples of
such substitutions are the transitions from one coordin-
ate system to another (for example, from Cartesian to
polar or curvilinear coordinates, etc.) or from one sys-
tem of units to another.®® Such operations modify the
superficial form of the equations and, in a number of
cases, may even simplify the calculations, but they do
not uncover new connections in nature nor do they lead
to a deeper level of knowledge. Attempts to present

30poincaré used the possibility of such substitutions as an
argument in favor of conventionalism (see, for example, Ref.
25b, p. 152). However, this possibility cannot serve as an
argument. For the use of a particular system of units (or a
system of coordinates) does not change the relationships in
the actually measured object and merely has the consequence
that the description of the objective connections contains cer-
tain dimensionless coefficients which characterize the rela-
tionships between the different units of measurement (or co-
ordinates). Poincaré incorrectly transferred his arguments
to geometry as well. But a particular geometry reflects a
corresponding metric, which is vealized in the object itself,
and the use for the description of its connections of an a
priori chosen geometry with an arbitrary metric cannot re-
veal objective connections. Conventionalism as a gnosiology
does not find confirmation.
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such transformations as an innovation in science call
forth perfectly justified objections (see, for example,
the paper of Kadomtsev e? al.").

But in physics one can encounter examples of the co-
existence of different forms of description, which, how-
ever, are not obtained by the method of one-to-one cor-
respondence but as a result of different and independent
lines of discovery. Let us consider examples.

The first example is provided by the matrix and wave
aspects of quantum mechanics. Each of these aspects
has its foundations in quantum phenomena, in their dual
nature, and neither is an object of a conventional stipu-
lation; they are not identical, as some authors suppose,
since one aspect characterizes the change in the state of
a system for constant dynamical variables, while the
other characterizes the change of the dynamical vari-
ables for a constant state (see, for example, Ref. 38);
but the two aspects are interconnected, as is revealed
in the generalized theory of operators.

Second example: There exist two forms of description
of Raman scattering of light—the classical and the quan-
tum. The classical theory was developed by G. S.
Landsberg and L. I. Mandel’shtam; it is based on the
classical concept of the modulation of the scattered light
by the vibrations of atoms in molecules or at the sites
of a crystal lattice. This theory does not give the cor-
rect relationship between the intensities of the Stokes
and anti-Stokes components of the original spectral line
or their dependence on the temperature. The quantum
theory (the necessity of which was immediately pointed
out by Landsberg and Mandel’shtam) is based on objec-
tive but much deeper properties of the emitting sys-
tems; it is valid for all temperatures, including low
temperatures.

It is already clear from these examples that in sci-
ence one can encounter different forms of description of
the same body of phenomena, but this is not an argu-
ment in favor of conventionalism, since these descrip-
tions are not identical in their essence and differ in that
either they reflect complementary aspects of reality
that cannot be reduced to each other, or one of the de-
scriptions reflects a deeper level of penetration into the
nature of the phenomena, which need not be revealed
immediately.

Seen in this light, searches for different forms of de-
scription are natural, unavoidable, and desirable, They
reflect the multitudinous properties of nature and the
possible connections with it, and facilitate the discovery
of optimal paths of investigation. But this imposes an
obligation on the theoretician to seek, in each case, the
objective properties that provide the basis of the given
form of description. A painstaking analysis of these
properties is an important task of the theoretician. It
is the unavoidable path to the establishment of the limits
of applicability and potential possibilities of each of the
parallel descriptions. And it is the path to generalizing
theories.

Einstein and the Problem of Diffevent Forms of De-
scription. It is natural that Einstein, who made revolu-
tions in the development of science, should have been
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deeply concerned with the problem of the possibility of
different descriptions of the same facts. Let us consid-
er what he wrote on this subject.

“For the same complex of experimental facts there
may exist several theories that differ significantly from
one another. But with regard to the conclusions from
the theory that are amenable to experimental verifica-
tion the agreement between the theories may be so com-
plete that it is difficult to find conclusions in which
these theories differ... . An example of a far reaching
coincidence of the consequences of two theories is en-
countered in Newtonian mechanics, on the one hand, and
in the general theory of relativity on the other. This
coincidence goes so far that to the present time we have
succeeded in finding only a few consequences of the gen-
eral theory of relativity amenable to experimental veri-
fication that do not already follow from prerelativistic
physics; and this is so despite the deep difference in the
basic propositions of the two theories” (Ref, 13, pp.
593-594). It is to be recalled that Einstein wrote this in
1917, when the general theory of relativity had already
been created but none of its consequences had yet been
confirmed experimentally [ except, of course, the peri-
helion advance of mercury; translator].

Let us emphasize the situation pointed out by Einstein:
1) relativity theory predicted all the consequences veri-
fied experimentally for Newtonian theory; but Einstein
did not draw from this the conclusion that the two the-
ories are identical; 2) in contrast, he was convinced
that the *““deep differences between the fundamental
premises of the two theories” must lead to differences
in the consequences; 3) nevertheless he expressed dis-
appointment that it was possible to find only a few con-
sequences of the general theory amenable to experi-
mental verification—which had not yet even been real-
ized.

This seems to have disturbed Einstein to some extent,
since even earlier he had noted: “In striking contrast
to the deep change made by the general theory of rela-
tivity in the foundations of physics is the negligible dif-
ference between the quantitative predictions of the new
and the old theory” (Ref. 13, p. 424).

But of course, there were no grounds for disquiet.
That at that time he “could find” only the three well-
known consequences predicted by general relativity
(later, they were all confirmed experimentally) is not
surprising, since this was due to the level and capabil-
ity of astrophysical investigations at that time.?” With
regard to the small number of new predictions, this fact
is not of fundamental significance; it is already suffic-
ient to show that the two theories are not only not iden-
tical in their premises but also in their consequences.

However, the general theory of relativity still had to
encounter a new test in a confrontation with ideas which
have their roots in Poincaré’s conception and in his as-

31t is well known that by the middle of the seventies astro-
physics had been enriched with many major discoveries,
from which physicists await new confirmation of the ideas of
the general theory of relativity.
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sertion that geometry is not only independent of physics
but that the conventional choice of geometry determines
the laws of physics, and that at all levels of cognition
one can (and indeed it is desirable to do s0) retain
Euclidean geometry and flat space.’®

We are referring to the attempts to show that the rel-
ativistic phenomena of gravitation can be reproduced
not only by the general theory of relativity but also by
another theory—the relativistic theory of gravitation in
flat space developed by Thirring, and also by other in-
vestigators.*® Some authors assert that the two theories
are completely identical with regard to all observable
effects. Indeed, Thirring and other theoreticians have
shown that some important effects {for example, the
bending of a ray of light and the red shift in a gravita-
tional field) can be represented as effects in a flat
space, just as well as they can in general relativity,
which introduces the curvature of Riemannian geometry.

It is not without interest to note that Finstein also
considered the possibility of preserving Euclidean ge-
ometry; for this, it would be necessary to obtain equa-
tions for physical processes with allowance for the fact
that an interconnection between the g;, and the gravita-
tional field is not presupposed. But this would lead to
requirements by means of which “the laws of Euclidean
geometry would be reduced to differential equations;
however,” concludes Einstein, “in such a formulation of
the essence of the matter one feels that fromthe point of
view of a consistent implementation of the theory of ac-
tion at short range this possibility is by no means the
simplest and the most obvious” (see Ref. 13, p. 379 of
the Russian translation).

This supposition of Einstein is confirmed by the fact
that the attempt to create a relativistic theory of gravi-
tation in flat space was realized only almost half a cen-
tury after the formulation of the general theory of rela-
tivity, and, as we shall see in what follows, it, natural-
ly, turned out to be restricted and can be regarded only
as an approximation with no pretence to more.

As is noted by Zel’dovich and Novikov in their book of
Ref. 40, the abandonment of the idea of curvature of
space-time leads to the need to make physically unjust-
ified assumptions (a change in Maxwell’s equations in
vacuum and, accordingly, abandonment of the proposi-
tion of the constancy of the velocity of light in vacuum,;
the introduction of an absolute time that cannot be ob-
served in any experiment, and so forth).3%

And the most important thing from the gnosiological
point of view is that the attempt to create a theory of
gravitation in flat space, leading to identical results in
the simplest problems, is futile for the solution of new
and more complicated problems in cosmology, where
the investigator must deal with strong fields, gravita-
tional mass defect, and other complicated problems.

32)We recall that concerning space and time Poincaré asserted
directly: “It is not nature that imposes them on us; we im-
pose them on nature because we find them convenient ...”
Ref., 32, p. 7).

33 For details, we refer to the quoted book,
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Whereas the two theories may be regarded as compet-
itors in the solution of very simple problems, and con-
ventionalists may regard the giving of preference to one
or the other as a matter of convention, these arguments
fail when more complicated problems are encountered.

Thus, two systems of description of the same results
of an experiment may appear equivalent (and even iden-
tical) at some initial stage of knowledge, but further de-
velopment can reveal their difference, and show that
one has more prospects for further development than
others.’®

Vi. SUMMARY

Einstein as the Author of the Theory of Relativity.
What general conclusions can we draw from our review
of what Einstein did in developing the ideas of relativ-
ity? They are as follows.

1. Einstein gave the theory of relativity both its just-
ification and its interpretation, and found its most im-
portant consequences. His role does not reduce to that
of placing the crowning stone in an arch constructed by
predecessors. He constructed the theory of relativity
himself from the foundation on the basis of a clarifica-
tion of the existing interpretations of Maxwell’s electro-
dynamics and of the experimental foundation of the
principle of relativity and the discovery of its deep
physical content. This coutent he saw above all in the
invariance of the laws of nature in all inertial systems,
and, as a consequence of this, in that every inertial
system has its own set of variables, these being related
to the variables of other inertial systems by definite
transformations. Noteworthy in Einstein’s appreciation
of the significance of the principle of relativity is his
reversal of the aim of the investigation—he made the
principle of relativity, not the final aim of investigation,
but the point of departure and the key to the subsequent
generalizations that he realized.

2. Einstein radically altered the method of analysis
of factual material and the conclusions of theory; he de-
parted from the classical method of accumulation of hy-
potheses, insisted on a radical rearrangement of obso-
lete basic propositions, enhanced the significance of an
experimentally verified (adequate) theory (Maxwell’s
electrodynamics) and with all force emphasized the re-
lational (interconnected) status of all the parameters
occurring in a theory, including space and time, with
the consequence that space and time lost their status of
substantiality and absoluteness. This led Einstein to
the understanding that geometry appears, not as a form
of description of physical facts of the world that is

Wt is noteworthy that Einstein evaluated physical theories
precisely from the point of view of their potential for the fur-
ther development of knowledge. It is appropriate to recall
his words said in connection with his evaluation of the con-
nection between the special and the general theory or relativ-
ity: “The finest fate of a physical theory is to point the way
forward to the creation of a new and more general theory, in
the framework of which it survives as a limiting case” (Ref.
13, p. 568 of the Russian translation).
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chosen by convention, but as an important aspect of the
physical interconnections in it, as a system of theorems
reflecting the metric inherent in the world.

3. Einstein not only gave a physical justification of
the theory of relativity and demonstrated its content and
its main consequences, but he also represented it as a
transitional stage to a theory with broader generaliza-
tions capable of dealing with cosmological questions.
This breadth of investigations in the activity of a single
scientist is unique in the history of physics.

Without the conception and without the inner logic that
Einstein gave to the theory of relativity it would have .
not been possible to create the general theory of rela-
tivity nor to elicit the connection between masses,
gravitational fields, and radiation, i.e., the break-
through to problems of cosmology would have been im-
possible. It is the subsequent development of know-
ledge, i.e., the creation of the general theory of rela-
tivity, that illuminated the meaning and significance of
the Einsteinian (special) theory of relativity.

4, What we have said indicates that “indeed Einstein
was the author of the theory of relativity in the true
sense of the word.”’

Einstein’s entire theory—from the basic, experi-
mentally verified principles to the important practical
conclusions--is a logically connected and perspicuous
integral whole, and it therefore makes an irresistible
impression. i

Einstein did not follow a unified philosophical system,
and he even assumed that such was impossible for a
natural scientist (Ref. 1, p. 307 of the Russian transla-
tion). And, undoubtedly, in his sporadic philosophical
statements one encounters dubious arguments about the
intellect as “free play with concepts”, the meaning of
which supposedly consists in the attainment by means of
this play of the “possibility of ordering sense percep-
tions” (Ref. 1, p. 261 of the Russian translation).’®
Such statements of Einstein do not differ from the argu-
ments of many great scientists, in particular Poincaré.

But Einstein himself suggested that one should not lis-
ten to what the scientists themselves say about their
method but rather study their actions (Ref. 1, p. 181 of

" the Russian translation). This we have attempted to do

in tracing Einstein’s path leading to his creation of the
theory of relativity. And we see that, as a natural sci~
entist, Einstein referred the results of his investiga-
tions to an external world, to nature, in learning about
which he saw his direct task. As we have seen, he sub-
ordinated his theoretical investigations to this task,
And it is not surprising that this position of the natural
scientist, passionately wishing to uncover the secrets
of nature, led him to criticize conventionalism and its
methods. Here, we must specially emphasize that Ein-
steincriticized Poincaré’s conventionalism, not from
the standpoint of philosophy, but from that of physics,
since he clearly understood that Poincaré’s convention-

35 For a more detailed exposition of Einstein’s philosophical
views, see Ref, 31,
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alism stood in the way of the development of physics.?®

However, the deep gnosiological solutions that Ein-
stein found and successfully applied in creating the
foundations of the theory of relativity were not fully de-
veloped by him in connection with the new problems that
arose in the investigation of atomic physics. And here
there is a deep contradiction with the remarkably bold
and huge contribution to the development of physics that
he made by showing that, to the astonishment of leading
physicists of the time, light has a quantum structure
and, further, in a number of brilliant investigations,
that quantum interconnections penetrate deeply into all
physical phenomena (theory of the specific heat of sol-
ids, the photoelectric effect, the emission and absorp-
tion of radiation, and so forth), which stimulated the use
of quantum ideas to explain the spectral features in the
radiation from atoms.

And despite this, in the quantum domain, he adhered
to the classical ideas of an abstract object and its prop-
erties and to causal connections as understood classic-
ally. This defense of the classical concepts was his
form of protest against the new trends that asserted
that a physical object reduces to phenomena in an ap-
paratus, and that interconnections in nature have the
character of absolute randomness, allegedly eliminat-
ing tendencies for regular development of integral sys-
tems. But Einstein did not take into account that atomic
physics itself provides the ground for the conclusion
that the concepts both of a physical object and of inter-
connections also change, becoming deeper, and losing
their character sub specie aeternitatis.

W may surmise that Einstein was prevented from un-
derstanding this by the fact that he embraced the dia-
lectical nature of the acquisition of knowledge only
spontaneously and also by the fact that he was repelled
by many of the arguments of his opponents, which were
badly formulated, frequently under the influence of pos-
itivistic philosophies (Kierkegaard, Héffding), and were
one-sided and exaggerated, and moreover were evolv-
ing themselves. It is possible that all this had the con-
sequence that, having done so much for the development
of quantum ideas, he refused to participate in the de-
velopment of quantum theory, despite the fact that sci-
entists turned to him in the critical period in the devel-
opment of physics.* 37 At this period, Einstein was
totally absorbed by the idea of encompassing all laws of
the world in a unified field theory, and he underesti-
mated the fact that this task could not be fulfilled with-
out the contribution that quantum physics makes to our

3)This should be borne in mind by those who assume that there
is a physical conventionalism, which is acceptable, and there
is a philosophical conventionalism, which lies somewhere be-
yond the pale of concrete sciences and can be left to be dis-
cussed by philosophers.

3 A F. Ioffe in a discussion with Einstein (1926) on this ques~
tion characterized this critical period as follows: “One can-
not fail to see the mystical haze obscuring the clear contours
of physics; lack of belief in its own strength and a denial of
the reality of nature itself is infiltrating science. There is
only one way out—Einstein must do his duty and has no right
to hide in the abyss of the unified field” (Ref. 41, p. 5).
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knowledge of nature.

Because of their depth and objective nature, Ein-
stein’s theoretical studies had a huge influence on all
sections of physical science—from atomic physics to
cosmology. To a large extent, they have determined
the level of present technology; in particular, they pro-
vided the basis for the development of a very important
field of technology—lasers—and, most importantly,
opened up possibilities for the solution to an acute
problem for mankind, the energy problem of the future,
by showing theoretically the possibility of releasing
atomic energy.

Finstein contribution to the development of modern
physics is so great that his name will forever remain
in the history of human civilization.
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