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3.

Preface

A few words about the origin of this work will clarify its intent. We undertook it exclusively for
ourselves. We wanted to know to what extent our conception of duration was compatible with
Einstein's views on time. Our admiration for this physicist, the conviction that he brought us not
only a new physics but also new ways of thinking, the idea that science and philosophy are distinct
disciplines but made to complement each other—all this inspired in us the desire and even
imposed on us the duty to undertake a confrontation. But our research soon appeared to offer
more general interest. Our conception of duration expressed a direct and immediate experience.
Without necessarily entailing the hypothesis of a universal Time, it harmonized very naturally
with this belief. We were therefore going to confront common ideas with Einstein's theory. And the
aspect where this theory seems to clash with common opinion then came to the forefront: we
would have to dwell on the «paradoxes» of the theory of Relativity, on multiple Times flowing at
different speeds, on simultaneities becoming successions and successions becoming
simultaneities when changing viewpoints. These theses have a well-defined physical meaning:
they express what Einstein read, through a stroke of genius, in Lorentz's equations. But what is
their philosophical significance? To find out, we took Lorentz's formulas term by term, and sought
what concrete reality, what perceived or perceptible thing, each term corresponded to. This
examination gave us a rather unexpected result. Not only did Einstein's theses no longer seem
contradictory, but they actually confirmed and provided preliminary proof for humanity's natural
belief in a single universal Time. They owed their paradoxical appearance simply to a
misunderstanding. A confusion seemed to have occurred—not in Einstein himself, nor in the
physicists who physically applied his method, but in certain thinkers who erected this physics, as
is, into philosophy. Two different conceptions of relativity, one abstract and the other pictorial, one
incomplete and the other perfected, coexisted in their minds and interfered with each other. By



dispelling the confusion, the paradox vanished. It seemed useful to say so. We would thus help
clarify the theory of Relativity for philosophers.

These are the two reasons that determined us to publish the present study. As can be seen, it deals
with a clearly delimited subject. We have extracted from the theory of Relativity what concerned
time; we have set aside other problems. We thus remain within the framework of restricted
Relativity. The theory of generalized Relativity in fact comes to position itself there when it
requires one coordinate to effectively represent time.

4.

Half-Relativity
The Michelson-Morley Experiment

The theory of Relativity, even «restricted», is not precisely founded on the Michelson-Morley
experiment, since it generally expresses the necessity of preserving an invariable form for the laws
of electromagnetism when passing from one reference system to another. But the Michelson-
Morley experiment has the great advantage of posing the problem to be solved in concrete terms,
and of placing the solution's elements before our eyes. It materializes the difficulty, so to speak. It
is from this experiment that the philosopher must start, and to it he must constantly return if he
wishes to grasp the true meaning of temporal considerations in the theory of Relativity. How many
times has it not been described and commented upon! Yet we must comment on it, even describe
it again, because we will not adopt outright, as is usually done, the interpretation given by today's
theory of Relativity. We wish to allow for all transitions between the psychological viewpoint and
the physical viewpoint, between common-sense Time and Einstein's. For this, we must place
ourselves in the state of mind one might have had at the outset, when belief in an immobile ether,
at absolute rest still held, yet the Michelson-Morley experiment had to be accounted for. We will
thus obtain a certain conception of Time that is relativistic by half, only partially, not yet
Einstein's, but which we deem essential to know. Although the theory of Relativity takes no
account of it in its strictly scientific deductions, it nevertheless undergoes its influence, we believe,
as soon as it ceases to be physics to become philosophy. The paradoxes that so frightened some
and seduced others seem to us to stem from this. They arise from an ambiguity. They are born
from two representations of Relativity—one radical and conceptual, the other attenuated and
pictorial—coexisting unconsciously in our minds, with the concept suffering contamination from
the image.



Figure1

Let us therefore schematically describe the experiment established in 1881 by the American
physicist Michelson, repeated by him and Morley in 1887, and undertaken again with even greater
care by Morley and Miller in 1905. A ray of light SO (fig. 1) starting from source .S is divided at
point O by a glass plate inclined at 45° to its direction into two rays: one reflected perpendicular to
SO in direction O B, while the other continues its path along the extension OA of SO. At points A
and B, which we assume equidistant from O, are two plane mirrors perpendicular to OA and OB
respectively. The two rays, reflected by mirrors B and A respectively, return to O: the first, passing
through the glass plate, follows line O M, extension of BO; the second is reflected by the plate
along the same line O M. They thus superimpose on each other and produce an interference fringe
pattern observable from point M through a telescope directed along MO.

Suppose for a moment that the apparatus is not in translational motion through the ether. It is
first evident that if distances O A and O B are equal, the time taken by the first ray to go from O to
A and back equals the time taken by the second ray to go from O to B and back, since the
apparatus is stationary in a medium where light propagates at the same speed in all directions.
The appearance of the interference fringes will therefore remain unchanged for any rotation of the
device. It will be the same, in particular, for a 90-degree rotation that swaps arms OA and OB.

But, in reality, the apparatus is carried along by the motion of the Earth in its orbit . It is easy to
see that, under these conditions, the double journey of the first ray should not take the same time
as the double journey of the second'”.

(1) The motion of the Earth can be considered as a rectilinear and uniform translation during the duration of the experiment.

(2) It must not be forgotten, in all that follows, that the radiations emitted by the source S are deposited immediately in the stationary ether
and henceforth independent, in their propagation, of the motion of the source.

Let us calculate, according to the usual kinematics, the duration of each double journey. To
simplify the exposition, we will assume that the direction SA of the light ray has been chosen so
as to be that of the Earth's motion through the ether. We will call v the speed of the Earth, c the
speed of light, / the common length of the two lines OA and OB. The speed of light relative to the
apparatus, on the journey from O to A, will be ¢ — v. It will be ¢ + v on the return. The time taken
by the light to go from O to A and back will therefore be equal to L + +, that is to say ?2_#61}7,



and the path traveled by this ray in the ether to +#<— or < 1 . Now consider the journey of the ray

that goes from the glass plate O to the mirror B and back. The light moving from O to B with
speed c, but on the other hand the apparatus moving with speed v in the direction OA

perpendicular to OB, the relative speed of light here is V¢~ - v”, and consequently the total
duration of the journey is 2

c -0

T

Figure 2
Here then is the explanation proposed by Lorentz, an explanation that another physicist,
Fitzgerald, had also conceived. The line O’ would contract due to its motion, so as to reestablish
equality between the two double journeys. If the length of O' , which was B' at rest, becomes
OB' O' when this line moves with speed OO’ , the path traveled by the ray in the ether will no
longer be measured by B’ P, but by @ = OTd, and the two journeys will indeed be equal. It must
therefore be admitted that any body moving with any speed OO’ undergoes, in the Qirection of its

motion, a contraction such that its new dimension is to the old one in the ratio of 8- = 9F. to
unity. This contraction naturally affects both the ruler with which the object is measured and the
object itself. It thus escapes the terrestrial observer. But it would be noticed if one adopted a
stationary observatory, the ether .

4.2.

Unilateral Relativity

Voici alors l'explication proposée par Lorentz, explication dont un autre physicien, Fitzgerald, avait
également eu l'idée. La ligne O A se contracterait par l'effet de son mouvement, de maniére a
rétablir I'égalité entre les deux doubles trajets. Si la longueur de O A, qui était / au repos, devient

IV1 - & quand cette ligne se meut avec la vitesse v, le chemin parcouru par le rayon dans I'éther
c

ne sera plus mesuré par 12—102, mais par \/12’—2, et les deux trajets se trouveront effectivement égaux.
-7

¢ c

Il faudra donc admettre qu'un corps quelconque se mouvant avec une vitesse quelconque v subit,
dans le sens de son mouvement, une contraction telle que sa nouvelle dimension soit a 'ancienne

dans le rapport de V1 - % al'unité. Cette contraction, naturellement, atteint aussi bien la régle
C



avec laquelle on mesure 'objet que l'objet lui-méme. Elle échappe ainsi a 'observateur terrestre.
Mais on s'en apercevrait si 'on adoptait un observatoire immobile, I'éther .

(1) Moreover, it involves conditions of precision such that the discrepancy between the two light paths, if it existed, could not fail to manifest
itself.

(2) At first it seems that instead of a longitudinal contraction, one could just as well have assumed a transverse expansion, or both at once, in
the appropriate proportion. On this point, as on many others, we are obliged to set aside the explanations given by the theory of Relativity. We
limit ourselves to what concerns our present research.

More generally, let us call S a system stationary in the ether, and S’ another copy of this system, a
double, which was initially one with it and then detaches itself in a straight line with speed v. As

soon as it departs, S contracts in the direction of its motion. Everything not perpendicular to the

direction of motion participates in the contraction. If .S was a sphere, S will be an ellipsoid. This
contraction explains why the Michelson-Morley experiment gives the same results as if light had a
constant speed equal to c in all directions.

But we should also know why we ourselves, in turn, measuring the speed of light by terrestrial
experiments such as those of Fizeau or Foucault, always find the same number ¢, whatever the
speed of the Earth relative to the ether'"'. The observer stationary in the ether will explain it as
follows. In experiments of this kind, the light ray always makes the double journey out and back
between the point O and another point, A or B, on Earth, as in the Michelson-Morley experiment.
In the eyes of the observer who participates in the Earth's motion, the length of this double
journey is therefore 2/. Now, we say that he invariably finds the same speed c for light. It must
therefore be that invariably the clock consulted by the experimenter at point O indicates that the
same interval 7, equal to 2, has elapsed between the departure and return of the ray. But the
spectator stationed in the ether, who follows with his eyes the path actually taken by the ray in
that medium, knows well that the distance covered is in reality \/12_’—; He sees that the moving

clock, if it measured time like the stationary clock he keeps beside him, would mark an interval

—2L__ Since it nevertheless marks only 2, it is because its Time flows more slowly. If, in the same

c\/l—%

interval between two events, a clock counts a smaller number of seconds, each of them lasts
longer. The second of the clock attached to the moving Earth is therefore longer than that of the
stationary clock in the immobile ether. Its duration is \/11—02 But the inhabitant of the Earth knows

w3
c

nothing of this.

(1) It is indeed important to note (it has often been omitted) that Lorentz's contraction is not enough to establish, from the point of view of the
ether, the complete theory of the Michelson-Morley experiment performed on Earth. To it must be added the lengthening of Time and the
displacement of simultaneities, all of which we will find again, transposed, in Einstein's theory. The point has been well highlighted in an
interesting article by C. D. Broad, Euclid, Newton and Einstein (Hibbert Journal, April 1921).

4.3.

Time Dilation

More generally, let us again call .S’ a system stationary in the ether, and S’ a double of this system,

which initially coincided with it and then detaches itself in a straight line with speed v. While .S



contracts in the direction of its motion, its Time dilates. An observer attached to system .S, seeing
S and fixing his attention on a second of the clock of S at the precise moment of doubling,

would see the second of .S stretch out over S’ like an elastic thread being pulled, like a line viewed
through a magnifying glass. Let us be clear: no change has occurred in the mechanism of the
clock, nor in its functioning. The phenomenon is nothing like the lengthening of a pendulum. It is
not because clocks run slower that Time has lengthened; it is because Time has lengthened that
the clocks, remaining as they are, happen to run slower. By the effect of motion, a longer time,
stretched, dilated, comes to fill the interval between two positions of the hand. The same slowing,
moreover, for all movements and all changes of the system, since each of them could just as well
become representative of Time and set itself up as a clock.

We had assumed, it is true, that the terrestrial observer followed both the outbound and return
journey of the light ray from O to A and back to O, measuring the speed of light without
consulting any clock other than the one at point O. What would happen if we measured this speed
for the outbound journey only, by consulting two clocks"’ placed respectively at points O and A?
To be precise, in all terrestrial measurements of the speed of light, it is the double journey of the
ray that is measured. The experiment we are discussing has therefore never been performed. But
nothing proves it impossible. We will show that it would still yield the same number for the speed
of light. But to do this, let us recall what constitutes the synchronization of our clocks.

(1) Needless to say, in this paragraph we call a "clock” any device that measures a time interval or precisely locates two instants relative to each
other. In experiments concerning the speed of light, Fizeau's toothed wheel and Foucault's rotating mirror are clocks. More generally still will be
the meaning of the word throughout this study. It will apply equally to a natural process. The rotating Earth will be a clock.

Moreover, when we speak of a clock's zero point and the operation by which we determine the zero position on another clock to synchronize
them, we introduce dials and hands solely to fix ideas. Given any two devices, natural or artificial, used for time measurement—and
consequently two movements—we may call "zero" any arbitrarily chosen origin point on the trajectory of the first moving element. Setting the
zero on the second device will simply consist of marking, along the path of its moving element, the point deemed to correspond to the same
instant. In short, "setting the zero" in what follows should be understood as the real or ideal operation, performed or merely conceived, by which
two points denoting a first simultaneity have been marked on the two devices respectively.

L. 4.

Dislocation of Simultaneity

How do we synchronize two clocks located in different places? Through communication
established between the two persons in charge of the synchronization. Now, there is no
instantaneous communication; and since any transmission takes time, we had to choose one that
occurs under invariable conditions. Only signals sent through the ether meet this requirement:
any transmission through ponderable matter depends on the state of that matter and the
thousand circumstances modifying it at every instant. Therefore, the two operators must have
communicated via optical signals, or more generally electromagnetic signals. The person at O sent
the person at A a light signal intended to return immediately. And things unfolded as in the
Michelson-Morley experiment, with this difference however: mirrors were replaced by people. It
had been agreed between the two operators at O and A that the second would mark zero at the
point where the hand of his clock was at the precise instant the ray reached him. From then on, the
first had only to note on his clock the start and end of the interval occupied by the ray's double



journey: he placed the zero of his clock at the midpoint of this interval, since he wanted the two
zeros to mark «simultaneous» moments and the two clocks to be henceforth synchronized.

This would be perfect, of course, if the signal's path were the same outbound and return, or in
other words, if the system to which clocks O and A are attached were stationary in the ether. Even
in a moving system, it would still be perfect for synchronizing two clocks O and B located on a
line perpendicular to the direction of motion: we know indeed that if the system's motion carries

Oto O' , the light ray travels the same path from O to B' as from B' to O’ , since triangle OB' O'
is isosceles. But it is different for signal transmission from O to A and vice versa. The observer at
absolute rest in the ether clearly sees that the paths are unequal because, on the outbound journey,
the ray launched from point O must chase after point A which is fleeing, while on the return
journey the ray sent back from point A meets point O coming toward it. Or, if you prefer, he
realizes that the distance O A, assumed identical in both cases, is traversed by light at a relative
speed of ¢ — v in the first case, ¢ + v in the second, so that the travel times are in the ratio of ¢ + v
to ¢ — v. By marking zero at the midpoint of the interval traversed by the clock hand between the
departure and return of the ray, we place it, in the eyes of our stationary observer, too close to the
starting point. Let us calculate the error. We said earlier that the interval traversed by the hand on
the dial during the double outbound and return journey of the signal is 2. If, then, at the moment
of signal emission, we marked a provisional zero at the point where the hand was, we will have
placed the definitive zero M at point £ of the dial, which we believe corresponds to the definitive
zero of the clock at A. But the stationary observer knows that the definitive zero of the clock at O,
to truly correspond to the zero of the clock at A—to be simultaneous with it—should have been
placed at a point dividing the interval 2 not into equal parts, but into parts proportional to ¢ + v
and ¢ — v. Let us call x the first of these two parts. We will have

X -—ctv
— c-v
A -x
and consequently
1,1
X=:%t-5.
c

. This means that, for the stationary observer, the point M where we marked the definitive zero is
i—g too close to the provisional zero, and that if we wish to leave it there, we should, to achieve true
simultaneity between the definitive zeros of the two clocks, move back the definitive zero of the
clock at A by fg& In short, the clock at A is always behind by a dial interval of 273 compared to the

time it should show. When the hand is at the point we agree to call ¢ (we reserve the designation #
for the time of clocks stationary in the ether), the stationary observer tells himself that if it were

truly synchronized with the clock at O, it would show ¢ + i%

What, then, will happen when operators placed respectively at O and A wish to measure the speed
of light by noting, on the synchronized clocks at these two points, the moment of departure, the
moment of arrival, and consequently the time taken by light to cross the interval?

We have just seen that the zeros of the two clocks were set such that a light ray always appeared, to
anyone considering the clocks synchronized, to take the same time to go from O to A and back.
Our two physicists will therefore naturally find that the time for the journey from O to A, counted
using the two clocks placed respectively at O and A, is equal to half the total time, counted on the



single clock at O, for the complete round trip. Now, we know that the duration of this double
journey, counted on the clock at O, is always the same, regardless of the system's speed. The same
will therefore hold for the duration of the single journey, counted by this new method using two
clocks: consequently, the constancy of the speed of light will again be observed. The observer
stationary in the ether will moreover follow point by point what has happened. He will notice that
the distance covered by the light from O to A is to the distance covered from A to O in the ratio of
¢ + vtoc — v, instead of being equal. He will observe that, since the zero of the second clock does
not match that of the first, the outbound and return times, which appear equal when comparing
the indications of the two clocks, are in reality in the ratio of ¢ + v to ¢ — v. There has therefore
been, he will say to himself, an error in the length of the path and an error in the duration of the
journey, but the two errors compensate because it is the same double error that presided long ago
over the synchronization of the two clocks.

Thus, whether one counts time on a single clock at a specific location, or uses two clocks distant

from each other; in both cases one will obtain, within the moving system S, , the same number for
the speed of light. Observers attached to the moving system will judge that the second experiment
confirms the first. But the stationary spectator, seated in the ether, will simply conclude that he
has two corrections to make instead of one, for everything concerning the time indicated by the

clocks of system S' . He had already noted that these clocks ran too slowly. He will now tell himself
that the clocks spaced along the direction of motion additionally lag behind each other. Suppose

once again that the moving system .S’ has detached itself, as a double, from the stationary system
S, and that the dissociation occurred at the moment when a clock H, of the moving system .S,

coinciding with clock H, of system S, marked zero like it. Consider then in system .S a clock Hq,

placed such that the straight line H, 0 H, 1 indicates the dlrectlon of the system’s motion, and call /
the length of this line. When clock H, 1 marks the time r , the statlonary observer now rightly tells
hlmself that, since clock H, 1 lags by a dial 1nterval behind clock H, o Of this system, a number

t + 14 of seconds of system S has actually elapsed But he already knew that, glven the slowing
of t1me due to motion, each of these apparent seconds is worth, in real seconds, ﬁ' He will

c

therefore calculate that if clock H; gives the indication ¢ , the time actually elapsed is

\/1—(t + %) Consulting at that moment one of the clocks in his stationary system, he will find

that the time t marked by it is indeed this number.

But even before realizing the correction needed to pass from time r to time 7, he would have
perceived the error made within the moving system in assessing simultaneity. He would have
caught it in the act by witnessing the clock synchronization. Consider indeed, along the
indefinitely extended line H, ;) H 1 of this system, a large number of clocks H ;, , H 1 , Hz .. etc,,

separated from each other by equal intervals /. When S coincided with .S and was consequently
stationary in the ether, the optical signals going back and forth between two consecutive clocks
made equal journeys in both directions. If all the clocks thus synchronized marked the same hour,

it was truly at the same instant. Now that S’ has detached from .S by the effect of doubling, the



character inside S' , unaware of his motion, leaves his clocks H, ;) , H '1 , H- '2 ... etc. as they were; he
believes in real simultaneities when the hands indicate the same number on the dial. Moreover, if
he has a doubt, he proceeds again with the synchronization: he simply finds confirmation of what
he had observed in 1mmob111ty But the statlonary spectator who sees how the opt1ca1 51gnal now

travels farther to go from H, o to H, 1, from H, 1 to H. 5, etc., than to return from H, 1 to H, o0, from H. 2
to H 1, etc, not1ces that for there to be real simultaneity when the clocks mark the same hour, the
zero of clock H; 1 would have to be set back by , the zero of clock H. 5 set back by 2lp etc. Real

simultaneity has become nominal. It has curved into succession.

4.5.

Longitudinal Contraction

In summary, we have sought how light could have the same speed for the stationary observer and

for the moving observer: deepening this point has revealed to us that a system .S , resulting from
the doubling of a system .S and moving in a straight line with speed v, undergoes singular
modifications. We would formulate them as follows:

1. Alllengths of §' have contracted in the direction of its motion. The new length is to the old in
the ratio of V1 - & to unity.
C

2. The Time of the system has dilated. The new second is to the old in the ratio of unity to

Vi-5..

3. What was simultaneity in system S  has generally become succession in system .S’ . Only
events that were simultaneous in .S and are located in the same plane perpendicular to the

direction of motion remain contemporary in .S . Any two other events, simultaneous in .S, are
separated in s by seconds of system s , if we denote by / their distance measured along

the direction of motlon of their system, that is, the distance between the two planes
perpendicular to this direction that pass respectively through each of them.

In short, system S' , considered in Space and Time, is a double of system .S that has contracted, as
to space, in the direction of its motion; has dilated, as to time, each of its seconds; and finally, in
time, has dislocated into succession every simultaneity between two events whose distance has
shrunk in space. But these changes escape the observer who is part of the moving system. Only the
stationary observer notices them.

4.6.

Concrete Meaning of the Terms in Lorentz's Formulas

I suppose then that these two observers, Pierre and Paul, could communicate. Pierre, who knows
what's what, would say to Paul: «At the moment you detached from me, your system flattened, your



Time swelled, your clocks fell out of sync. Here are the correction formulas that will allow you to return to
truth. See what you should do with them». It's evident that Paul would reply: «I'll do nothing, because
practically and scientifically, everything would become incoherent inside my system. Lengths have
shrunk, you say? But the same is then true of the meter I carry upon them; and since the measurement of
these lengths, within my system, is their ratio to the meter thus displaced, this measurement must remain
what it was». Time, you say further, has dilated, and you count more than one second where my

clocks mark exactly one? But if we suppose that .S'and .S are two copies of planet Earth, the

second of .§' , like that of .S, is by definition a certain determined fraction of the planet’s rotation
time; and though they may not have the same duration, each remains one second. Simultaneities

have become successions? Clocks at points H;, H,, H; all indicate the same time while there are
three different moments? But at the different moments when they mark the same time in my

!

system, events occur at points H 1 , Hy, H 1 of my system that, in system .S, were legitimately
marked as contemporary: I will then agree to still call them contemporary, so as not to have to
reconsider the relations of these events first among themselves, and then with all others. By this I
will preserve all your sequences, all your relations, all your explanations. By naming succession
what I called simultaneity, I would have an incoherent world, or one constructed on a plan
absolutely different from yours. Thus all things and all relations between things will retain their
magnitude, remain in the same frameworks, and fit into the same laws. I can therefore act as if
none of my lengths had shrunk, as if my Time had not dilated, as if my clocks were in agreement.
That at least holds for ponderable matter, which I carry with me in my system'’s motion: profound
changes have occurred in the temporal and spatial relations its parts maintain among themselves,
but I don't notice it and have no need to notice it.

Now, I must add that I consider these changes beneficial. For let us leave ponderable matter. What
would my situation be regarding light, and more generally electromagnetic phenomena, if my
spatial and temporal dimensions had remained what they were! These events are not carried
along, they, in my system'’s motion. Light waves, electromagnetic disturbances may well originate
in a moving system: experience proves they do not adopt its motion. My moving system deposits
them in passing, so to speak, in the stationary ether, which then takes charge of them. Even if
ether didn't exist, we would invent it to symbolize this experimentally verified fact, the
independence of light's speed from the motion of the source that emitted it. Now, in this ether,
before these optical facts, amid these electromagnetic events, you sit, immobile. But I traverse
them, and what you perceive from your fixed observatory in the ether might appear to me, in turn,
completely different. The science of electromagnetism, which you so laboriously built, would have
to be redone by me; I would have to modify my equations, once established, for each new speed of
my system. What would I have done in such a universe? At what cost of liquefying all science
would the solidity of temporal and spatial relations have been bought! But thanks to the
contraction of my lengths, the dilation of my Time, the dislocation of my simultaneities, my
system becomes, regarding electromagnetic phenomena, the exact counterfeit of a fixed system.
Let it run as fast as it pleases alongside a light wave: the latter will always maintain the same speed
relative to it; it will be as if immobile relative to it. All is therefore for the best, and it is a good
genius who arranged things thus.



There is one case, however, where I will have to take account of your indications and modify my
measurements. It is when constructing a complete mathematical representation of the universe, I
mean of everything happening in all worlds moving relative to you at all speeds. To establish this
representation which would give us, once complete and perfect, the relation of everything to
everything, each point of the universe must be defined by its distances x, y, z to three determined
rectangular planes, declared immobile, intersecting along axes O X, OY, O Z. Moreover, the axes
OX, OY, OZ chosen in preference to all others, the only axes truly and not conventionally
immobile, are those established in your fixed system. Now, in the moving system where I find

myself, I relate my observations to axes O’ X , O Y , O' z carried along by it, and it is by their
distances x’ , y' , z' to the three planes intersecting along these lines that every point of my system
is defined in my eyes. Since it is from your stationary viewpoint that the global representation of
the Whole must be constructed, I must find a way to relate my observations to your axes O X, OY,

OZ, or in other words, to establish once and for all formulas by which I can, knowing x ,y and z

, calculate x, y and z. But this will be easy for me, thanks to the indications you've just provided.
First, to simplify things, I will assume that my axes 0 X , oY , 0z coincided with yours
before the dissociation of the two worlds .5 and S' (which it will be better, for clarity of this
demonstration, to make quite distinct this time), and I will also assume that O X, and consequently
O’ X ’ , mark the very direction of S’ 's motion. Under these conditions, it is clear that planes

z O’ X , X ' O' Y merely glide respectively over planes ZO X, X OY, coinciding constantly with
them, and consequently yand y' are equal, z and z' likewise. It then remains to calculate x. If,

! ! !

since the moment O left O, I have counted on the clock at point x , y )2 a tlme t , I naturally

1 I

represent the distance from point x Yz toplane ZOYasequaltox + vt But, given the

contraction you signal, this length x + ut would not comc1de with your Xx; it would coincide with

x\/ 1 - %, And consequently what you call x is m (x for ). Problem solved. I will not forget,

! I !

moreover, that the time 7 , which has elapsed for me and indicated by my clock at pointx ,y ,z ,
is different from yours When this clock gave me the indication ¢ , the time 7 counted by yours is,

as you said, \/—, (t s ) This is the time ¢ I will mark for you. For time as for space, I will have

C

passed from my viewpoint to yours.

Thus would speak Paul. And at the same time he would have established the famous
«transformation equations» of Lorentz, equations which, moreover, from Einstein's more general
viewpoint, do not imply that system .S is definitively fixed. We will indeed show shortly how,
according to Einstein, one can make .S any system, provisionally immobilized by thought, and how

one must then attribute to .S’ , considered from \S's viewpoint, the same temporal and spatial
deformations that Pierre attributed to Paul's system. Under the hypothesis, always accepted until

now, of a single Time and a Space independent of Time, it is ev1dent that if S moves relative to .S

!

with constant speed v, if x , ¥,z arethe distances of a pomt M 1n system S to the three planes
determined by the three rectangular axes, taken pairwise, O X , O Y , O Z ,and if finally x, y, z
are the distances of this same point to the three fixed rectangular planes with which the three
mobile planes initially coincided, we have:



Moreover, since the same time unfolds invariably for all systems, we have:
r=t .

But if motion determines length contractions, a slowing of time, and causes clocks in the time-
dilated system to mark only a local hour, it follows from the explanations exchanged between
Pierre and Paul that we will have:

x:—,ll_—i_j(x +Ut)

y=y
@ :
zZ=2Z

- 1 ' UX’

t \/1—%0 +E)

[

Hence a new formula for the composmon of veloc1t1es Suppose indeed that pomt M moves
uniformly within S , parallel to O X , with velocity v , naturally measured by . What will be its

velocity for the spectator seated at .S who relates the successive positions of the moblle to his axes
0X, OY, OZ? To obtain this velocity v" , measured by ¥, we must divide the first and fourth
equations above term by term, and we will have:

,
—vtv
1+

c

whereas until now mechanics posited:

n !

v =Zv+tv

Therefore, if S is the riverbank and .S a boat moving with velocity v relative to the bank, a traveler
moving on the boat's deck in the direction of motion with velocity v does not have, in the eyes of

the spectator stationary on the bank, velocity v + U' , as was said until now, but a velocity less than
the sum of the two component velocities. At least, this is how things appear at first. In reality, the
resultant velocity is indeed the sum of the two component velocities, if the traveler's velocity on
the boat is measured from the bank, like the boat' sown velocity. Measured from the boat, the

traveler's velocity v 1s X if we call for example x the length the traveler finds for the boat

(invariable length for hlm, since the boat is always at rest for him) and t the time he takes to
traverse it, that is, the difference between the hours marked at his departure and arrival by two
clocks placed respectively at the stern and bow (we assume an immensely long boat whose clocks
could only be synchronized by signals transmitted at a distance). But, for the spectator stationary



on the bank, the boat contracted when it passed from rest to motion, Time dilated there, and the
clocks are no longer synchronlzed The space traversed in his eyes by the traveler on the boat is

therefore no longer x (if x was the quay length comc1d1ng with the statlonary boat), but

x V1 - 2 and the time taken to traverse this space is not t , but F (t + —2) He will conclude
C - 22- Cc

that the velocity to add to v to obtain v isnot v , but

!

x V1-24
C
1 ' Ux'
1 (¢t +
\/1-7_2( P
that is
’ 2
v (1-5)
C
1+
C
. He will then have:
n , ]._U !
v :U+U( ?):U'I'U
1+9- 1+5%
C C

From which we see that no velocity can exceed that of light, since any composition of an arbitrary

velocity v with a velocity v assumed equal to ¢ always gives this same velocity c as the resultant.

Such then, to return to our initial hypothesis, are the formulas that Paul will have in mind if he
wishes to pass from his viewpoint to that of Pierre and thus obtain—with all observers attached to

r

all mobile systems S ,.S , etc. having done likewise—a complete mathematical representation of
the universe. Had he been able to establish his equations directly, without Pierre's intervention, he

! !

would have equally provided them to Pierre to enable him, knowing x, y, z, f, v ,to calculatex ,y ,

z ,t ,v .Letusindeed solve equations ® with respecttox ,y ,z ,t , v ; we immediately derive:

x = 5 (x-ot)
1-4%
y =y
z':z
to= L (1-13)
1-4 c
U':U_U
1-2%

equations more commonly given for the Lorentz transformation . But this matters little for now.
We merely wished, by recovering these formulas term by term, by defining the perceptions of

observers placed in one or the other system, to prepare the analysis and demonstration that are
the object of the present work.

(1) [t is important to note that if we have just reconstructed Lorentz's formulas by commenting on the Michelson-Morley experiment, it is to
show the concrete meaning of each term composing them. The truth is that the transformation group discovered by Lorentz ensures, in general,
the invariance of the equations of electromagnetism.



5.

Complete Relativity

We momentarily slipped from what we'll call the «unilateral relativity» viewpoint to that of
reciprocity, which is characteristic of Einstein. Let us hasten to return to our position. But let us
say now that the contraction of moving bodies, the dilation of their Time, the dislocation of
simultaneity into succession, will be preserved unchanged in Einstein's theory: there will be
nothing to change in the equations we have established, nor more generally in what we have said

about system .S’ in its temporal and spatial relations to system .. Only these contractions of
extension, these dilations of Time, these ruptures of simultaneity will become explicitly reciprocal

(they are already implicitly so, according to the very form of the equations), and the observer in .S

will repeat about .S everything that the observer in .S had affirmed about s . Thereby will vanish,
as we shall also show, what was initially paradoxical in the theory of Relativity: we maintain that
the unique Time and the Extension independent of duration persist in Einstein’s hypothesis taken
in its pure state: they remain what they have always been for common sense. But it is nearly
impossible to arrive at the hypothesis of double relativity without passing through that of simple
relativity, where one still posits an absolute reference point, an immobile ether. Even when one
conceives relativity in the second sense, one still sees it somewhat in the first; for though one may

say that only the reciprocal motion of S'and .S relative to each other exists, one cannot study this

reciprocity without adopting one of the two terms, . or S' , aS a «reference system»: now, as soon as
a system has been thus immobilized, it becomes provisionally an absolute reference point, a
substitute for the ether. In short, absolute rest, banished by the intellect, is restored by the
imagination. From the mathematical viewpoint, this has no drawback. Whether system .S, adopted
as reference system, is at absolute rest in the ether, or whether it is at rest only relative to all
systems to which it is compared, in both cases the observer placed in .S will treat in the same

manner the time measurements transmitted to him from all systems such as S’ ; in both cases he
will apply Lorentz's transformation formulas to them. The two hypotheses are equivalent for the
mathematician. But it is not the same for the philosopher. For if .S is at absolute rest, and all other
systems in absolute motion, the theory of Relativity will effectively imply the existence of multiple
Times, all on the same level and all real. If, on the contrary, one places oneself in Einstein's
hypothesis, the multiple Times will persist, but only one will ever be real, as we propose to
demonstrate: the others will be mathematical fictions. This is why, in our view, all philosophical
difficulties concerning time vanish if one strictly adheres to Einstein's hypothesis, but so do all the
oddities that have bewildered so many minds. We therefore need not dwell on the meaning to be
given to the «deformation of bodies», the «slowing of time», and the «rupture of simultaneity» when
one believes in the immobile ether and the privileged system. It will suffice for us to seek how they
should be understood in Einstein's hypothesis. Casting then a retrospective glance at the first
viewpoint, one will recognize that it was necessary to start there, one will judge natural the
temptation to return to it even after adopting the second; but one will also see how false problems



arise solely from the fact that images are borrowed from one to support the abstractions
corresponding to the other.

5.1.

On the Reciprocity of Motion

We imagined a system .S at rest in the immobile ether, and a system .§' in motion relative to S.
Now, the ether has never been perceived; it was introduced into physics to support calculations. On

the contrary, the motion of a system .§' relative to a system .S'is for us a fact of observation. One
must also consider as a fact, until further notice, the constancy of the speed of light for a system
that changes speed as one wishes, and whose speed can consequently descend to zero. Let us then

retake the three affirmations from which we started: 1° .S moves relative to .S; 2° light has the
same speed for both; 3° S'is stationary in an immobile ether. It is clear that two of them state facts,
and the third a hypothesis. Reject the hypothesis: we now have only the two facts. But then the

first will no longer be formulated in the same way. We announced that S moves relative to .S: why

did we not just as well say that it was .S that moves relative to .S ? Simply because .S was thought
to participate in the absolute immobility of the ether But there is no more ether"”’, no absolute

f1x1ty anywhere. We can therefore say, at will, that s moves relative to S, or that .S moves relative

to S , or better that .S'and S move relative to each other. In short, what is really given is a
reciprocity of displacement. How could it be otherwise, since the motion perceived in space is only
a continuous variation of distance? If one considers two points A and B and the displacement of
«one of them», all that the eye observes, all that science can note, is the change in length of the
interval *’. Language will express the fact by saying that A moves, or that it is B. It has the choice;
but it would be closer still to experience to say that A and B move relative to each other, or more
simply that the gap between A and B decreases or increases. The «reciprocity» of motion is
therefore an observational fact. One could recognize it a priori as a condition of science, for science
operates only on measurements, measurement generally concerns lengths, and when a length
grows or diminishes, there is no reason to privilege one of the extremities: all one can affirm is
that the gap grows or diminishes between the two "’

(1) We are speaking, of course, only of a fixed ether, constituting a privileged, unique, absolute reference system. But the hypothesis of the ether,
suitably amended, can very well be taken up again by the theory of Relativity. Einstein is of this opinion (See his 1920 lecture on «The Ether and
the Theory of Relativity»). Already, to preserve the ether, attempts had been made to use certain ideas of Larmor. (Cf. Cunningham, The
Principle of Relativity, Cambridge, 1911, chap. xvi).

(2) On this point, and on the «reciprocity» of motion, we drew attention in Matter and Memory, Paris, 1896, chap. IV, and in the Introduction to
Metaphysics (Revue de Métaphysique et de Morale, January 1903).

(3) See on this point, in Matter and Memory, pages 214 and following.
5.2.

Relative Motion and Absolute Motion



Certainly, not all movement reduces to what is perceived in space. Alongside movements we
merely observe from the outside, there are those we also feel ourselves producing. When Descartes
spoke of the reciprocity of motion'”, it was not without reason that Morus replied: "If I am sitting
quietly, and another, moving away a thousand paces, is red with fatigue, it is indeed he who moves
and I who rest'”'” Whatever science may tell us about the relativity of movement perceived by our
eyes, measured by our rulers and clocks, it leaves intact our profound sense of accomplishing
movements and exerting efforts of which we are the agents. Let Morus' character, "sitting quietly,”
resolve to run in turn, rise and run: one may argue that his running is a reciprocal displacement of
his body and the ground—that he moves if we immobilize the Earth in thought, but that the Earth
moves if we decree the runner immobile. He will never accept this decree; he will always declare
that he immediately perceives his act, that this act is a fact, and that the fact is unilateral. This
awareness of movements decided and executed is shared by all other humans and likely most
animals. And since living beings thus accomplish movements that belong to them, that are solely
connected to them, perceived from within—yet when considered externally appear to the eye as
mere reciprocal displacement—we may conjecture that this is true of relative motion in general. A
reciprocity of displacement is the visible manifestation to our eyes of an internal, absolute change
occurring somewhere in space. We have emphasized this point in a work titled Introduction to
Metaphysics. Such, indeed, seemed to us the metaphysician's function: to penetrate the interior of
things; the true essence, the profound reality of movement can never be better revealed than when
he performs the movement himself—when he still perceives it externally like all other
movements, but also grasps it internally as an effort, of which only the trace was visible. Yet the
metaphysician obtains this direct, internal, and certain perception only for movements he
accomplishes himself. Only of these can he guarantee they are real acts, absolute movements. For
movements performed by other living beings, it is not by direct perception but through sympathy
and analogical reasoning that he elevates them to independent realities. And of matter's
movements in general, he can say nothing except that internal changes—analogous or not to
efforts—likely occur somewhere, translating to our eyes, like our own acts, as reciprocal
displacements of bodies in space. We therefore need not account for absolute motion in
constructing science: we rarely know where it occurs, and even then, science would have no use
for it, since it is immeasurable and science exists to measure. Science can and must retain from
reality only what is spread out in space—homogeneous, measurable, visual. The movement it
studies is thus always relative and can consist only in a reciprocity of displacement. While Morus
spoke as a metaphysician, Descartes marked with definitive precision the viewpoint of science. He
went even beyond the science of his time, beyond Newtonian mechanics, beyond ours,
formulating a principle whose demonstration was reserved for Einstein.

(1) Descartes, Principles, ii, 29.

(2) H. Morus, Scripta philosophica, 1679, vol. I, p. 218.

5.3.

From Descartes to Einstein



For it is a remarkable fact that the radical relativity of motion, postulated by Descartes, could not
be categorically affirmed by modern science. Science, as understood since Galileo, undoubtedly
wished motion to be relative. It readily declared it so. But it treated it accordingly only weakly and
incompletely. There were two reasons for this. First, science only challenges common sense to the
extent strictly necessary. Now, if all rectilinear and non-accelerated motion is obviously relative, if
therefore, in the eyes of science, the track is as much in motion relative to the train as the train is
relative to the track, the scientist will nonetheless say that the track is immobile; he will speak like
everyone else when he has no interest in expressing himself otherwise. But that is not the
essential point. The reason why science never insisted on the radical relativity of uniform motion
is that it felt incapable of extending this relativity to accelerated motion: at least it had to renounce
it provisionally. More than once in its history, it has undergone a necessity of this kind. From a
principle immanent to its method, it sacrifices something to a hypothesis immediately verifiable
and which yields useful results at once: if the advantage holds, it will be because the hypothesis
was true on one side, and then this hypothesis may one day have definitively contributed to
establishing the principle it had provisionally set aside. Thus, Newtonian dynamism seemed to cut
short the development of Cartesian mechanism. Descartes posited that everything pertaining to
physics is spread out in motion in space: thereby he gave the ideal formula of universal
mechanism. But to stick to this formula would have been to consider globally the relation of
everything to everything; one could only obtain a solution, even a provisional one, to particular
problems by more or less artificially cutting out and isolating parts from the whole: now, as soon
as one neglects the relation, one introduces force. This introduction was nothing but this very
elimination; it expressed the necessity in which human intelligence finds itself to study reality
part by part, being powerless to form at once a conception both synthetic and analytic of the
whole. Newtonian dynamism could therefore be—and in fact turned out to be—a step towards the
complete demonstration of Cartesian me