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ABSTRACT

§1. It is shown that the simultaneity of distant events is
taken for granted by some major thinkers, moat notably Leibniz and
Newton, preceding Einstein. However, in 1905, the STR's
examination, and subsequent reconstruction, of this assumption,
engendered two types of simultaneity: intra-frame and inter-frame.
The former is the focus of this investigation and deals with the
simultaneitv of distant, yet relatively stationary, events. The
latter involves the simultaneity of distaut, yet relatively moving,
events. Einstein glossed over the former, briefly claiming that
distant clocks are synchronized according to a definition.
Reichenbach interpreted this as illustrating that the STR supports
a conventionalist reading. The synchronization of distant clocks
within the same inertial frame is only poseible according to a
convention. This is known as the conventionality of simultaneity,
not to be confused with the relativity of simultaneity which deals
with the setting of clocks in different inertial frames. Griinbaum
follows Reichenbach's view and argues further that inter-frame
relativity of simultaneity must be understood on the basis of
intra-frame conventionality of simultaneity.

Whether or not intra-frame simultaneity is conventional is a
small, but nonetheless crucial, part of the twentieth-century's
corpus of space-time philosophy. Because this literature's breadth
is so large, an organizing framework is offered. Grilnbaum is then
situated in this framework. It is argued that he occupies a middle
position between the two major approaches to the philosophy of
space-time. This framework and subsequent placement organizes the
examination of simultaneity which ensues. Namely, it illustrates
that if Griinbaum's position collapses, space-time philosophy does
not have a middle ground. It is shown that whether or not
Griinbaum's position stands depends on his view of intra-frame
simultaneity. Consequently, Griinbaum's defence of the
conventionality of simultaneity is the main concern of this
investigation.

§2. Reichenbach's a priori, inter-theoretical conventionalism
is clearly separated from Griinbaum’'s 2a cgsteriori, intra-
theoretical conventionalism. This is done because the two thinkers
are often misleadingly equated. They are linked simply because a
particular argument, which connects conventionality and light
signals, is shared. The moral of this chapter is not only that
shared conclusions do not entail shared premises, but more
importantly, shared arquments do not entail shared approaches.

The shared argument Griinbaum first uses to demonstrate the
conventionality of simultaneity is explicated in detail. By laying
the arqument out clearly, it will be clear just how Griinbaum

modifies his conventionalism when faced by Ellis and Bowman
(hereafter, E&B.)




§3. Bridgman, who is the intellectual antecedent of E&B, is
priefly examined. E&B's arguments against the conventionality of
simultaneity are then considered. They argue that such
conventionality violates transitivity when viewed from one inertial
frame. They argue that it vioclates relativity and 1linearity
principles when viewed from more than one inertial frame. Finally,
they arque that slow-clock synchrony enables distant clocks to be
set uniquely (the setting corresponding to standard signal
synchrony). Thus, the conventionality thesis is trivial and should
be rejected.

Grilnbaum responds by elucidating implicit conventions in all
of E&B's arguments. However, in this defence of simultaneity,
Griinbaum modifies his earlier view. No longer is it solely based on
the limiting speed of light signals; it also incorporates the
thesis that the space-time manifold is metrically amoxrphous.
Griinbaum has moved further away from Reichenbach.

Ellis alone responds to Griinbaum charging that latter
misunderstood the paper. Ellis ultimately concludes that the
difference between himself and Griinbaum rests on the initial
positions assumed in the philosophy of science: realism versus
conventionalism. In his effort to strengthen the former against the
latter, Ellis makes some unfounded charges against Griinbaum.

Tt is concluded that Griinbaum can defend himself against the
charges of Ellis and Bowman.

§4. The latest of Friedman's external attacks on the thesis of
the amorphous manifold are considered. They are neither accepted
nor rejected, but are ultimately found to be inconclusive.
Consequently, Griinbaum's view is at least still plausible.

The main conclusion of the investigation, namely the call for
the end of simultaneity experiments, based on chapter three, is
further supported.

An internal critique, that of Malament, is then considered.
However, this attack, although claiming to be built on Griinbaum's
premises, incorporates conventiona. Yet, Malament's concerns are
shown to force Griinbaum to modify his own position still further.

The examination of Malament's argument leads into a discussion
of the relationships between the strengths of assumed primitives,
methodological prin iples and possible worlds. These are shown to
ultimately involve global and unverifiable propositions. I is
arqued that decisions in such areas depend upon the theory which is
already accepted. ‘

Finally, the results of this entire investigation on the
original organizing framework and Griinbaum's position in it are

summarized, and some reflections on the philosophy of space-time
are offered.
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CHAPTER ONE: INTRODUCTION

§1.1 Simultaneity: Historical Sketch

R.G. Colliﬁgwood noticed that the propositions which we
include as facets of belief function as answers to questions. This
is not terribly illuminating since it is but another way of saying
that our investigation of the world, that is, our asking of
questions, gives rise to beliefs. What is interesting, however, as
well as relevant to this study, is that these questions themselves
always have presuppositions.’ Eventually, if we keep examining the
questions we ask, we reach what Collingwood called an "absolute
presupposition."

One question wé could pose to Aristotle, Newton and Leibniz,
as well as Kant, and always receive the same answer would be: "it
is two o'clock here, what time is it over there?" In each case the
answer would be: "thelsame.“2 But if we asked our thinkers what
tiﬁe itself is, a variety of views would be offered. Thus two
questions, both dealing with time, receive quite differént
responses. The point here, and I will further illustrate it with a
brief overview of some thinkers, is that they all have a
presupposition of global time, or simultangityﬂ This presuppoéition

is a common thread running throughout the historical fabric of

! R.G. Collingwood, An Astobiography (London: Oxfard University Press, 1867).

2 Thig is taking the existence of time zones into account.



expressed views.®

As early as Heraclitus the view of time as singular emerged.
All events are ordered within this single time. "Time is a child at
play, playing draughts; a child's is the kingdom."! According to
Heraclitus, time is a name for God. There is but one deity, a
single order of events to the cosmos. It would be senseless to
speak of different orders at all let alone wonder whether two
events could be indeterminate with respect to their temporal order.

Aristotle expresses his view of time less poetically. He
agrees that there is a single time and explicitly assumes global
simultaneity. Time, Aristotle argues, is a measure of motion. Its
uniqueness, as well as universality, is expressed by regarding it
as a measure of motion in general. He simply tells us that "there
is the same time everywhere at once."®

There is a tense relationship between time and the world.
Aristotle accepts as a basis that "time is neither movement nor
independent of movement."® Time is both in and out of the world.

In essence, it has both a worldly (dependent) and other-worldly

(independent) component.

ol | say "a common thread" rather than "the common thread" aince continnity is also common
to the history of thoughts on time.

! Pdward Hussey, The Pre-Socratics (New York: Charles Scribner's Sons, 1972) 49.

5 Aristotle, "Physics", Bt;ok IV., 220°, 1-10, The Complete Works of Aristotle, ed. Jonathan
Barnes (Princeton: Princeton University Press, 1984) Vol. 2, 373.

§ Aristotle, "The Physics,” BookIV., 219, 1, For more information on Aristotle's view of time,
cf., Baa C, van Fraassen, An Introduction to the Philosophy of Time and Space (New York: Columbla.
University Preas, 1985) 11-20.
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The development and eventual emancipation from Aristotle's
view of time was a slow process which passed through several
centuries. This process came to a head under the mutual influence
of philosophical and scientific thought in the sixteenth and
geventeenth centuries. This interplay engendered a re-examination
of time which led to the fracture of Aristotle's tense relationship
between time and the world. However, new views are constructed from
particular selections and modifications of the old. Issac Newton
emerges as a key thinker in the re-construction of time.

Indeed, Newton did not emerge out of a vacuum, for hLe
appropriates Aristotle‘'s other-worldly component of time.
Furthermore, Newton's views on the structure of time are coloured
by his phygics mentor Issac Barrow and by his theological mentor
Henry More.’ However, because of Newton's enormous influence, he
is repreaéntative of the early modern recomnstruction of temporal
theory. To illustrate this reconstruction, Newton writes:

Absolute, true, and mathematical time, of itgelt, and Irom its own nature, flows equably
without relation to anything external..?

In the Principia there is no explanation of what time

is: for that,

7 For more on Newton's conceptual development, cf., Frank E. Manuel, A Portrait of Issac
Newton (Cambridge: The Belknap Press of Harvard University Press, 1968). Also cf., Max Jammer's
Concepts of Space (New York: Harper and Brothers, 1960). For example, in Jammer's text, a dialogue
o! More's is discussed which contains the prototype of Newton's bucket experiment. Newton's
dynamical explanation of this experiment lead him to postulate absolute apace and so engenders this
particular dispute (since there were many) with Leibniz, This debate over the dynamics of rotational
motion is considered crucial to the relationalist-absolutist issue even today, cf. John Earman, World
Enough and Space-Time (Cambridge: The MIT Press, 1888).

% Issac Newton, Sir Issac Newton's Mathematical Principles of Natural Philosophy and His
System of the World, orig. tr. A. Motte (1729), tr. revised by Florian Cajori (Berkeley and Los Angelea:
University of California Preas, 1966) Vol. 1, 18.
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"De Gravitatione" must be consulted.’ Although fascinating, the
views expressed in "De Gravitatione" are not of particular
relevance to us since they pertain to the substance of time,
whereas the focus of this historical sketch is the structure of
time. Newton completely removes time from the world; in other
words, he asserts its autonomy by saying that time itself flows,
and thus is not a measure of anything.'® But it is importamnt to
notice that Newton still regards time as unitary and, since
Newtonian space-time is E* x R,’ simultaneity remains intact.??
(When any point in space is asaigned a specific time value, all
other points are assigned that same value.)

Unlike Newton's selection from Aristotle, Leibniz appropriates
Aristotle's connection of time to the physical world. Although
TLeibniz modifies this connection into a causal nexus, it
nonetheless retains the golden thread of simultaneity:

Time is the universal order of non-contemporaneous things. It ia thus the universal

% Newton, "De Gravitatione," Unpublished Scientilic Papers of Issac Newton, eds. A.R. Hall
and M.B. Hali (Cambridge: Cambridge Univeraity Press, 1962).

10 That is, time is not to be thought of as predicated upon a deeper aubstratum like a wave
Upon an ocean.

11 Here B3 stands for an Euclidean three-apace while R denotes Euclidean one-apace or the
real number line. The X stands for the Cartesian product. '

12 There is nothing mysterious about the shift from speaking of Newtonian space and time to
speaking of Newtonian space-time. All that is involved here is the recognition that to uniquely specily
apoh\tweneedthreenpaﬁalcoordlnamuxdmumporﬂlthlmpmmtomtethuﬂulmaﬂmb
are the same in either way of talking and thus nothing has changed. For more information on this o
Hans Reichenbich, The Philosophy of Space and Time(New York: Dover Publications, 1858) 109113,
Also, Michael Friedman, Foundations of Space-Time Theories (Princeton: Princeton Univeraity Presa,
198%) 34. What [ have said above is about the only thing upon which these two thinkers agree.




order of change in which we ignore the specific kind of changes that have occurred.??
It is to Leibniz' credit that he was the first major thinker to
have attempted to explain (not question) simultaneity. Leibniz
defined contemporaneous; or simultaneous, events to be those which
are not, and could not be, causally connected.!* For Leibniz,
simultaneity is an equivalence relation which partitions the
universe's events into equivalence classes. The abstract order of
these clesses is time. In other words, temporal order is predicated
on causal order. Nevertheless, Leibniz harbours no doubt that there
is absolute simulténeity; hence, he joins Aristotle and Newton in
simply presuming its truth.!® This presumptisn nicely illustrates
a basic structure of discourse: in order for people to argue about
a topic, something must be held in commdn -=-and in the Leibniz~-
élarke debate this "something" was simultaneity. It was never
questioned by either side.

The next major thinker who attempts to combine these views
(although he clearly did not resurrect Arigtotelianism), is Kant.
Unquestionably, it is Kant to whom Einstein refers when he says

that philosophers hinder the progress of scientific thinking when

13 G.W.F. von Leibniz, "Metaphysical Fonndaﬂms of Mathemutlu.‘ in Lelbniz; Selections, ed,
P.P. Wiener (New York: Charles Scribner's Sons, 1951) 202. '

4 G.W.F. Leibniz, "Metaphysical Foundations of Mathematics,” 201-202.

13 Although the later Leibniz came to regard space and time as ideal continua devoild of any
internal partitiozs (anticipating Riemann's view of the non-intrinsical nature of the metric), he never
abandoned his notion of a global time and so would not have jettisoned simultaneity. For more
information on the later Leibniz cf., G.A. Hartz and C.A. Cover, "Space and Time in the Lefbnizian
Metaphysic," Noxs, Vol. 23, #4, 493-519. For more information on Leibniz' causal theory of time and
ita difficulties of., John Winnle, "The Causal Theory o! Space-Time," Minnesota Stadies in ﬂu
Philosophy of Science, Vol 8, Section 2, Foundations of Space-Time Theories.
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they wrest concepts from under mental control, that is, the
empirical domain, and place the mind under conceptual control. This
révefsal of roles is achieved by boosting concepts to "the
intangible heights of the a_priori."! Kant tries to provide
metaphysical and epistemological grounds for Newtonian physics.
Furthermore, he thinks that Newtonian mechanics serves as a type of
concrete model of his own transcendental philosophy.!’ Thus, in
particular, the Newtonian view of time is not a contingent -
empirical truth, but a transcendental ideal one. On the one hand,
‘as with Leibniz, -time is no longer something in addition to the
world. Yet on the other, as with Newton, time is absoclute; it is
not to be reduced to any other type of order. Time is under the
rubric} "pure intuition," and is “the formal a priori condition of
all appearances whatsoever."? For Kant, time, even more than
space, is the foundation of the possibility of experience, In the
final analysisg, simultaneity is fifmly entrenched in thought since
it is now regarded as a necessary component in the construction of

a coherent world picture.®

Because of the impressive empirical success of Newtonianism

16 Athert Einstein, The Meaning of Relativity, (Princeton: Princeton Univeraity Press, 1988)
§tb edition, 2.

17 Immanuel Kant, The Metaphysical Foundations of Natural Science, tr. J. Ellington (New
York: Bobba-Merill, 1970) 23. :

18 Kant, Critiqgue of Pure Reason, tr. Norman Kemp Smith (New York: St. Martin's Presa,
1965) 77.

15 Por more detail on Kant's view of simultaneity cf., Kant's Critique as well as H.J. Paxton,
Kant's Metaphysic of Experience (London: George Allen and Unwin Ltd,, 1 964) Vol 2, 284-339. Also,
van Fraassen's An Infroduction to the Philosophy of Time and Spacs, 44-52.
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and the enduring philosophical ascendence of Kantianism,
simultaneity became a silent structure in the dreams of our
dogmatic slumbers. Even Riemann, who anticipated Einstein in many
ways with respect to the nature of space and geometry, never so
much as even mentions the problem of time.?® The questioning of the
oneness of time, of simultaneity, does not emerge until the late
ninéteenth century in the work of H.A. Lorentz. While trying to
extend the principle of relativity to electromagnetic phenomena via
the contraction hypothesis, he noticed that an unusual assumption
was needed: "a new time must be used in a system which is moving
uniformly."® This new time he calls "local time." But Lorentz does

not abandon his belief in an absolute or global time.

§1.2 Simultaneity: Albert Einstein

From the preceding section it is easy to see why Einstein
writes that the "axiom of the absolute character of time, viz., of
simultaneity, unrecognizably was anchored in the subconscious. "2
But Einstein, as Putnam rightly notes, never regarded small-scale
simultaneity as problematic. Objects close together or moving at
small relative speeds are still describable in everyday terms. As

Putnam writes: "(i)n short, when Einstein asserted that we have to

3% f Riemann's dissertation "On the Hypotheses which Lie at the Foundations of Geometry,”

tr. H.S. White, A Sonrce Book in Mathematics, ed. D.E. Smith (New York: McGraw Hill Book Co, Inc.,
1973).

21 Max Born, Einstein's Theary of Relativity (New York: Dover Publications, 1962) 222.

22 A Einstein"Autobiographical Notes," Albert Einstein: Philosopher-Scientist, ed., P, Schlipp
(New York: Tudor Publishing Co., 1948) 53.
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define simultaneity and not assert it, what he meant was that we
have to repair an inconsistent notion, not throw it away

altogether."?

wWhen the absolute nature of time was presupposed, there was no
difference between the times ascribed to “"stationary" and
arbitrarily "moving" frames of reference.? However, the situation
becomes more complicated with the STR since the distinction between
intra-frame and inter-frame simultaneity now arises. This
investigation is concerned with simply the notion of intra-frame
simultaneity.

Einstein begins his 1905 paper by laying down a simple
definition of time.?* When time plays a role in our judgments,
these judgments always involve the notion of simultaneity. Einstein
tries to prevent our subjective awareness of time from blocking
theoretical access to it. The spirit of his approach is Copernican:
we must separate our theories from our direct experiences. The test
of the former is how well they explain‘the latter.

"Pime," Einstein says, is to be substituted with "the position

of the small hand of my watch."? That is, talk of time can be

replaced with descriptions of the small hand's position. This

22 Hilary Putnam, "An Examination of Griinbaum's Philosophy of Geometry,” In Mathematics,
Matter and Method (Cambridge: Cambridge University Press, 1978) Vol.1, 2™ edition, 118.
24

The term "frame’ simply means a “coordinate system." For more information df.,
Reichenbach and Friedman in their respective texts previously cited in footnote 10.

25 sppe full title of the paper is "On the Electrodynamics of Moving Bodies,” The Principie of
Relativity (Toronto: General Publishing Company, 1952).

26 Pingtein, "On the Electrodynamics of Moving Bodies,* 38.
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definition of time is not problematic as long as the events are
spatially close. To talk of the time of an event which is distant
from a clock engenders gquestions.

To begin, we may now ask: "what is a clock?" By definition, a
clock is an instrument which measures duration, or the quantity of
time elapsed. Employing.an operationalist formulation allows the
escape from begging any questions about the metaphysics of time as
well as the complicated problems of the phenomenology of time. In
essence, a clock counts periods. Periods are recognized by the
return of a system to a previous state. For example, the period of
a pendulum is simply the time taken for the bob to return to a
given position. If the bob can return n times while an event
happens, we say the event is n units long. In the case of the
watch, the small hand keeps track of the number of periods for us
and thus spares us the trouble of counting them. This concept of
counting periods is not the only way to keep time, but at least it
is not reducible to ‘spatial comparisons.?’ Counting periodic
processes is the method of modern time-keeping which employs atomic
clocks.

However, from the above definition of time, we have only time
in the neighbourhood of a watch. Unfortunately, the "immediate
neighbourhood of a watch" is a vague predicate which Einstein does
not explain but assumes as a primitive. Indeed, he tells us quickly

in a footnote that the inexactitude lurking in the simultaneity of

37 For more on clocks of, Reichenbach's Philosophy of Space and Time, 114-115 and van
Fraassen's An Introduction to the Philosophy of Time and Space, 156-157.
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nearly coincident points "can only be removed by an abstraction."?®
This parochial consideration allows him to move on. Hence we have
only time at A and time at B but no common time for A and B.
However, Einstein's next assertion, again seemingly innocuous,
sparks a huge debate over the interpretation of relativity theory.
He says that this common time "cannot be defined at all unless we
establish by definitién that the time required by light to travel
from A to B equals the time it requires to travel from B to A"
It is important to notice that this does not involve different
inertial frames, but simply spatial separation. Suppose we send a
signal from A at time t, and B receives it, according to B's clock

at t,. Suppose further that B reflects this signal back to A which

receives it at t . The definition now says that:

£y, = £, = £, = ty, (1)
If we rearrange (1) we can write the time t, in terms of the
average of the times read off A's clock:

b, =% [ t, +t, ] (2)
We have then the following question: if (1) is simply a definition,
does it follow that calculating B's time is also simply a
définition? If so, simultaneity of distant events is simply a
. choice since we could calculate B's time in a different way by
replacing the constant in (2) with another number.

The above encapsulates the isrue of intra-frame simultaneity.

20 pinstein, "On the Electrodynamica of Moving Bodies," 39,

2% Einatein, "On the Electrodynamics of Moving Bodies," 40.
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(In intra-frame simultaneity, relations of simultaneity between
clocks at rest within one inertial frame are examined. In inter-
frame simultaneity, relations of simultaneity between clocks at
rest with respect to different ipertial frames are examined. The
clocks in the latter are in rglative, uniform, motion.) To agree
that the constant above is simply chosen is to embrace
conventionalism. This is the position of Reichenbach and Griinbaum.
Other philosophers argue that it is not a case of simply choosing;
rather, there are good physical reasons for detérmining B's time
via equation (2). The question of simultaneity and the
interpretation of it has engendered diffefent interpretations of
the theory of relativity along relationalist and absoclutist lines.
Consequently, this question needs to be investigated carefully and
should not be dismissed on the basis of its apparent simplicity.
Griinbaum is of primary interest in this study. The next task
is to illustrate one way of organizing the absolutist-relationalist

debate and where he should be located.

§1.3 The nhsélutist-nolationalist Debate: The Twentieth Century
The absolutist-relationalist debate is. difficult to
characterize. Not only do the mathematical de#elopments of the
nineteenth century and the emergence of a pbssible‘ physical
realization of these mathematical structures in the twentieth open-
the doors to a variety of positions hitherto unknown, but
hiatorically perplexing questions of philosophy are also involved.

To say that the debate over space and time concerns whether they
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are real or not immediately engenders the difficult metaphysical
question of "what is real?" Circumventing this question by using
the parochial boundaries of everyday language, we can say that
Newton is a realist and Leibniz is not. This simply means that, for
Newton, space and time are part of the ontological furniture of the
world; they are just as real as the bodies which are within them.
Alternatively, Leibniz argues that talk of space and time is simply
elliptical for talk of relations between bodies. All space-time
talk can be reduced to the latter. Furthermore, it can be argued
that Einstein would be under the banner of Leibniz since in
Einstein's writings a wish for just such a reduction can be
found.

On the other hand, the debate can be organized, following
Arthur Fine, as one dealing with the approach to space and time.?
The absolutist view is characterized by regarding the entire
question of space and time as within the boundaries of physics.
Geometry and physics are‘ intertwined. Essentially, this is- a
Duhemian view. Newton and Leibniz are still opposed, but now
Einstein goes over to the absolutist camp. Einstein regarded

physics as a general investigation of our world and so would

3 For an interesting re-examination with respect to realist issues in the Newton.Lelbniz
debate in order to determine what they did -~and did not-~ agree upon, cf., Earman, *Was Le'baiz a
Relationalist? Studies in Metaphysics, eda. P, Fench and H. Wettatein, Midwest Studies In Philosophy,
Vol 4 (Minneapolis: University of Minnesota Press, 1979). For Einstein's Leibnizian views cf.
"Relativity and the Problem ot Space" Ideas and Opinions of Einstein (New York: Crown Publishers,
Inc.,1858) 375-376.

31 Arthur Fine, "Reflections on a Relational Theory of Space,” Space, Time and Gecmetry, ed.
. Suppes, (Dordrecht: Reidel, 1973) 235-237.
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include geometry within its domain. The relationalist view is that
there is a domain of questions dealing with space and time separate
from that of physics.

Fine's organization in general is advantageous for it can
avoid having to first answer the probably unanswerable questions of
metaphysics. But in particular it suffers from a defect. Fine's
framework would place Reichenbach in the absolutist camp along with
someone like Friedman who flatly rejects Reichenbach's
conventionalism. Reichenbach argques forcefully that  our
investigation into space and time must proceed solely through
science.® Hence, I suggest a modification of Fine's organization.
In light of what has happened and is happening in the space-time
debate, it is profitable to look at approaches in mereological
terms. What is going to determine the structure of space-time, the
very large or the very small? How does the whole relate to the
parts? This whole-part issue will be shown to apply to primitives
and methodological principles in the final chapter.

From Riemann comes the view that action-at-a-distance
(hereafter: a.d.) must be eradicated from geometry. Historically,
a.d. is entrenched in geometry by Buclid's view that we can assume
distant congruency of lengths. In addition, translation of lengths
is not problematic since they are preserved under transport.
Furthermore, it is assumed that the lengths of straight lines can

be immediately given. Prior to Riemann, it was assumed that only

32 of. Reichenbach, "The Philosophical Significance of Relativity,' Albert Einstein:
Phifosopher-Scientist, 310.
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curved segments need be integrated over in order to ascribe them a
length. Riemann asseried that all questions of length muat begin
with the infinitesimal domain. In fact, all investigations in
geometry must bhegin in the infinitesimal domain. In essence, what
was regarded to hold without question over finite transport (for
example, length), is now restricted to hold only for infinitesimal
transport.

Taking such considerations seriously, I modify Fine's
framework as follows: the space-time debate is to be organised in
terms of inductive and deductive approaches., Both approaches agree
that comparisons made between distant lengths is a non-trivial
issue. However, they part company when it comes to dealing with
this issue.

The deductive view eliminates a.d. by assuming a space-time
manifold, defining relations on this manifold between
infinitesimally near points, and then using integration techniques
to express relations between finitely separated points on the
manifold. A theory is then found to £fit this mathematical
structure. The theory is then engaged in empirical tests. It is
important to note that this is not automatically a realist position
with respect to the manifold. We may simply regard the mathematical
structure as a useful instrument and nothing more.”

Starting with observa.le quantities, such as clocks and rods,

3 For more information on this approach, ¢f. James L. Anderson, Principles of Relativity
Physics (New York and London: Academic Press, 1967) 127-128. Anderson explicitly says that the
question of the independent existence of space-time does not interest him. Indeed, many physicists
operate in such a fashion. Roger Penrose is another example.
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measurements are made, and then a theory to accommodate these
measurements is constructed. This is the essence of the inductive
approach. To eliminate a.d., one assumes that ﬁny distortions
occurring in the transported clcocks and rods are products of a
universal fo#ce, in other words, a force which affects all objects
in the same manner. It cannot be determined by clocks and rods and
so can be set to zero. This is not automatically an anti-realist
position. As we shall see in the next chapter, much rides on the
interpretation of these universal forces.

Weyl and Reichenbach are the founders of the
absolutist/deductive and relationalist/inductive camps
respectively. Modifications within each camp have ensued, but the
main point here is that soon after relativity theory appeared, two
main lines of its interpretation, ag well as the approach to the
problems of space and time in general, were presented.

Einstein seems to start off in the inductive camp, bt in
later years moves to the other.** Unfortunately, Einstein often
expressed himself in conflicting terms and thus it is very
difficult to say what he honestly thought. Consequently, Holton
quite rightly says that, beqause of his vacillations, all thiunkers
can "find some part of Finstein's work to nail to his mast as a

battle flag against the others."¥

3 For an excellent discusaion of Einstein's epistemological and ontological views and the

m.::; of interpreting them cf., Robert Neidort, "Is Einateir a Doaitivist? in Philosophy of Science,
30, 1963,

56 3 G. Holton, "On the Origins of Special Relativity," American Joxrnal of Physics, Vol 28,
0, 627.
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Weyl's resistance to using clocks and rods to determine space-
time structure stems from his wview that these are complex systems
of which our knowledge is quite minimal. Although they may indicate
or adjust to fields, they should not be used to define the.

Weyl argued that space-time was a real entity. Although his
views on the metric are obscure, he is clearly anti-conventionalist
with respect to the affine manifold.’ Weyl knew that every
manifold was alternatively connectable; nonetheless, he insisted
that some manifolds selected a particular connection from the
logically possible set.?’ In the manifold of nature, the affine
manifold, or, as Weyl calls it, "thé guiding field," since it is a
series of inertial trajectories on the space-time manifold, is
something physically real. Furthermore, he does argue that it is
ontologically distinct from the mass-distribution:

The guiding Held is (very slightly) disturbed by matter, just as the surface of a lake is

disturbed by steamahips cruising on it; it will.go over into the undisturbed state

described by the apecial theory of relativity when all matter disappears, as the surlace

of a lake becomes a amooth homogeneous plane when the ships ride at anchor,?®

He also wanted to remove all traces of Euclideanism from
geometry, or, “"comparison-at-a-distance," whether we are comparing

parallelism or congruence. Weyl argued that path independence of

congruence was only applicable to the infinitesimal domain.

6 1. Weyl, Space-Time-Matter, tr. HL. Brose (New York: Dover, 19532) 4" edition, 231.

37 . For more on Weyl cf,, J.A. Colta, "Elective Affinitica: Weyl and Reichenbach,’ Hans
Reichenbach: Logical Empiricist, ed. Wesley Salmon (Dordrecht; Holland, 1878). Also cf., Weyl,
Space~-Time-Matter.

38 Weyl, Philosophy of Mathematics and Natural Science, tr. Olaf Halmer (Princetons
Princeton University Press, 1949) 106. ‘
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Riemann's work, which follows Weyl's general principle of "gaining
knowledge of the external world from the behaviour of its
infinitesimal parts,"? nonetheless does not follow it thoroughly,
for it only goes "half-way towards attaining the ideal of a purely
infinitesimal geometry."® Weyl argues that there is no a_priori
reason to assume that lengths (or anything for that matter) are
preserved under transport. He argues that influences under
transport "can be found only by starting from the physical laws
that hold, i.e. from the principle of action."'* This principle
holds only in the infinitesimal domain.

Weyl's struggle to remove Euclideanism from geometry may have
been successful, but the Pythagorean theorem remains at the heart
of infinitesimal geometry. This is because the metric of the
infinitesimal domain is assumed to be given by the Pythagorean
relationship. Riemann sheared Euclid off the hydra of Greek
mathematics and Weyl sealed the neck ensuring a victory in this
battle. However, they may have lost the war since the head of
Pythagoras rears up in the infinitesimally small.

Reichenbach, on the other hand, was a conventionalist both
with respect to the metric and the affine connection. It can be

argued that his conventionalism ran through his views of topology

3 Weyl, Space-Time-Matter, 92.
40 Weyl, Space-Time-Matter, 102,

‘1 Weyl, Space-Time-Matter, 309.
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as well since he held that it, toc, was not absolute.'’ For
Reichenbach, statements about a manifold only take on truth values
after a coordinate definition has been given.* Hence, what counts
as a parallel displacement on a manifold will be determined by
these definitions. Consequently, sc too will the affine structure.
In effect, Mother Nature does not choose her geodesics, we do.
The problems of rods and clocks are not problems at all.
Universal forces, those that produce the same distortions under
transport regardless of the material composition of the moved
object, are not detectable by any means. Thus, by a verificationist
epistemology, hypothesizing them is meaningless and can simply be
gset to zero. Therefore, Reichenbach would say that "comparison-at-
a-distance” is not anything with empirical content; it does not
need an explanation, simply a definition. Acco.ding to Reichenbach,
Weyl's infinitesimal approach puts the cart before the horse.
Griinbaum fits into the Weyl-Reichenbach dichotomy as follows:
like Weyl, he speaks of the existence of the space-time continuum
as a collection of points. Furthermore, he argues against
conventionalism as applied to the continuity of this entity.

Continuity for Griinbaum has an empirical status. Suppose we argue

42 11 gection 12 of The Philosophy of Space and Time he writes that "we assume a topology
that leads to normal causal laws. Onlylnthhwaydmtheqmﬂonaboutthatopobybomoawdl-
constituted question.” (80) Causal anomalies, according to Reichenbach, would be detected inductively
at the experiential level of the phyaicist.

43 Ag a matter of fact this is the key thing that we have learned from relativity according to
Reichenbach. Consider, as he writes in section 4 of The Phllosophy of Space and Time, "(t)he
phﬂmopﬂcﬂnigxﬂﬂumo!memmyo!rdaﬁvmmhhinthﬂmmithudmmtuudm

necessity for metrical coordinative definitions where empirical relations had previously been assumed.’
15)
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against him claiming there are no empirical grounds for choosing a
geometry which postulates continuous intervals as opposed to one
which posits non-continuous ones. Rather, the acceptance of the
former over the latter follows from arithmetic considerations only.
Topology has no special status.

Griinbaum does consider this type of argument and agrees‘that
on the basis of measuring rods we cannot ascertain the continuity
of spa?e. However, he argues that continuity should be regarded as
a "broadly inductive physical framework-principle of physical
geometry."* To help support his view of the non-conventionality
of topology he employs what he calls the "acid test 6f
conv‘entionality. " This test determines whether or not a given
property may be abandoned and yet a theory with the same empirical
fit may still be constructed:

Upon applying thia test, what do we tind? No mathematically discontinuous alternative

set of theories have been ahown to be as viable as those which are based on the

continuum by demonatrating that these two kinda of theoriean must be, in prmaiple,

empirically indiatinguishable from ons another,%
Griinbaum admits that absence of evidence is not evidence of
absence; therefore, the fact that, at the present time, there is
nct a viable non-continuous alternative does not entail that there

is not cone at all. Consequently, it remains possible ~despite

Grinbaum, Weyl‘* and Einstein's' opinion of atomistic time as

¢ Adolph Griinbaum, Philosophical Problems of Space and Time (Dordrecht: Reidel, 1875)
2™ edition revised and expanded, 335.

** Griinbaum, Philosophical Problems of Space and Time, 335-336.

* Weyl, Philosophy of Msthematics and Natural Science, 45
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unintelligible- that just such a view may be constructed.®

The continuity of the manifold is a necessary condition of the
metric's absence in Griinbaum's views on space and time. Therefore,
he is also like Weyl in that the infinitesimal structure does
explain finite results. However, to go beyond asaertiné the
topological property of continuity to space-time is where Griinbaum
and Weyl part company. Griinbaum agrees with Reicheni:ach that the
affine structure, as well as the metric, is conventional. But the
.affinity between Griinbaum and Reichenbach lies in some of their
conclusions, not premises. Because Griinbaum does have ontological
considerations in his arrival at the conventionality of congruence,

he is susceptible to empirical results.

§1.4 The Problem: Griinbaum's Situation

The debate over the conventionality of the metric of space-
time is a large one. What I wish to examine here is a smaller, but,
as we ahall‘ see, closely connected matter: the debate over the
conventionality of simultaneity. I will show how this debate ties
into the largei' one. Furthermore, I will examine this debate within
the context of special relativity. |

Griinbaum maintains that the STR rests on a relafionalist view

of space and time. Prior to the construction of a coordinate

47 Einstein, The Meaning of Relativity, 165-168.

48 Taking the risk of being drawn down Feynman's drain when asking *how can the world be
like that? on the basis of quantum mechanics, the results of the Stern~-Gerlach expariment do suggest
that apace may b quantized. For more on this experiment cf.,, R.LG. Hughes, The Structure and
Intespretation of Quantum Mechanics (Cambridges Harvard University Press, 1989) 1-8,
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system, it is the physical objects and events which are used to
define points and instants. From this definition, one can construct
a system within which other objects and events can be located. The
more important issue I will examine here is Griinbaum's view of
time. He says that the STR also rests on the existence of temporal
relations between non-coinciding objects being a function of some
physical relation between these events. Consequently, if there is
no physical relation between two events, they are not connectable.

Hence nothing should be said about their temporal order. Griinbaum

writes:
In brie!, Einstein's innovation is that the physical relatedness which makes for the very
existence of the temporal order has a structure that preciudes the existence of
objectively and uniquely obtaining relationa of metrical simultaneity. Thus, the failure

of our measuring operations to disclose relations of absolute simultaneity is only the
epistemic consequence of the fact that these relations do not exist,$?

Clearly, if a method could be devised which establishes
simultaneity between two distant events then not only would
Griinbaum's conventionalism fail but his limited realism that
endorses only a topological structurs would be jeopardized as well.
If distant simultaneity were known, a method to establish
congruences of distant intervais could be constructed. Finally, if
conventionality of intra-frame simultaneity fails, Griinbaum's view
of inter-frame simultaneity collapses as well. Consider Griinbaum's
connection of the two types of simultaneity:

The resulting conventionality of metrical simultaneity does furnish the logical
framework within which the relativity of simultaneity as between relatively moving

4  Griinbaum "Reply to Hilary Putnam’s "An Examination of Grinbaum's Philosophy of
Geometry,” Geometry and Chronometry in Philosophical Perspective (Minneapolis: Univeraity o!
Minnesota Preas, 1968) 93.
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inertial system can first be underatood.®°

Ellis and Bowman arque that they have such a method, the
synchronization of clocks by slow-clock synchrony. They argue that
their method can reduce the conventicnality of simultaneity to a
trivial result.

The outline of my project is as follows: chapter two will
begin with the separation of Reichenbach's verificationist
conventionalism from Griinbaum's bridled conventionalism. This
distinction is important since the two views are often spoken about
interchangeably, and this conflation is very misleading. The
chapter will conclude with an explication of Griinbaum's early
position on simultaneity which provides background for illustrating
how his view shifts in later discussions.

Chapter three commences with an explication of what Ellis and
Bowman call slow-clock synchrony and how it supposedly refutes (or
at least trivializes) the conventionality of simultaneity thasis.
Then there will be an examination of Griinbaum's response. Finally,
Ellis’ reply will be considered. I will argue that Griinbaum can
defend himself against Ellis and Bowman. But, as we shall see in
detail, this defence relies intimately on his wview of the
metrically amorphous nature of the space-time manifold as well as
fundamental epistemological attitudes towards explanation.

The final chapter will begin with some possible extrinsic

attacks on Griinbaum. In particular, I will examine some objections

%0 Grinbaum, "Reply to Hilary Putnam's ‘An Examination of Grinbaum's Philosophy of
Geometry,”™ 83.
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to his view of the metric. In essence, I will argue that the status
of the metric is still an unresolved issue. Then I will offer what
I think to be the main conclusion we should draw with respect to
simultaneity experiments. This conclusion is the moral of §3 and
further support will be offered. This will lead me into examining
a very different, that is, an intrinsic, type of attack on the
conventionality thesis led by David Malament. The unearthing of the
metaphysical presuppositions of Malament's argument will help
support my view of simultaneity experiments by showing the intimate
connection between primitives, methodological principles and the
possible worlds entailed by accepted theories. In addition, I will
examine how Malament's argument affects Griinbaum and what the
latter would have to do to defend his position. The ultimate point
of this entire investigation into simultaneity is to reveal that
the positions taken with respect to such a simple topic as intra-
frame simultaneity lead very quickly, and very deeply, into

metaphysics and epistemology of science.
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CHAPTER TWO: CONVENTIONALISM AND SIMULTANEITY

§2.1 Conventionalism: Reichenbach and Griinbaum!

From Augustine's eventual converging of the city of man with
the city of God, through Vico's view of repetitive patterns, and on
-to the emergence of the Hegelian Absolute, the search for a pattern
in history dominates the thought of many Western philosophers. we
can find a pattern of relationships between philosophy and science
that plays itself out in Kant-Newton and Reichenbach-Einstein. As
outlined earlier, Kant, in a sense, reqgarded Newton's mechanics as
a realization of the critical philosophy. Reichenbach, ‘too,
regarded Einstein's theories as a type of model of his
epistemological discoveries.?

While Xant transformed Newton's space and time into pure a
priori intuitions, Reichenbach thought that Einstein's space-time
illustrated the a priori character of coordinate definitions.? Like
Kant, Reichenbach argques that there are a priori conditions of the
possibility of  science. Unlike Kant, Reichenbach's a priori
conditions are not Previously fixed but are arbitrarily chosen.
However, once chosen, they become the rigid framework upon which
incoming data is organized. Reichenbach's attack on a_priorism is

not against it per se, but against Kant's a priori view of

! This particularsection developa ideas in Laurent A. Beauregard's article, "Reichenbacl, and
Conventionaliam,” Hang Reichenbach; Logical Empiricist, 305-320. :

- ? of. Reichenbach, "The Philosophical Significance of Relativity," 285, where he refers to
relativity theory as the model cage of his theory of equivalent descriptions. :

* Reichenbach, Philosophy of Space and Time, 176-177,
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Euclidean geometry and causality, since possible experiences which
would entail contradictions between these categories can be
constructed. Hence, they cannot both be a priori. Nothing bears
this property unless we say so. But, the fact remains that
according to Reichenbach we must choose certain principles and so
build a framework which is then treated as a priori. This framework
is immune to empirical refutation.' This privileged s_tatus. is
pecause the conventionalism of Reichenbach (which differs from
Grilnbaum's) arises out of logical cor:iderations.

Berkeley tells us that esse est percipi, and Reichenbach would

esaentiai;g agree; however, this so-called agreement needs to be
qualified. In his work on quantum theory, Reichenbach argués that
whatever unobserved ocbjects do is unknown to us.® Whether they
exist as usual, lapse into nothingness, or mitate in various ways,
is something we are logically prohibited from knowing.
Consequently, we must employ what Reichenbach called an
nextensional rule." In this case the rule says thét *"uncbserved
objects behave as observed cnes.” Reichenbach agrees with Berkeley
that it is not necessary to postulate external objects, but
emphatically disagrees with the latter's attempt to locate all
within the mind. Furthermore, for Reichenbach, it is most probably

-but not necessarily- business as usual with unobserved objects.

{ For more detail on the similarities and differences between Kant and Reicheabach cl.,
Friedman's Foundations of Space-Time Theories, chapter 1.

5 Reichenbach, Philosophic Fomndations of Quantum Mechanics (Berkeley and Loa Angelest
University of California Press, 1848) section 5.
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Thus, how we talk of these unobserved objects is the product of a
convention.

Analogously, Reichenbach adopts conventionalism with respect
to spatial and temporal talk. Is the standard metre in Paris really
a metre? This question cannot be answered by more refined measuring
techniques since the bar in the vault is arbitrarily defined as the
metre. There is no ontological property "...is a metre." Does the
length of a rod change in transport? Again, no measuring techniques
will tell us. If our measuring rods change over distance as well,
all we know is that a rod at position P, has length X and it has
length X at P,. We cannot infer anything further so we define the
length of the rod at both positions to be the same. In the domain
of space and time the conventionalism stems from the fact that it
is logically impossible either to compare distant lengths or
different periods.® The same approach applies to measuring lengths
of moving bodies as well as defining when something is at rest.’

We may argue that this problem of measurement is an empirical
impossibility since it is physically'impossible to compare the
separated rods at once. But the point still stands: performing more
and more technically sophisticated experiments does not circumvent
these concerns. Some will simply argue that these are trivial
concerns and it really does not matter whether or not they can be

circvmvented. This we shall see more of in §3.

¢ Reichenbach, Philosophy of Space and Time, 20 (lor lengths) and 118 (lor perioda).

7 Reichenbach, Philosophy of Space and Time, 219.
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The conventionality of simultaneity arises for Reichenbach via
the same type of issue, that is, logical impossibility of
verification. Consider the heart of his argument with respect to
intra-frame simultaneity:

To determine the simnltaneity of distant events we need to know a velocity, and to

measure a velocity we require knowledge of the simultaneity ol distant events. The

occurrence of this circularity proves that simultaneity is not a matter of knowledge, but

of a coordinative deMnition, since the logical circle showa that a knowledge of

aimultaneity is imposaible in principle.?

The impossibility of comparison-at-a-distance, whether in
space or in time, is the life-blood of Reichenbachian
conventionalism. Because this is a logical problem, he thinks,
nothing more need be said. Relativity theory merely illustrates
this epistemological result by providing instantiations of
conventionalism in action. Consequently, it comes as no surprise
that Reichenbach frequently insists that his epistemological
results stand even if relativity theory falls.®? Thus, there is an
even stronger sense to Reichenbach's a priori than Kant's since
Reichenbach's model could collapse without crippling his
epistemology. It is extremely doubtful whether Newtonian physics
could tilt at windmills without severely damaging Kant's

epistemology.’®

® Reichenbach, The Phllosophy of Space and Time, 126-127,

¥ of Reicheniach, The Philosophy of Space and Time, 185, 133, 176, 177. Also, Relchenbach
insista that the problems of space and time are not unique. Conventionaliam is a oniversal
characteristic of all human knowledge. (288)

19 Kant's torms of pure intuition have only Euclidean content. Furthermore, Kant regards
mathematics without an application as meaningless, Were Newton's Euclidean model to collapse, we
would be unabla to conatruct a meaninglul representation of the world. On the other hand,
Reichenbach's necessary coordinate definitions have no content whatsoever. Were Einstein's
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Griinbaum wants to avoid verificationism.!*® He does not
subscribe to general conventionalism, but only conventionalism
within a theory. In essence, Griinbaum endorses less holism than
Reichenbach; each theory must be investigated on its own as to if,
and where, the fact-convention line should be drawn. Consequently,
he rejects both the thesis that the fact-convention line can never
be drawn, and the thesis that the line is ubiquitous within human
knowledge. Griinbaum considers both theses as far too general.

The problem of comparison-at-a-distance also arises for
Griinbaum. However, he wishes to explain it by a physical theory
rather than simply leaving it as a logical problem. Conventions for
distant spatial and temporal measurements are needed because space-
time is asserted to be a smooth continuous manifold. Continuous
manifolds, acceording to the early, cloudy intuitions of Riemann and
the later, more clarified thoughts of Cantor, posaess no intrinsic
metric. (Cantor distinguished between dense, non-denumerable
manifolds and dense, denumerable manifolds whereas Riemann did
not.) Two separated intervals are ascribed lengths only by the
introduction of an external metric. This is because the
cardinalities of the continuum-slices are the same, thus, whether

or not they are to be called "the same length" is a convention. The

Riemannian model to collapse, we would atill be able to conatruct a meaningful representation of the
world.

11 Griinbaum, speaking in Thomistic pariance, regards veriticationism as a conflation of the
order of knowing with the order ol being, For his attack on verificationiam, cf., "Operationaliam and

Relativity," The Validation of Scientific Theories, ed. Phillip G. Frank (Boston: The Beacon Prens,
1956) 84-94,
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conclusions, then, are the same as Reichembach's, but clearly the
approach is not.

Griinbaum tries to clean up Reichenbach's metaphors.'’ In The

Philosophy of Space and Time, Reichenbach spoke of distortions in

the length of transported rods by universal forces. Griinbaum says
that we should not impose a literal interpretation on these forces
gince all talk of length alteration is predicated on the existence
of an intrinsic metric, which as we have seen, Griinbaum rejects. If
we say that a rod at space-time location A is of length X} what are
we really saying? BAccording to Griinbaum, we are saying that
according Lo our imposed metric, the distance between the endpoints
of A is X. To speak of the rod's length distorting under transport
due to universal forces should be interpreted as simply replacing
one imposed metric for another.® There is no "objective length"
to the rod in the first place; hence, there is no "objective change
in length" under transport. Consequently, we should not think of a
real physical force inducing distortions in objects.

In general, to focus the split between the two thinkers,
consider Griinbaum's remarks:

With respect to particular physical theories, 1 asserted in earlier writinga the

conventional status of congruence in apace, time and space-time, and «f asimultaneity.

It has been mistakenly thought that these particular claims of mine can be construed

as mere instance --pertaining to the particular theoretical terma "spatiaily congruent’,
"temporally congruent’, "spatio-temporally congruent’, and "distantly simultaneous”«=-

12 sClean up" itself is metaphorical for "shift from verificationist lines." As we ahall see,
Griinbaum wants to give an ontological grounding for why Reichenbach should be read as saying
universal forces are metaphors. This may ultimately be a more philosophicalty satiafring way to read
Reichenbach, pince it divests him of problems with verificationiam; however,I doubt that Reichenbach
himaelf intended his work to be read in this way.

. 13 Griinbaum, Philosophical Problems of Space and Time, 84-8S.
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of a quite general thesis which some philosophers have asserted alike for any and every

theoretical term and for every physical theory. [But] ...I would deny the conventionality

of the corresponding ascriptions o! congruence and simultaneity, if certain other

physical theories were held to be true.!$
Consequently, if alternative non-continuous mathematical
representations could be developed, conventionalism with respect to
separated intervals would break down. Furthermore, if relativity
theory fails in particular, so too does the conventionality of
simultaneity. Conventionalism is not a general thesis. If, for the
sake of illustration, Einstein were wrong and Newton right,
simultaneity would not be conventional for Griinbaum whereas it
still would be for Reichenbach.?®

The conflation of Reichenbach and Griinbaum rests on inferring
from their common conclusion back to a common argument. Thia is a
false inference as we have seen. Interestingly, Griinbaum himself
. appears to make this inference, since he regards his approach as
being within a "Reichenbachian tradition."!® This is no problem
as long as the distinction articulated above, as well as in §1.3 is
kept in mind. |

A more 'detailed investigation of the eimilarities and

differences between these two thinkers is not necessary to this

project. The primary point is to firmly establish the difference

4 Griinbaum, Philosophical Problems of Space and Time, 451,
15 82.3.2.1 shall illustrate this remark In detail.

16 Griinbaum, Phifosophical Problems of Space and Time, 561, Also cf., 5567 where he refers
to Reichenbach's views as arising out of *intrinaic facts.” It in difficult to know what exactly this means,
but itis false if Griinbaum means "properties of a continuous manifold,” since [ (ss well as Beastregard),
have not found any place where Reichenbach speaks in this fashion.
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between Reichenbach's a priori, inter-theoretical conventionalism,
and Griinbaum's a posteriori, intra-theoretical conventionalism. T

will now focus on Griinbaum's view of intra-frame simultaneity.

§2.2 Simultaneity: Adolph Griinbaum

In order to set the stage for the discussion in the next
chapter, it is necessary to present Griinbaum's view of intra-frame
simultaneity as he constructs it in the original edition of
Philogsophical Problems of Space and Time. This articulation of his
views will illustrate what presuppositions he has with respect to
simultaneity and what he does when they come under attack by E&B.

The views to be examined in this section are: the constitution
of time relations by physical relations; the absoluteness of
topological simultaneity; and the conventionality of metric
simultaneity. The 1limited restriction on the definition of
simultaneity by topological considerations is the heart of.
Griinbaum's "bridled conventionalism." This conventionalism arises
out of ontological considerations, not logical ones.

Recall that in §1.2 we noted Einstein as saying that we have
defined a time only for A and one for B but are lacking a common
time. How then do we achieve this common time? Again, recall that
Einstein regarded this common time as merely the result of a
definition. But as van Fraassen rightly points out, definitions are

not created ex nihilo, for even a stipulative definition may have
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factual presuppositions.?'

Griinbaum argues that the STR, in opposition to Newtonian
mechanics, assumes a relationalist conception of space and time.
For prior to the construction of any type of coordinate system in
which to speak of space and time, it is physical things and events
which define points and instants. These points and instants can
then "constitute the spatial and temporal loci of other physical
objects and events."!®* Secondly, events are ordered according to
the "obtaining of some physical relations between them."!’ But,
what are these physical relations? This is the starting point of
the whole debate over simultaneity, which will be made clear
presently.

If every pair of events, Grilnbaum says, is unambiguously
ordered, then there would be an absolute femporal ordering. Select
any two points, L and M, then specify an event at L, say L,. There
would be one and only one event M, simultaneous with L, and this
would be acknowledged by all possible observers. But, is there any
physical basis for this simultaneity? If we could use transported
clocks to establish distant simultaneity then there would be no
problem. However, in an Einsteinian universe clocks are not well-
behaved under transport. The STR argues that moving clocks

experience dilation, hence, clocks synchronized at L &ind moved

17 van Fraassen, An Introduction to the Philosophy of Time and Space, 75-76.
® Griinbaum, Philosophical Probjems of Space and Time, 545,

19 Griinbaum, Philosophical Problems of Space and Time, 548.
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along various paths and velocities to M will no longer be
synchronized. The question now becomes, which clock should be used
to establish simultaneity? There is no way to make a consistent
choice, since depending on the clock chosen, L, and M, would or
would not be simultaneous. Griinbaum writes:

Hence, this dependence on the particular clock used prevents transported clocks from

delining relations of absolute simultaneity within the class of physical events, And it

also prompted Einatein to deny that even within a single inertial aystem, the physical

baais of the simultaneity of two spatially separated events E and E’ can be constituted,

in part, by the reading produced by clocks..[in transport]?°

It is the next paragraph that provides more of Griinbaum's
ontology. He tells us that the failure of transported clocks to
define a relation of absolute simultaneity does not entail that
these separated events are not physically related at all. These
separated events can "sustain physical relations of one kind or
another only in virtue of the presence or absence of some kind of
actual (or physically possible) physical linkage between them.?
What links the events? Griinbaum says that it is a causal chain of
which the events are the termini.

Griinbaum's key assertion is that events can sustain a temporal
relation if and only if they are causally connectible.?” In other
words, given two events, it is either the case that a signal

connects (or could connect them) or not. If they cannot be

connected, they have no temporal ordering. In other woids, which

20 Griinbaum, Philosophical Problems of Space and Time, 347,
21 Griinkaum, Philosophical Problems of Space and Time, 347,

22 ag we shall see in the conclusions, to hold absolutely to this assertion will tend to force
Griinbaum into a atrong verificationiat position which he tries to avoid.
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event is before or after the other cannot be determined. For

clarification, consider the following diagram:

E.

E Es
Ey

Ea whky Wha

Suppose we have two events, E, and E,. Suppose further that we
send our fastest signal (light) from E, to E, where it is reflected
back to E_. WL, is the world-line which contains the events E,, E,
and all events between them. WL, is the world-line containing E,.
No other signal leaving E, could reach WL, quicker. In terms of the
diagram. the faster the signal the more horizontal its trajectory
becomes. We can say that E, is between E, and E,. However, to say
anything more about the location of E, has no physical basis since
it is physically impossible for there to be any causal link between
an event within E,E. and E_. Note that this is a physical fact, not
a logical impossibility of verification.?® .

Because the temporal continuum is continuous, EE, has a non-
enumerable cardinality, hence, E; is topologically simultanecus
with an X, of (possible) events. Furthermore, topological
simultaneity (TS) is not transitive since:

E, is TS to E,

and: E, is TS to E
but not: E, is TS to E®

. 2* Reichenbach says all this about signals in his work as well. The point here is that the
limiting speed of cansal connectibility f9 the basis of slmultaneity for Griinbaum., When Griinbaum
considers a Newtonian universe in §3.3.2.1, simultaneity is no longer conventional. On the other hand,
Reichenbach would atill assert it to be conventional due to logical considerations. '

2% This is the result of their causal connectibllity,
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Griinbaum, as we have seen, rejects conventionalism with
respect to topology. In the STR, E, and E, would be regarded as
being connected by the fastest possible signal regardless of the
relative velocity of a possible observer's inertial £rame.
Consequently, no inertial observer could observe a "collapsed
triangle” such that B, temporally coincides with E..** The reason
for this is that the clock, call it Q, which is on world line WL,
is, in its own reference frame, motionless} and will regard E, énd
E, to be temporally disparate,.yet'spatially coincident. Q will
therefore, by the STR, give not simply a one-dimensional femporal
measurement, that is, a time difference, but a four-dimensional
space-time interval.?® Another inertial observer, Z, would say that
Q undergoes dilation by a factor of:
(B is the relative velocity of the frames divided by the speed of
light) 'and that the temporal separation is in fact (according to
Z's clock), larger. However, all observers other than Q would need
to factor in a spatial separation of E, and E, and would still
arrive at the same result for the space-time interval. The
important point is that Q measures the smallest temporal separation
of E, and E_,. Consequently, 'all observers would observe some

temporal separation. This separation (topologically speaking) is

25 Although clearly in the reference trame of Q, E,and E_ are .-;paﬂa.mr coincident.

2% | say "a temporal measure’ since these are not invariant in the STR. Each obeerver will

claim a different temporal interval between E, and E , ail will concur with respect to the space-time
interval,
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absolute, although its numerical value (metrically speaking) is
not. All observers would agree that E; is located between E, and E_.
Thus, for Griinbaum, topological simultaneity is not conventional.
The conventional issues with respect to time parallel those of
space: they arise only when we attempt more precise descriptions by
going beyond topological considerations into metrical ones.

The determination of which event along EE, is metrically
simultaneous with E, is simply a convention. This is a physical
result of the physical fact that no signal can connect events
belonging to the open interval EE, to event E,. To use
Reichenbachian parlance, the events on the continuum E,E, and E, are
indeterminate with respect to time order.

To package the conventionalist view with respect to
simultaneity, consider what follows from Einstein's claim that the
common time is simply defined. Recall equation (2) which says:

tyy = [ ta t Ey )
We can perform a little algebra to arrive at:
b = by v ED Y, -t ]
We can express conventionalism in the formulation:
t,, = t, +el t, -t where: {e/ecR,0<e<1}? (3)
(3) encapsulates the conventionalist position with respect to
intra-frame simultaneity. Griinbaum writes:
This freedom to decree definitionally the relations of temporal sequence merely

expresses the objective indeterminateness of unique time relations between causally
non~connectible events; and, of course, such freedom can be exercised only with respect

27 his ia Reichenbach's notation, cf, The Philosophy of Space and Time, 127.
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to such pairs of events,??

Griinbaum then goes on to consider a number of objections to
conventionalism. To examine all of his responses is beyond the
scope of this investigation. What I do want to examine is briefly

mentioned by Griinbaum in connection with the work of P.W. Bridgman.

Bridgman's A Sophisticate's Primer of Relativity, is the source for
slow-clock synchrony upon which E&B build. A brief description of
Bridgman's view will set the context for E&B's attack since their

weapon was originally cast in Bridgman's forge.

28 Griinbaum, Philosophical Problems of Space and Time, 353-354,
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CHAPTER THREE: SLOW-CLOCK TRANSPORT

§3.1 Transported Clocks: Bridgman

Bridgman describes a method which wil)l provide a unique
calibration for distant clocks. Transported clocks indicate their
transport time (proper time) and can measure their velocity. To do
so, a moving clock releases a tape measure, compares distances and
times, and arrives at a velocity measurement. We then calculate the
differences between various clocks and a particular clock, perhaps
the clock with the least self-measured velocity. We will call the
reading on this slowest clock c,. We have n other clocks
[C,C reeerCirenesC] which are transported at various speeds along
the same path from A to B in the inertial frame. The STR tells us
that the slower the clock moves from point A to point B within an
inertial frame the less time dilation it suffers. For the
transported clocks the time differences to be examined are given by
¢,-c,. As the speed, v,, of the clocks increases, c, decreases,
hence, the difference c,-c;, increases. Since the clocks are moQing
inertially, a graph of ¢-c, will be linear. Thus, we can
extrapolate from the graph to get the value of c,-c, when v, is
zero., This limit is the value of the difference between the slowest
clock and an infinitely slow clock. Consequently, we can correct
all our clocks for time dilation and thus arrive at a unigque time
for B.

Bridgman, however, says that although one can devise different
methods for determining distant simultaneity and so determine e=lk,

"nevertheless the decision to use one or the other method is a
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decision in our control, involving a corresponding definition of

distant simultaneity."? But E&B argue that slow-clock transport
actually demonstrates the falsity or triviality of the view that in
the STR the simultaneity of distant points includes an important
conventional ingredient. |

Bridgman asks, before he speaks of ascertaining simultaneity,
what we demand of spreading timé through space.? That is, when we
try to assign a temporal value to a spatial distribution of points,
what are our minimal demands with respect to our methodology? This
is an extremely important question and will lead into some central
questions of the epistemology of science.

For Bridgman, there are two important considerations: first,
the method of spreading time through space must be describable.
Second, this method must yield unique values for distant clocks.

Gfﬁnbaum, in the epilogue to Bridgman's work, arques that
these are necessary but nbt sufficient conditions for a physically
acceptable criterion of simultaneity. It cannot be encugh to say
that distant events are simultaneous simply because a physical
procedure assigns the same time value to them. It should also be
the case that there are physical grounds which say that one cannot
- assign different time values £o them.? This point is crucial and

will be developed by Griinbaum in his defence of the conventionalitf

1 P.W. Bridgman, A Sophisticate’s Primer of Relativity (Middletown: Wesleyan University
Preas, 196%) 67. .

? Bridgman, A Sophisticate's Primer of Relativity, 58.

 Bridgman, A Sophisticate's Primer of Relativity, 184,
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of simultaneity against E&B. With these issues in mind, E&B's view

of slow-clock synchrony and its ramifications will be examined.

§3.2 Transported Clocks: Ellis And Bowman
Their paper, "Conventionality in Distant Simultaneity," will

be examined in detail here.

§3.2.1 ew¥ In One Inertial Frame
The main idea of this section is that E&B agree that esl is

possible. Their first section begins by listing two empirically

acceptable principles.*

(I) Two-way light principle:

--for any two spatially separate points of the same
inertial frame, the average round-trip velocity of
light is a constant. (This conatant, denoted by c, is
the two-way velocity of light.)

(II) Transitivity of synchrony:

--for any three spatially separate clocks A,B and C, of the
same inertial frame, if A is synchronized with B according
to standard signal synchrony, and B with C according to
standard signal synchrony, then A and C are also
simultanecus by the same condition.

Standard signal synchrony:
--given two spatially separated clocks C, at A and C, at B of
the same inertial frame K, they are in standard sfgnal
synchrony if and only if: t, - t, = s/c.?

To say e=%, presupposes that the one-way velocity of light is

4 PBrian Ellia and Peter Bowman, "Conventionality in Distant Simultaneity," Philosophy of
Science, 34, 1967, 117. '

5 Where: t,: departure time of signal from C,
t: arrival time of aignal at C,
s: distance between C, and C,
c: one-way velocity of light
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c. Dropping this presupposition, ¢ is not necessarily % and the
ocne-way velocity of light, c,;, becomes a function whose domain is:
the distance from A to B, the direction of B from A, and A's
position in K.
To explicate E&B's assumptions, since they assert (3) but do
not show it, we have:

Average Velocity = (total dist/total time)

= ._%A_L=c (1)

AB_BA
Cha+cxn

(1) entails:  —2- + 2 =2 (2)
Cw Cm C
(2) entails: Eatem=1 (3)

Where: & ,u- %(—9-], e ms%{—c—)

From (3) there is a restriction that ¢, must be less than one and
more than zero. If ¢,<0, the signal would arrive at its target
earlier than its emission time. (This is rejected as absurd.) If
¢,.=0, the signal would take no time to travel the distance AB.
(This is ruled cut by the STR.) If ¢, >0, the reflected signal would
return earlier than its reflection time. (This is rejected as

absurd.) This restriction is referred to as the "topological

condition for light" and is always assumed to hold by all
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participants in the debate.

What E&B proceed to do is use principles I and IXI to derive a
three-way light principle. This principle must be satisfied by all
synchronizations otherwise "the light signal relationships between
the clocks of our system would not be transitive, and hence would
not define a relationship of synchrony."®

The last derivation of the section is that of a non-standard
synchrony. They then state their conclusions:

We conclude that at least one kind of non-standard signal aynchronization of the clocks

of any inertial system is posaible, and that it is sufficiently characterized by specitying
the value chosen for ¢ , and the direction for which ¢_ is assigned this value,’

Thus, it is possible to have ewk according to E&B. But, as they go
on to remark, there is a method by which we can determine ¢ for any
direction. Consequently, the main point in this section is that
even if we can argue for gw»¥%, what in fact e should be set to is an
empirical issue. If that is the case, then conventionalism is
misguided.

Having admitted e=»% as a possibility, E&B try to impose
further restrictions on the choice of e. According to the
conventionalists, to say e=% is simply to make a choice: a choice
which is governed solely by conaiderations of descriptive
simplicity. This type of simplicity only deals with how laws are
written. It has nothing to do with truth. For example, changing

coordinate definitions modifies the appearance of the laws;

¢ Eilis and Bowman, "Conventionality in Distant Simultaneity,” 119.

7 Ellis and Bowman, "Conventionality in Distant Simuitaneity,” 121.
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however, this does not mean that the new laws are "more true." The
analogy between descriptive simplicity and choosing metres or feet
for expressing laws is often stressed by conventionalists. E&B take
Griinbaum to task for pushing this analogy too far. They agree that
a switch from metres to feet will not change the forms of
expressions of physical laws. But they arque that employing
different values of e certainly would. Consequently, to use
different values of ¢ in different frames is to violate the
principle of relativity which is an empirical principle. Hence,
conventionalism, once again, is misguided.

However, bringing in arguments from relativity principles
gerves to complicate matters. The amount of spilled ink over the
formulation of such principles, namely the strong principle and the
principle of equivalence, not to mention Mach's principle,'
indicates how complicated this quickly becomes.

The principle of relativity has two basic forms: the strong
and the weak. The former is associated with Poincaré and declares
it impossible to determine absolute motion between irertial frames.
Given two rectilinearly moving frames, we cannot say which is truly
in motion. Furthermore, the strong form rules out any difference in
quantitative measurements between inertial frames. For example,
suppose an object, O, is at rest in inertial frame, F,, and then at
rest in another frame, F,. The lengths of O measured in both frames
would concur. The weak form is mostly associated with Einstein
(although he did sometimes employ the strong as well). This form

declares that the expressions of laws must be invariant with
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respect to inertial frames.® E&B claim that gevd violates both forms
of the principle. In sum, ewy would cause a change in the
expressions of laws, thus violating the weak, and would lead to
problems with the étrong when relative frames are at issue. This

latter violation of the strong form will be examined in the next

section.

§3.2.2 gv¥% In More.Than One Inertial Frame

In this section as in the last, E&B agree that ewk is
possible. In this case, they are looking across inertial frames to
support their view of e=% for a single frame. E&B's basic strategy
is to demonstrate how choosing ¢ as anything other than )% for a
single frame entails difficulties when dealing with other frames.

It is necessary to impose the condition of linearity when
examining more than one inertial frame. Theoretically, the
condition ensures that Newton's first law holds in all £frames.
Experientially, it asserts that if an observer sees a uniform
straight line motion in his or her inertial system, all other
inertial observers will concur.’ Without this principle:

we should either have to have different laws of motion for different inertial systems (or

a mingle law containing system-dependent conatants) or allow that there may be
universal forces whose magnitude is a function of the inertial system in which they are

® For more information on the variations of the principle of. G.H. Keswanl, "Origin and

Concept of Relativity,” in The British Journal for the Philosopliy of Science, Part I: Vol. 15; Part It
Vol. 18; Part III: Vol. 17; 1968.

% Ellis and Bawr an do niot note Lils, but there will be one inertial frame that regards the
motion as non-existent. ‘“hia is not a probiem since the tirst law will not be affected as the body is at
rest in thia system. The :nain point 3 that no inertial chservers will observe non-inertial motion.




48

measured.’®
To illustrate the poseibility of ew) in more than one frame, E&B
consider coordinate transformations between two inertial frames K
and K' whose relative motion lies along a parallel axis. (The
common axis is assumed for the sake of simplicity.) No assumptions
are made about the relation of v (the non-zero velocity of K' with

respect to K) and v' (the non-zero velocity of K with respect to

K'.)
i
® c_: one-way velocity of light
along the positive x axis as
K k! determined by K.

S e c_,: same but determined by K'.
* common line of motion
The coordinate transformations are given as follows:

x'= ¢y (x - vt) (4)
X = .Yl (xo_ v.t!)

Through some algebraic manipulations E&B reproduce the result known
as McPhee's theorem.?

ol _i_= '
2(v4+v] c+e 1 (5)

This equation, coupled with the principle of the reciprocity of
velocities, that is, v = -v', almost, as E&B themselves write,
entails e=%, To unpack the "almost," congider that, if reciprocity

holds, then (1l/v' + 1l/v) = 0. Consequently, we have:

1% piiis and Bowman, "Conventionality in Distant Simultaneity,” 123,

1 Here e='A(c/c ) and &'=t%(c/c, ).
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e +e' =1 (6)

But suppose we add a third frame, K", to our story. We then have

the following system of eguations, providing we adhere tc McPhee's

theorem and the reciprocity of velocity.

g + ' =1
g + e" =1 (7
g'+ g" =1

Solving this system gives e = ¢'= g"= %, E&B then state: "the

conditions_of linearity and reciproecity of relative velocities can

both be gatisfied onlﬁ if the clocks of all inertial systems are in

standard signal synchrony."!* To keep e#k requires the abandonment

of reciprocity. Consequently, Griinbaum, as well, is in violation of
the strong principle of relativity, since by McPhee's theorem
different values of e¢ for different systems would entail system-
relevant velocities of light for frames; in that case, we would be

able to distinguish between frames.

§3.2.3 The Conventionality Of Simultaneity

Following the misleading view which, as argued in §2.1, must
be approached cautiously, E&B place Reichenbach and Griinbaum into
the same camp. The quotation that E&B cite to justify this move
does not have the force to do this type of work. This quotation,
essentially the circularity argument of Reichenbach'’'s with respect

to distant simultaneity and velocity measurement, is used by

12 pifis and Bowman, "Conventionality in Distant Simultaneity,” 124,
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Griinbaum to refute Whitehead's view of simultaneity.'® Griinbaum's
conventionalism, as argued in §2.2, stems from the limiting speed
of light. However, he has a vested interest in defending
Reichenbach as well since, as noted earlier, his own program is an
attempt to clean up Reichenbach's metaphors. Any notion of a "true®
simultaneity would severely damage his interpretation of the STR’s
philosophical foundationms.

Reichenbach and Griinbaum both consider, and reject,
transported clocks as able to define distant simultaneity. They
reject this procedure because of the time dilations predicted by
the STR. But, E&B state that Reichenbach's epistemological maxim
(one for which Griinbaum tried to provide an ontological basis) is
trivial. That is, it is trivial that there is no way of knowing how
separated instruments behave when they are separated. Knowing
whether or not there are universal distorting forces is not
terribly important.

The question as to whether or not this is a trivial issue, is
a crucial part of this entire debate over simultaneity. E&B use the
term “"trivial" to eradicate a key concern in twentieth-century
philosophy of science: the problem of distant comparisons.
Furthermore, they do not provide the criteria for "triviality."
From the brief history of simultaneity in §1.1 it would appear that
most, perhaps evén all (with the exception of a few Mahayana

Buddhist philosophers of the first century) thinkers before those

3 For the quotation in question ¢f. Ciriinbaum's PXZosophical Probiems of Space and Time,
344,
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in the late nineteenth century would have reqarded the entire issue
of simultaneity as trivial. The main point is that E&B have
introduced the concept "trivial® and use it as a major plank in
their rejection of the conventionality thesis. Hence, it is
incumbent upon them to provide an explanation of this concept. The

triviality question will be returned to in §3.3.2.2 of Griinbaum's

response.

§3.2.4 Slow~Clock Transport In One Inertial Frame

This type of transport, E&B argue, can give us a physical
relationship that is both symmetric and transitive and thus can be
used to define distant simultaneity. "It is therefore like the
relationships that may be used to determine distant mass equality,
which is not held by anyone to be conventicnal in any but a most
trivial sense."** Of course this project, and indeed the entire
ensuing discussion, is based on the assumption that the STR is a
true théory of the world, for the project here is grounded on the
STR's time dilation equation.

To illustrate E&B's deduction, we will begin by simply stating
the dilation equation. (Its derivation zan be found in any standard
text-book on relativity theory.)?* If we have the following
situation where a clock, Q, is uniformly moving from A to B, which

are separated by distance s, +he difference in the time as measured

14 Filis and Bowman, "Conventionality in Distant Simultaneity,’ 127.

15 A highly readable text is Max Born's Einstein’s Theory of Relativity.
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by Q and the time measured by the clocks at rest in the system is

given by:
Ty - £, = y1-B2 [tg - ) (8)
where:
e clocks at A and B are in standard signal synchrony
ot : time on A's clock of Q'sa departure
e t;: time on B's clock of Q's arrival
e T : time on clock Q of Q's arrival
e B: ratio of Q's velocity v and the speed of light c

NOte=both QFa velocity and the speed of light are determined with
respect to the clocks A and B. (v=s/t,t,)
We can rearrange (8) as follows: t, = T, = ¥(vs/c?) (9)

(8) evaluates how much slower Q is ‘compared to the
"stationary" clock at B. This difference varies according to the
velocity of'tranaport as well as the path. Thus, it is arqued that
clock transport will not give a unique temporal value to distant
points. Which ciock we choose is arbitrary.

The above overlooks the following: for any value of s, a v can
be chosen such that the time dilation can be made arbitrarily
amali. Essentially, we are then looking at the limit of (9) as the
velocity approaches zero. |

The reply to this is that, in order to make any statements
about the limit, we enter the lﬁgical circle of Reichenbach since
the value of § cannot be known unless we already know that the two
clocks are synchropized. To circumvent this problem, E&B construct
what is called an intervening variable. Rather than using v they

construct the intervening "velocity" ¥'. To clarify E&B's argument,
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we will reconstruct their theory of slow-clock transport, and then,
the practice of slow-clock transport. The following diagram is
referred to in these constructions.
e h I
Yok S g
A ' B
. v, " e Clocks C, and C, are in standard
c . C., s;gnal synchrony.
A B B ’ e C,, is set arbitrarily.
e t,: Q's departure time on C,
o t: Q's arrival time on C
o t, : Q's arrival time on 63
e v: Q's velocity of transport° v=g(t, ~ t,) (10)
o v': Q's lntervenlng velocity; ¥ '=a/(t - t,) (11)

Notice that we can combine (10) and (11l) to get:

v = v' (12)°¢
1~(k/s)u' :

From (12) we can say that, regardless of the value of k, as yv'~»0,
so too does v. If we take the limit as v»0 in (9), we get the

following:

11“‘ (tz - Ty) =0 (13)

From our knowledge of the limit relationship of v and v' we can

rewrite (13) as:

o (- =0 10

16 In this derivation t,, - t, = k has been used. The constant k will depend upon the setting
ofC,, Thiaw:llbecleuerwhmthepmcﬂuhducﬁhed Furthermore, all clocks are assumed to run
atthesamarate.
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Finally, if t, = t,, = k is substituted into (14) we have:

Un (eh-1p =k (15)
Theoretically (15) tells us that the lower the intervening
nyelocity" of Q, the smaller the difference between travel time as

measured by the arbitrarily set clock, C and the travel time

B!
measured by the moving clock, Q. This difference ultimately
converges to a constant, k., Couple this result with (14), which
tells us that the difference between the clock, C,, set by standard
signal synchrony, and the moving clock, Q, tends to zero.

Consequently, the difference between arbitrarily-set clock, C,,, and

standardly-set clock, C,, converges, as the =zero limit is

approached, to k.

£§3.2.4.2 The Practice

Unfortunately, no one offers a good, clear and complete
description of how to actually perform this synchronization. Hence,
it is necessary to do so here. To begin with, we will examine how
distant clocks are set by signals. When distant observers set their
clocks according to signals, they must first have an agreement as
follows. First, when the sender's clock reads a certain value, for
example, zero (for simplicity's sake), he will send the signal.
Second, the receiver agrees to reflect the signal upon reception.
Third, the receiver's clock is set to zero plus the time taken for
the signal to reach her from the source. Fourth, she will start her

clock running upon reception of the signal. The problem is: how
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much should B set her clock ahead of zero? In other words, how long
did the signal take to reach the receiver?

With standard synchrony, light speed is assumed to be
isotropic and equal to c. Suppose A is the sender and B is the
receiver. They have entered into the previous agreements and are
separated by distance AB. Therefore, the time B should set her
clock ahead is zerc plus AB/c. She starts her clock upon reception
of the light signal and the two clocks are in standard signal
synchronization.

We have seen that the argument over the conventionality of
simultaneity centres on the seemingly innocuous assumption of
isotropy in light speeds. E&B's argument tries to bypass this
assumption. Their method is such that it is irrelevant which e is
chosen to begin with since it will be shown to converge to .

Suppose A and B want to set their clocks by slow-clock
transport instead of by stardard signal synchrony. They enter into
the previous four agreements; however, the assumption made by A and
B in agreement three is not necessarily AB/c. First, they set their
clocks arbitrarily. That is, B sets her clock to zero plus q and
starts it running upon the reception of the signal; q is arbitrary,
but must obey the topological condition for 1light, hence:
(0<g<2AB/c). The difference between the standard setting and the
slow-clock setting at the ocutset is given by: k=q-AB/c. (16} B does
not Xknow this valué since she does not have a standardly
synchronized <c¢lock beside her. A releases clocks {Q,,

QureessQrs++,Q} with constant, yet differing velocities v,'. What
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B will find is that there is a linear relationship between the
arrival times of the clocks Q, (as measured by them), and by her
arbitrarily-set clock. The smaller the ¥' of Q,, the smaller the
difference between the arrival time on B's clock and the arrival
time on Q,. Mathematically this difference will converge to k as
slower and slower clocks Q, eventually reach B'. Without waiting
until infinitely slow-moving clocks reach her, B could, perhaps by
plotting this linear relationship on a graph, extrapolate the trend
and find the value of k. From (l16) and the domain of g, k can be
negative, zero or positive, depending on the value of g used. The
possible results and actions required for slow-clock synchrony are
given in Table A.

Table A: Summary Of Slow-Clock Synchrony

[ m—_—‘mwm
q k prchblem solution
0<q<AB/c k<0 B was set too far move B ahead by
back at first amount k
q = AB/c k=0 B was standardly set | nothing need be dona
at first :
AB/c< q < 2AB/c k>0 B was set too far move B back by

ahead at tirst amount k

e e

In essence, if B follows this chart accordingly, her clock will be
in slow-clock synchrony with A's clock. Furthermore, her clock will
aiso be in standard synchrony with A's clock. Because slow-clock
overlaps with standard signal synchrony, we:

also know that the relationship of alow-~transport synchrony is tranaitive, symmetric

and reflexive, and is consistent with both the n-way light principle and the topological
condition for light.17

17 Ellis and Bowman, "Conventionality in Distant Simultaneity,” 130.
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Again, E&B state that if all that'is ultimately involved in
the conventionality of distant simultaneity is that which is
expressed by the view that comparison-at-a-distance is
conventional, then the thesis is trivial. E&B admit that we_could
sit back and say that ascertaining the simultaneity of distant
events via slow-clock transport involves comparison at a distance.
We could base this on the fact that we juét do not know what really
happens under transport and so simultaneity of distant events is
ultimately conventional. Yes, E&B reply, but this is trivial.

The main thrust of the E&B's entire paper is that we have a
method of ascertaining distant simultaneity which avoids
Reichenbach's logical circle of velocity and simultaneity. 1In
addition, the method of slow-c¢lock synchrony can ascribe unique
temporal values to spatially separated points, thus overcoming the
inconsistencies arising from the dependence of clock readings on
trajectories. Finally, the slow-clock method's result for distant
clocks is the same as the standard signal synchrony method which
assumes e=%,

E&B argue that because these two methods agree, to allow ewk
is possible but to do so would be to accept some odd and, by the
tone of their concliding paragraphs, fantastic results. Ultimately,
were we to allow ewk, we would need to postulate two types of

universal forces.

One set would be needed to account Yor the anisotropy of the emplrically determined
one-way velocities of light, and a second set would be needed to account for the
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acceleration or .reta...rdation of infinitely alowly transported clocks,!®

Basically, because the two methods agree and since ewsX% entails
anisotropy in light speeds, we need a universal force which affects
all electromagnetic signals equally and cannot be shielded against.
Furthermore, a second force would have to equally affect our clocks
and also be a force from which there is no escape. Finally, these
two forces would need to obey the exact same distribution laws. In
other words, if we agree, for example, that the anisotropy in light
velocities between two points is a function of distance and
direction, then this function's results would need to be mirrored
by another function describing the effects on moving clocks. E&B .
are not willing to entertain this possibility.

On the other hand, if we are willing to dismiss these forues
by setting them to zero, we end up with two independent and
concurring methods to define simultaneity. Each method yields a
unique temporal value. This, E&B conclude, gives us a "good
physical reason" for accepting one of the definitions.

It physical reasons such ag these are ruled out of court then there can be no good

physical reason Yor adopting any definition of any quantitative equality between any

two things at a distance.!?

Clearly it would be difficult, and perhaps impossible, to give
a general definition of what constitutes a "good physical reason."
However, E&B are setting up an unnecessarily alarmist dichotomy.

Perhaps, and we shall see more of this in Griinbaum's defence, it is

18 Fitis and Bowman, "Conventionality in Distant Simultaneity," 134-5.

19 Ellis and Bowman, "Conventionality in Distant Simultaneity," 135.
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simply the case that we ﬁave conventional elements in our laws and
that restricted anisotropies remain. Therefore, instead of saying
“no physical reason" we should say "no purely physical reason." As
we shall see, in some universes conventionality is trivial and in
others, not.

It appears that E&B are playing a traditional philosopher's

game: set up a demand which is either fulfilled and order prevails,

or unfulfilled and chaos ensues.

§3.3 Transported Clocks: Griinbaum's Response

Griinbaum divides his response to E&B into two sections. The
first examines the principles employed by E&B's account of the
transitivity of ¢ as well as an investigation into the principle of
relativity. This principle, according. to Griinbaum, must be
clarified since if has a factual as well as a conventional
component. From his point of view, e»k is untouched by its factual
component, and whether or not the conventional aspect allows or
disallows ew»% depends on the particular formulation of the
principle we choose. Hence, to choose a particular convention,
build it into the principle of relativity, and then use that
principle to interdict conventionalism is, at best, question-
begging, and at worst, self-contradictory.

The second. section inveatigatea E&B's philosophical thesis
that clock transport enables one to speak of the true relation of
distant simultaneity. Grilinbaum constructs a guasi-Newtonian

universe in order to show that clock tramnsport cannot bestow
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factual physical truth on simultaneity relations. Essentially, if
in this simpler and better behaved universe (that is, no time
dilation), we cannot establish conventiﬁn-free simultaneity, then
the universe of the STR will only be worse. However, in a Newtonian
universe, absclute or convention-free simultaneity exists alongside
the thesis of the alternative metrizability of the sub-manifolds of
space and time.?’

Griinbaum is at pains to stress that he is not at variance with
the claim that clock transport can establish a unique time
coordinate between two spatially separated events. In other words,
the conflicting accounts engendered by the dilation equation can be
overcome. What he does ask, however, is whether or not there are
conventions which lurk behind the claim that this unique time

coordinate is a "true time coordinate."

§3.3.1 Transitivity And Conventionality In The Principle Of
Relativity

§3.3.1.1 e¢wX In One Inertial Frame

Let t, be the time on a clock, U,, at A when a light ray is

emitted towards a clock, U,, at B. Further, the light ray is

p!

reflected at B and returns to A at t,, and let the time of
reflection be t,. Finally, the light is again reflected and returns

is set according to

to B at t,. Let us denote that the clock, U,

3 The difference between space-time intervals and space and time intervals must be atressed.
When the space-time manifold is asserted to be metrically amorphous, it concerns the sub~-manifolds

of space and time. The claim that a space~-time metric is lacking is another isaue, This will be further
examined in §4.1.
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U, by: Uasyn(eu)Uk.

Griinbaum's point is that, although we have the empirical
principle of the isotropy of round-trip times, that is, t -t=t -
t,=T, it does not follow that e,=¢,- In other words, it is not
necessary to require that since Ugssyn(e,)U,, it is also the case
that U;syﬁ(emﬂt%. I1f this is not the case, then the following move
of E&B is not valid:

From: (1) t, = t, + e,(t, - t,) and (2) t, = t, + e,(t, - t,)

Substitute (1) and (2) into: t -t +t -t=t-t,

Whigh entails: e, T + 2,7 =T (3)
To: e, + 2, = 1 (4)
Essentially, from the round-trip times statements about one-way
velocities do not automatically follow. In essence, a "two-way
light principle cannot itself entail any relation between the two
distinct one-way light synchronisms specified by e,, and e

The way to validate this enthymematic deduction of equation
(4) involves accepting what Griinbaum calls the rule of committed
synchronism (RCS). This rule tells us that if we use a clock, X,
and hn to set a clock, Y, then we must accept X as being set by Y
as well as any other clock, 2.%

The problem with E&B, according to Griinbaum, is that there is

an ambiguity in their account of e=% between a generalized form of

21 Griinbaum, "Simultaneity by Slow Clock Transport in the Special Theory of Relativity,'
Philosophical Problems of Space and Time, 673.

22 Grinbaum, "Simultaneity by Slow Clock Transport in the Special Theary of Relativity,”
672.
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RCS (GRCS) and a much stronger principle, the transitivity of
gimultaneity. GRCS tells us that, if we set clock, ¥, from X, then
we must use this setting of Y as a basis for setting any other
clock Z. Furthermore, Z must be accepted as being in synchrony with
X. Note that there is no restriction as to whether or not the e¢'s
need be equal. For transitivity, ﬁowgver, it is necessary to use
the same e for all settings. Transitivity can be succinctly
illustrated as follows:

B is synchronized according toc & by A

C is synchronized according to ¢ by B

A is synchronized according to ¢ by C
Hence, transitivity is a much stronger principle (mofe restrictive)
than GRCS. Grilnbaum then algebraically demonstrates that, if
transitivity is demanded, there is only one solution: e=%. On the
other hand, the GRCS's lack of restrictions on the e's will allow
ek,

Griinbaum is .addressing the issue of how to formulate the
principle of transitivity. A priori, to demand it to restrict all
¢'s to equality, is to restrict ¢ to %. However, nothing requires
us to do this. Griinbaum argues that there is no physical fact to
the ¢ value here either because there is nothing that compels us to
employ RCS (much less strict transitivity) in the first place.

In sum, Griinbaum argues that E&B are conflating principles,
transitivity and GRCS, as well as not realizing the implicit

conventions in their assertions.
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§3.3.1.2 The Principle Of Relativity

A. The Weak Principle

This version demands that the laws of nature with respect.to
inertial frames must be invariant under linearly related Lorentz
transformations. But, Griinbaum says, suppose in one frame we have
the law of light propagation expressed in rectangular coordinates
and in another frame, polar coordinates. These two frames would not
be related by the linear Lorentz transformations.

But presumably no one would say that such a state of affairs is incompatible with
factual physical content of the given version of the principle of relativity.??

In essence, the bare appeal to the weak form of the principle by
E&B is not sufficient to ground the assertion that ew} will change
the form of the laws from frame to frame and on that basis be
disallowed. It may be that there is a convention which governs the
form of laws, but that is not a factual argument on which to rule
out other forms. Griinbaum's main point is that there are
conventions within what is meant by "the form of a law."
B. The Strong Principle

Griilnbaum argues that E&B have incorrectly formulated the
strong principle in their paper. My concern here.is not so much
with the "correct form" of this principle but with what E&B say
follows from it. E&B say that, by imposing the condition of
linearity, e=% follows from McPhee's theorem when the further

condition of reciprocity of relative velocities is imposed.

3 Grinbaum, "Simultaneity by Slow Clock Transport in the Special Theory of Relativity,”
680.
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However, Griinbaum asks whether these conditions themselves are
convention-free.

Reconstructing E&B's conclusion 'clearly illustrates what
Griinbaum is concerned about. Essentially, E&B say: the condition of
linearity and the reciprocity of velocities is satisfied only if
e=k. But, as Griinbaum reminds us:

It is plain that McPhee's result does not entail that non-atandard aynchroniams must

violate velocity reciprocity. What it does entail is the weaker conclusion that e=%

violates either the condition of linearity or the condition of velocity reciprocity.?4
The condition of linearity is the requirement that Newton's first
law holds in all frames. Yet, this law, according to Griinbaum, has
factual as well as conventional elements. Consequently, he argues

that it cannot be taken for granted as E&B have done.

Newton's first law states:

Every body continues in its state of reat or of unilorm speed in a atraight line unlesas it
Is compelled to change that state by forces acting upon it.25

This law requires that an empirical correlate be ascribed to the
concept of uniform speed. At first this seems quite
straightforward: an object is travelling at a constant speed if and
only if it travels equal distances in equal times. However, the
problem that arises is that of comparison-at-a-distance. In other

words, it is necessary that successive temporal intervals are equal

#  Griinbaum, "Simultaneity by Slow Clock Transport in the Special Theory of Relativity,”
683.

¥ Douglas C. Giancoli, General Physics (New Jersey: Prentice Hall, 1884) 59.
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as are spatially separate intervals.?® Whether or not comparisons
such as these are ultimatel