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This article discusses the role of conventions in defining the concept of inertial reference frame, and
it specifies key historical evidence, up to now widely ignored, connecting Poincaré, Einstein, and
Reichenbach’s analyses of simultaneity. © 2005 American Association of Physics Teachers.
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In special relativity, conventions have been a subject of
debate among physicists and philosophers. We may better
understand such disputes on synchrony, velocity, and inertial
systems by setting them in relation to specific historical tra-
ditions.

Recently, Ohanian argued that dynamical considerations,
applied to inertial systems, necessarily entail the standard
synchronization rule employed in special relativity.! He de-
fines “inertial reference frame” as a frame in which New-
ton’s laws of motion are valid to a first approximation. He
cites only one, seemingly authoritative, formulation of this
definition. He claims that Einstein, in his famous 1905 paper,
required “‘a system of co-ordinates in which the equations of
Newtonian mechanics hold good, ie., to the first
approximation.” > That expression, however, is not in the
1905 paper. It actually reads, “Consider a coordinate system
in which the equations of Newtonian mechanics hold.”?
Ohanian relied on a translation that includes the clause “i.e.,
to the first approximation™ as a footnote.* There is no evi-
dence that Einstein added it. Such footnotes originated in an
edition of 1913 by Otto Blumenthal, which includes notes by
Sommerfeld.” Presumably, this specific footnote was added
to harmonize the pertinent sentence with special relativity,
which revises many equations of Newton’s mechanics.
Hence, Torretti described Einstein’s original expression as “‘a
condition blatantly at odds with the subsequent development
of the paper.” ¢

At the outset of his argument, Einstein assumed the valid-
ity of Newton’s mechanics before showing its inadequacy.
(This point has been ignored in analyses of the 1905 paper.)
In particular, in discussing the lack of any absolute meaning
of simultaneity, Einstein assumed that moving clocks keep
the time of the “stationary” system.” Accordingly, the con-
sideration of a system in which Newton’s equations hold
served to indicate a deficiency in Newtonian mechanics.

Newton’s equations, of course, are valid as a first approxi-
mation in Einstein’s theory. But, does that mean that we must
necessarily define inertial systems in terms of Newton’s
equations?

Other definitions abound. For example, to define an iner-
tial system in a way that is not predetermined by the adop-
tion of particular laws of motion, we may use an approach
formulated by Ludwig Lange. In 1885, he proposed an ideal
construct for identifying any ““inertial system” of reference.®
It seems that he actually coined the expression. Lange argued
that any three material points simultaneously projected from
a single point, and moving freely in noncoplanar directions,
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constitute an inertial system. He assumed the points’ uniform
rectilinear motion as a matter of “mere convention.” It
seemed impossible to ascertain their motion univocally, be-
cause they were meant to function as the standard by which
to measure other motions.” Such a system, though estab-
lished by convention, would serve to verify whether other
objects move rectilinearly at constant velocity.

Lange’s definition has served to specify inertial systems in
Newton’s mechanics, as well as in Einstein’s special theory.
For example, in his treatise on relativity, Max Laue used
Lange’s definition.'” It applies also in schemes developed
upon the analysis of special relativity advanced by Hans
Reichenbach.

In contradistinction, another tradition defines inertial sys-
tems in terms of Newton’s dynamics.'? Arguably, one advan-
tage of that approach is that it need not presuppose the exis-
tence of empty space and hence of any “free” particles. Still,
Newton’s first law of motion refers to free bodies. One of its
virtues is that it continued to be exactly valid even in Ein-
stein’s special relativity.

The law of inertia by itself does not suffice to necessitate
the standard synchrony used in special relativity. Hence,
Ohanian suggests that this law be abandoned or construed as
a corollary of Newton’s second law. Thus, he opposes a tra-
dition (cultivated by Mach, Kirchhoff, Hertz, Einstein,
among many others) that begins the analysis of motion by
mathematically describing varying distances between bodies
rather than by postulating notions of force. Most physicists,
following Newton, prefer to present the law of inertia as
independent and prior to the force law.

In contrast, Ohanian considers dynamical relations as
more real or fundamental than any kinematics that we may
devise by various arbitrary modes of representing empirical
relations. For him, F'=ma, when applied to multiple bodies,
is “a true law of nature, that is, a prediction that can be
confirmed or contradicted by experiment.” 13 Notwithstand-
ing a century of apparent confirmations of relativistic devia-
tions from Newton’s force law, Ohanian requires that this
very “law” is essential in defining an inertial system. He
shows that different synchrony conventions would entail a
change in the mathematical form of dynamical equations.
The resulting equations involve what he calls “pseudo-
forces.” Yet, such equations do not predict any differences
whatsoever in the actual material behavior of physical sys-
tems. They constitute an unusual but entirely consistent way
of representing and accounting for empirical relations.
Ohanian rejects such equations because they don’t have the
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mathematical form of Newton’s law. He concludes that ““in
an inertial reference frame, there is no freedom of choice in
the synchronization, and in such a reference frame, a con-
vention for synchronization is not needed or permitted.” '*
Yet, his argument depends on adopting a particular defini-
tion of inertial frame.

Furthermore, he claims that Einstein was ““sleepwalking”
in positing the standard synchrony procedure. He construes it
as “redundant,” being involved (allegedly) in the definition
of an “‘inertial reference frame,” which he claimed was in
the 1905 paper. But, since Einstein did not overtly formulate
a definition of inertial frame consonant with his new kine-
matics, there is no redundancy involved. (By the way, no-
where in the 1905 paper did Einstein use the phrase ““inertial
reference frame,” nor any of these words; he used the ex-
pression “‘system of coordinates.””) If Ohanian is correct in
connecting standard synchrony inextricably to inertial
frames, then Einstein’s original formulation is not redundant,
precisely because he only specifies the synchrony procedure,
and that would tacitly fix the definition of an inertial system.
Regardless, Einstein’s kinematics admits other common defi-
nitions of inertial frame.

Another point to clarify is the rise of the notion that the
simultaneity of distant events and the unidirectional speed of
any signal involve an element of convention. Such argu-
ments are often traced to the works of Reichenbach in the
1920s.

However, it is well known that since the 1890s the math-
ematician and physicist Henri Poincaré had highlighted the
importance of conventions in mathematics and physics. His
concerns grew from questions about the validity of non-
Euclidean geometries, as had been the case with Helmholtz.
In 1898 Poincaré characterized the metric notion that light
has the same speed in opposite directions as a ““postulate,” a
presupposition “which could never be verified directly by
experiment.” '> He argued that the simultaneity of distant
events and the equality of two durations ““can acquire mean-
ing only by convention.” '8 For Poincaré, conventions were
principles chosen conveniently by all scientists because of
their compatibility with empirical knowledge. In that way,
the fundamental knowledge secured in mathematics and
physics could be understood as not necessarily being fixed
by the structure of the world (nor by transcendental catego-
ries of the mind, contrary to the philosophy of Kant).

Poincaré argued: we voluntarily ascribe certainty to such
conventions because we posit their validity as a matter of
definition. For example, he explained, F=ma becomes a
convention when we decide that “force” is just the name
given to the product of mass times acceleration. The propo-
sition cannot then be contradicted by experiment. Further-
more, he noted that if we adopt an unusual way of measuring
time, then “‘the experiments on which Newton’s second law
is founded would none the less have the same meaning. Only
the enunciation of the law would be different, because it
would be translated into another language; it would evidently
be much less simple.” !’

Poincaré argued that, to understand the principles of me-
chanics, it is useful to compare them with alternative formu-
lations and hypotheses. He complained that analysis of the
origins and validity of principles is often difficult because
textbooks “do not clearly distinguish between what is expe-
rience, what is mathematical reasoning, what is convention,
and what are hypotheses.” 16

It is also well known that Einstein studied and was influ-
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enced by Poincaré’s works.'® At a younger age, Einstein had
been immersed in the philosophy of Kant. But, by 1905,
owing to his readings of Mach, Poincaré, and especially
Hume, Einstein abandoned the idea that notions of space and
time are a priori knowledge. In his 1905 paper, Einstein
acknowledged that different definitions of force are possible.
And, he described also as a “definition” the requirement that
light takes the same time to traverse equal paths in opposite
directions. It is also well known that in his popular book on
relativity he emphasized that this very requirement ‘“‘is in
reality neither a supposition nor a hypothesis about the
physical nature of light, but a stipulation which I can make
of my own free will in order to arrive at a definition of
simultaneity.” 1

Among French speakers, the notion that light isotropy is
conventional gained prominence because, in the French
translation of Einstein’s book, the German word “‘festset-
zung” (“stipulation” in the authorized English translation)
was rendered “convention.” *® Among English speakers, the
notion that isotropy is conventional gained prominence in the
writings of Eddington, who early on was reputed to be one of
the few physicists who really understood relativity theory.
For example, he argued that, “Strictly speaking the
Michelson—Morley experiment did not prove directly that
the speed of light was constant in all directions. The experi-
ment compared the times of a journey ‘there-and-back’.”” Ed-
dington explained that all such experiments compare only
the round trips of signals: “The measured velocity of light is
the average to-and-fro velocity... there is a deadlock... which
can only be removed by an arbitrary assumption or conven-
tion. The convention actually adopted is that (relative to the
observer) the velocities of light in the two opposite directions
are equal.” *!

Such discussions and many that followed on the conven-
tionality of simultaneity have not mentioned whether Ein-
stein himself actually called simultaneity a “convention.” In
fact, he did. In a letter of 1924 to André Metz, a philosopher
of physics, Einstein noted that relativity theory involved
“conventions” and ‘““physical hypotheses.” He specified one
such convention: “simultaneity,”22 Moreover, in 1918 he
had commented to Max Born: “The ‘a priori’ I must pare
down to ‘conventional’....” ** Even decades later, Einstein
defended Poincaré’s view that particular geometries are con-
strued as true essentially as a matter of convention.”*

Reichenbach, another physicist turned philosopher, main-
tained a friendly correspondence with Einstein. He attributed
to Einstein the merit of having properly extended, to the
concept of time, the role of conventions that had been eluci-
dated by Helmholtz and Poincaré in physics.>> In 1928 Re-
ichenbach published his third book analgfzing the concepts of
space and time in Einstein’s theories.”® He elaborated the
thesis that the standard procedure for synchronizing clocks
involves an element of convention, in the stipulation that any
light rays take equal times to travel equal paths in opposite
directions relative to any inertial reference frame.*’
Promptly, Einstein wrote a book review, now virtually un-
known. He praised Reichenbach’s efforts to clarify how defi-
nitions connect concepts and experience: ““The clear elucida-
tion of the role of coordinative definitions, especially in the
area of relativity theory, is one of the main objectives to
which the author has aspired and reached.” *®

Einstein noted that Reichenbach’s detailed analysis of time
in special relativity was easily intelligible, and he highlighted
that ““value is located in clearly distinguishing what in the
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relativistic definition of simultaneity is a logically arbitrary
stipulation, and what in it is a hypothesis, that is, a presup-
position about the structure of nature.” Unfortunately, nowa-
days, the tendency to not distinguish between conventional
and factual aspects of physical theories continues to be
strong.”’
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Hans C. Ohanian' claims to “defeat” the conventionalist
thesis of clock synchronization®® by using an argument
based on dynamics. My aim here is to show that his argu-
ment does not succeed.
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Ohanian writes, “[The conventionalist] thesis rests on the
belief that the adoption of the nonstandard synchronization
leads to a self-consistent description of physical phenomena,
without any demonstrably erroneous experimental conse-

© 2005 American Association of Physics Teachers 454



