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Keywords: The Einstein-Bergson debate on the nature of time is historically regarded as a pivotal moment in the rift between

Time the humanities and natural sciences. Bergson was generally conceived to have lost the debate, although opinions

Metaphysics of philosophers remained divided. In contemporary discussions, the debate again appears relevant, as a renewed
Einstein . ' i . s . .. . .

Bergson perspective on Bergson's critique of Einstein's interpretation of relativity provides cues into how to approach the
Muﬁiplicity ‘problem of time’ in the search for quantum gravity. In this paper I revisit the debate and provide a detailed
Relativity philosophical analysis of Bergson's main arguments and his use of multiplicities. While Bergson made a mistake

in his discussion of the twin paradox, I will argue that he was right in pointing out that time dilation is not a
directly experienceable phenomenon. This will clarify how his thesis that the notion of a single ‘Time’ is
compatible with the theory of relativity should be understood. In conclusion, I argue that Bergson's philosophy
can be useful for making sense of contemporary approaches to the problem of time in physics, in which time is

viewed as an observer-dependent or emergent phenomenon rather than a fundamental quantity.

1. Introduction

‘What is time?” has always been one of the most elusive questions in
metaphysics. About a hundred years ago, Einstein had a debate on this
topic with the famous French philosopher Henri Bergson, who chal-
lenged common interpretations of the theory of relativity. Nowadays,
the problem of time again appears crucial in the difficulties surrounding
the unification of general relativity (GR) with quantum theory (see e.g.
Butterfield & Isham, 1999). A renewed perspective on the debate be-
tween Einstein and Bergson can give us new insights for the develop-
ment of quantum gravity. However, most contemporary readings of the
debate (e.g. Kiigler, 2021; Savitt, 2021) try to grasp Bergson's argument
within a purely analytical framework, and assume from the start that he
was wrong. Such an approach does not do justice to the complexity of
the debate, since Bergsonism begins by rejecting analysis as a proper
method for metaphysics. A more thorough understanding requires that
the arguments of both Einstein and Bergson are viewed in relation to
their respective philosophical backgrounds and historical context.

In the early 20th century, Bergson was somewhat of a superstar
philosopher; he had become famous for starting a new movement in
French philosophy that opposed the predominant Cartesian worldview
of that time — instead laying emphasis on the concrete reality of life, in
which the inner flow of consciousness or time played a central role.
Bergson had an enormous influence across a range of different fields,
including metaphysics, psychology, literature, and politics. Yet by the
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time of his death in 1941, the shock consisted mainly in the realisation
that the public “had long ago fallen into the habit of thinking of him as
dead” — as Irwan Edman (1944, p. xi) wrote. Retrospectively, it is
sometimes claimed that his confrontation with Einstein precipitated his
downfall (Canales, 2015).

Einstein was a rising star. In 1919, the first observations of gravita-
tional lensing made headlines around the world. However, his theory of
relativity was not without controversy: it challenged the familiar notions
of space and time, sparking a revolution in physics. People wondered
how this would affect the philosophy of Bergson, who was generally
seen as the authority on the subject of time; hence, when Einstein
travelled to Paris in 1922, amidst the tensed Franco-German relations of
the interbellum, expectations were high for various reasons.

The debate that ensued split intellectual communities worldwide
into opposing camps. At first, Einstein was generally seen as the un-
derdog, and his confrontation with the philosopher was not without
consequences for his career. But the physicist also had strong supporters,
described by Bergson as “intemperate disciples, who brought his views
closer to philosophy” (Chevalier, 1959, p. 44). Gradually, — through a
deliberate framing by Einstein, as it seems from his journals and private
correspondence — the narrative developed that Bergson, twenty years
older than the physicist, simply couldn't understand Einstein's new
theory (Canales, 2015). And whether true or not (it seems that Einstein
himself did not believe this), this narrative gained traction and stuck
with the public, such that by the 1930s Bergson was generally perceived
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to have lost the debate.

As Canales (2015) emphasises, the debate is historically significant
as it marks the beginning of “the period when the relevance of philos-
ophy declined in the face of the rising influence of science” (p. 6). From
the early 19th century ‘natural philosophy’ had begun to distinguish
itself by adopting the alternative name ‘science.” A century later, physics
and philosophy had become distinct disciplines. However, Bergson
(1965) believed that the two were “meant to implement each other,”
which is why he felt the “duty of proceeding to a confrontation” (p. 5).
Einstein (1936), on the other hand, although he also underlined the
importance of philosophical reflection on physics, argued that when the
very foundations of physics are under discussion this is better left to the
physicists, since they know best “where the shoe pinches” (p. 349). Their
confrontation illustrated that two major physicists and philosophers
could no longer agree on the terms of the debate and their respective
roles. According to some, it made clear that intellectuals could no longer
keep up with the progress of science (Canales, 2015).

It is regrettable that the sciences and humanities have grown so much
apart, since they have much to learn from each other. Time, as a concept
that connects the material world to lived experience, is especially of
common interest: a proper understanding demands that different ap-
proaches from physics and philosophy converge at certain points. A
recent edited volume (Campo & Gozzano, 2021) connects discussions of
the Einstein-Bergson debate to contemporary problems in science. In
physics, the debate is of direct relevance for the search for a theory of
quantum gravity, as Carlo Rovelli notes in the preface to this volume:
conflicting conceptions of the nature of time is one of the central ob-
structions for the unification of the theory of relativity with quantum
physics. Perhaps Bergson (1965) was right in claiming that “once rela-
tivity theory is accepted as a theory in physics, everything is not
finished” (p. 133).

The aim of this paper is to revisit the Einstein-Bergson debate and
develop a detailed historical-philosophical analysis of their arguments.
In Section 2, an in-depth review of Bergson's philosophy of time and his
use of multiplicities is given. Section 3 zooms in on Einstein's interpre-
tation of the theory of relativity and how it differed from others such as
Lorentz, Michelson, and Poincaré. Both these sections serve as a back-
ground for the analysis of the debate in Section 4; here, I will show that
Bergson made a mistake in his discussion of the twin paradox but that
this shouldn't undermine his entire critique: he was right in pointing out
that time dilation is not an experienceable phenomenon, and this should
why he argued that the notion of a single Time is compatible with the
theory of relativity. In the conclusion and outlook given in Section 5, I
will make a connection with contemporary physics and argue that
Bergson's philosophy can be useful for making sense of recent ap-
proaches to the problem of time in quantum gravity.

It is important to emphasise that this paper is specifically about the
Einstein-Bergson debate and its relevance for contemporary physics. It
does not interact with (recent) literature in the philosophy, psychology
or neuroscience of time (see Arstila & Lloyd, 2014; Bardon, 2024 for an
overview), nor does it aim to directly participate in philosophical dis-
cussions of the problem of time in quantum gravity (see Anderson, 2012
for areview), even though the ideas discussed here are of relevance to it.

2. Bergson's philosophy of time

Bergson's philosophy is — in his own words — built on intuition. It is
for this reason that it has often been misunderstood to be based on
‘imprecise’ concepts — and that Russell (1912) characterised his phi-
losophy as “nothing more” than an “imaginative and poetic worldview”
(p. 334). Perhaps for most people ‘intuition’ carries a slightly different
connotation, but Bergson did conceive of it as a rigorous method, which
was meant precisely to bring back precision into philosophy. The
problem with most philosophical theories was, Bergson (1946) believed,
that they are “too wide for reality” (p. 7). Rather, a satisfactory philo-
sophical theory should “fit tightly to its object,” and this was to be
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achieved by using intuition as a method. The usual way we try to grasp
the world is by stringing together readymade and clear-cut concepts —
we move around the object, creating ever more perspectives depending
on the concept that we choose to measure it against; intuition amounts
to placing oneself inside the object, which allows us to attain something
‘absolute’ (Bergson, 1912). This leads to a different approach to
metaphysics.

2.1. Two types of multiplicity

At the heart of Bergson's philosophy lies the concept of multiplicity —
a concept that is also the source of much confusion. According to Del-
euze (1991), Bergson borrows this concept directly from the mathe-
matician Bernhard Riemann, who first coined the term.! Others have
pointed out that Bergson himself nowhere refers to Riemann — but it is
definitely not unconceivable that he had read his work, since Bergson
was known to have a great interest in mathematics (Widder, 2019).

Nowadays in physics and mathematics, ‘manifold’ is used to denote a
certain type of topological space; namely one that can have any shape
globally but looks flat locally, which means that it admits a generalised
notion of distance using a ‘metric.’” However, Riemann (2016) first
conceived of a more general philosophical notion of ‘manifoldness’
which allowed for different specialisations: continuous and discrete
manifolds — only the latter of which are usually considered in mathe-
matics. Crucially, in Time and Free Will Bergson (1910) makes a similar
distinction between qualitative and quantitative multiplicities: while the
external relations between material objects lead to the idea of a homo-
geneous space which is a quantitative multiplicity, states of conscious-
ness, that permeate each other and differ from each other first of all
qualitatively, live in a heterogeneous duration which should be
considered a qualitative multiplicity. It is this form of multiplicity that
he calls time or duration (dureé).

Riemann noted that, while discrete multiplicities contain the prin-
ciple of their metrics in themselves, making an unambiguous definition
of a notion of distance and quantitative relations possible, continuous
multiplicities contain no such thing. The question of whether physical
space itself is a continuous or discrete manifold he left open to the
empirical sciences. For Bergson however, every clear idea of quantity or
number already implies space. To see this, consider the following: a
number is a collection of units that is constructed by the operation of
counting, adding the different units together. During this operation we
only retain of the different elements what is common to them, such that
we can consider the units to be identical — I count five apples and three
pears or eight pieces of fruit. How then do these units differ such that we
can count them as separate elements? A separation of identical units can
be achieved only by considering them as occupying different positions in
some kind of manifold or multiplicity — but this multiplicity cannot be
time, since in pure duration only succession is possible and “a moment of
time cannot persist to be added to others” (Bergson, 1910, p. 87). The
operation of addition requires that we retain the units that we add
together; we need to place them next to each other, and the constructed
number only makes sense if we think of the units as given simulta-
neously. Thus the concept of number implies a juxtaposition in space.

One might object that surely we can count in time; indeed I have no
trouble with repeating the successive numbers in my head without
picturing units juxtaposed in space. But as Bergson emphasises, we must

! Riemann uses the word ‘manningfalt’ which is directly translated into En-
glish as ‘manifold’- both terms derive from the same Germanic root. French
writers use the latinised term ‘multiplicité,” which is then usually translated
into English as ‘multiplicity.” Nowadays in English ‘multiplicity’ is primarily
used in philosophical contexts and ‘manifold’ in mathematical contexts, but
originally the two words should have meant the same thing.

2 Additionally, the space has to be second-countable to be metrizable, see
(Kelley, 1975, pp. 124-140).



L. Vinck

distinguish the abstract notion of number from the underlying idea that
it represents; once we have become familiar with this notion and its
formal representation we know that three follows two and it is easy to
count in pure duration in which there is only succession, but if we really
think of what the number three means, we will always picture three
things that are presented simultaneously for which they must be juxta-
posed in an imaginary space.

Moreover, the concept of number always implies discontinuity. Not
because the units of which the number is constructed are indivisible — on
the contrary; as Bergson (1910) notes, the unit derives its unity from the
fact that “we master the whole of it by a simple and indivisible intuition
of the mind,” but this implies that the unit is itself a unity of a whole and
hence a multiplicity, since “there must be some multiplicity for it to
unify” (p. 80). It is by this act of unification that during the process of
counting we can regard the units as indivisible and jump from one to the
other, and in this sense the formation of number implies discontinuity.
But these units are only units provisionally; for as soon as we finish its
construction we are free to divide up the number in any way we like, and
we must admit that the number three is equally well composed of six
halves or twelve quarters, or we could now consider the number three as
a provisional unit and start adding it to itself. In other words, during the
construction of number we consider the units as points, but as soon as we
are done this collection of points extends into a line, ‘objectifying’ it —
how else could we imagine something as infinitely divisible and a unity
if not by it being extended in a homogeneous space? (Bergson, 1910).

This is also how we usually think of continuous spaces in mathe-
matics. Earlier we suggested that mathematics only deals with discon-
tinuous multiplicities; most mathematicians would disagree with this
statement, but it must be admitted that although we think of many
spaces as continuous, we formally define them usually as a set of points —
and a set of zero-dimensional points, albeit infinitely many, can never
form a one- or higher-dimensional extended object just by itself, since by
logical necessity zero added to zero is always zero. Hence when we say
that the set of real numbers forms the real line, we can only do so
through an act of unification by which we think of the whole and
objectify it — again we must distinguish between the set of points which
we defined to be the manifold itself and the line which is formed as a
representation of the whole by an act of mind.

What we said of numbers seems to hold for discrete multiplicities in
general — they are the same thing: two mathematical points which are
identical by definition must be separated in some kind of homogeneous
space, since, as Bergson (1910) points out, it is not just a quality of
matter but a logical necessity that no two things can occupy the same
place at the same time, and its “contrary assertion involves an absurdity
which no conceivable experience could succeed in dispelling” (p. 88).
Note that here Bergson agrees with Kant; space does not pertain to the
things in themselves, but is an a priori intuition — an intuition that must
be invoked as soon as we think of discrete multiplicities. And because we
must place them in a homogeneous space, the idea of two points
immediately leads us to the notion of a line, which follows from their
difference in space and can then be extended as we like. This line be-
tween two points is exactly how we define distance; and it is therefore
that, as Riemann said, discrete multiplicities contain the principle of
their metrics in themselves. In what we usually call continuous mani-
folds in mathematics, in which the distance between two adjacent points
is made arbitrarily small, we can still apply a notion of distance through
the definition of an infinitesimal line element — but this would not be
possible on a manifold that is truly continuous and where there are no
points to define a distance between. The only way to achieve this would
be by arbitrarily segmenting the manifold, thereby making it discrete.

2.2. Pure duration as qualitative multiplicity
Summarising what we have found so far: we have distinguished two

types of multiplicities, one continuous and the other discrete. In the
latter, the different elements are by definition external to each other,
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and therefore we must invoke an intuition of space and extension out of
which a notion of distance arises; anytime we speak of quantities or
numbers this is formed out of such a discrete multiplicity. Of the former
we have said mostly what it is not, and we have loosely connected it to a
concept of ‘pure duration.” We are now in a position to properly define
this concept.

First let us make an important remark: it is not entirely impossible to
conceive of experience without a notion of space (think for example of
certain dreams), but consciousness without duration seems to lead to a
contradiction. This observation points at the fact that time defined as
duration is intricately connected to consciousness — indeed, Bergson
would later argue that they are essentially the same. But what is expe-
rience separated from space? As noted above, Bergson follows Kant in
arguing that the sensations we experience are not themselves extensive:
space is something that we add to our sensations by an act of mind,
consisting in an intuition of an empty homogeneous medium in which
we place our sensations next to each other — in other words, space is the
form in which we represent our sensations to ourselves (an a priori form
of sensibility as Kant would call it) which should be separated from its
content matter. This does not mean that space is less real than the un-
derlying sensations, Bergson (1910) argues — it is rather a reality of a
“different order” (p. 92).

We thus have two kinds of reality: one of pure qualities or sensations
and the other their projection into a homogeneous space. These may
appear similar to Kant's phenomenal and noumenal worlds — but note
the difference: while Kant distinguishes the appearance of the thing,
which is always represented through the a priori forms of sensibility
(time and space), and the thing in itself, which is inaccessible to us but
whose existence is inferred by cognition; Bergson distinguishes two
levels of experience: purely qualitative sensations in time and their
representation in space, which is achieved through an act of mind. And
here we come to the central point of Bergson's philosophy and his use of
intuition as a method: Bergson (1912) criticises Kant for maintaining
that “the intellect is incapable of anything but Platonising — that is, of
pouring all possible experience in pre-existing moulds” (p. 85). It is true
that this is the usual way in which our intellect proceeds - after all, our
use of intellect is not disinterested; we typically acquire knowledge for
some specific purpose, we want to know to what extent something
agrees with this or that idea. Readymade concepts are best suited for
this. They represent a certain perspective, something to measure the
object against, and as such can determine our attitude towards it. This is
what Bergson calls ‘analysis.” It is the method that is systematically
applied and formalised in the sciences through the use of symbols. And —
we repeat — it depends on an idea of space, since it is a certain way of
cutting up the world in different elements that are external to each other,
placing them in a homogeneous medium.

Bergson agrees with Kant that in this way, we can never get to the
‘thing in itself.” But contrary to Kant, Bergson (1912) maintains that we
can attain something absolute by an ‘intellectual sympathy’ that he calls
intuition. Whereas analysis moves around the object, creating ever more
perspectives, intuition means placing oneself inside it, “in order to
coincide with what is unique in it and consequently inexpressible” (p. 7).
And while the different perspectives added together always seem to
approach the thing but can never quite grasp it, the intuition from within
immediately gives us the whole of it and shows us how different per-
spectives correspond to it: from the concepts of red and yellow we could
never get to the colour orange, but once we have experienced orange we
immediately see how it is both yellow and red. Intuition thus corre-
sponds to the purely qualitative multiplicity that is our experience
before we project it in space: pure duration. Pure duration is time freed
from space. And intuition means thinking in time rather than space
(Deleuze, 1991).

It is not strange then that it is so hard to give an analytical definition
of time, although everybody seems to know what time is. We tend to
think of time as a line in which successive moments are placed side by
side. Time thus conceived is a homogeneous medium, whose different
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moments are external to each other (we can separate them) and are
given simultaneously — but as such it is nothing other than space
(Bergson, 1910). This is very different from the intuitive understanding
we have of time. It is hard to put into words, but we might at least say the
following: that time flows in one direction only, that we cannot go back
in time or jump to the distant future, that we remember the past but that
the future must still unfold itself, that one moment must pass for the
other to come, and so on. Some physicists may say that such an intuitive
understanding is ‘imprecise’ (e.g. Rovelli, 2011, p. 1484). Yet the same
could be said of a more rigorous definition in which time could just as
well flow backwards, or at a different pace, and can be cut up in little
pieces without altering its content, in which all of the past and future are
given at once. Of course this is useful for doing calculations and making
predictions and therefore not wrong. But we cannot help but think that
there is something more to time that seems to escape it, because intui-
tively we know what time is: we are living it every moment.

Returning to the beginning of this section, we can now see why,
according to Bergson, intuition is the proper method for philosophy. The
sciences typically work with concepts, which enable them to abstract
from the world that which is general and hence calculable and pre-
dictable; they can attain precision by closely fitting their conceptual
frameworks to empirical findings — a never-ending process of finetuning
and improvement. By contrast, philosophy, and specifically meta-
physics, should free itself from “rigid and ready-made concepts,” in
order to create “supple, mobile, and almost fluid representations” which
can “mould themselves on the fleeting forms of intuition” (Bergson,
1912, p. 21). After all, all concepts have their origin in intuition.

2.3. Virtual-actual: past and present

The distinction between qualitative and quantitative multiplicities
would form the basis for the actual/virtual dichotomy, which is prom-
inent in Bergson's later works. And it is important to emphasise here that
what started as a notion of psychological duration in Time and Free Will
becomes an ontological notion once we accept that things exist inde-
pendently of our consciousness: to endure things must participate in a
duration themselves. And will this duration, which was defined as
multiplicity, not “become confused with being itself?” (Deleuze, 1991, p.
48). Everything that ‘is,” is in time. The question is what kind of being we
can ascribe to things being past, present, or future.

Intuitively we say that it is time's essence to flow. We can then
immediately distinguish a past as that which has gone by, a present as
that which is passing and a future as that which is yet to come. It is
tempting to say that the past ‘was,’ the present ‘is,” and the future ‘will
be’ — but this seems too simple. Properly speaking, the present is not
because at every moment it is both already passing and still becoming
(Bergson, 2004). The past, on the other hand, is what ‘is’ for all times.
And the future is what ‘will be’ — but so long as it is not, not yet becoming
even, it remains undetermined. Bergson rejects the idea that the future is
entirely given in the past or present. Of course we can make predictions
of the future using our analytic capabilities — this is the domain of sci-
ence - but these remain abstractions based on what is common in things:
our actual state of being tomorrow will include all lived duration up till
that moment which cannot be shorted, nor jumped over, without
altering its content (Bergson, 1946).

Importantly, for Bergson this also means that possibilities cannot
pre-exist their realisation, this is only a retrospective projection. In re-
ality, the future always contains something radically new. Bergson thus
opposes the actual/virtual distinction to the real/possible. The possible
is classically seen as less than the real, the real being the possible with
the additional property of existence — but according to Bergson (1946),
the possible is in fact more than the real since it is the image of the
(negation of) the real projected back into the past by an additional act of
mind. The virtual is, on the other hand, no less real than the actual. What
is actual is always present: but with it co-exists a virtual past. Our
reluctance to admit the survival of the past, argues Bergson (2004), is a
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consequence of our natural interestedness, which prompts our con-
sciousness to focus only on those states in the more remote past that are
considered useful in combination with our present situation — rendering
them active and hence actual again by the means of memory. (Properly
speaking however, it is not the past itself that becomes actual, but its
representation that is actualised into a present state: the pure past is by
nature virtual.) Hence, nothing is added to the virtual as it is actualised
in the present, which is instead achieved through a continuous move-
ment of contraction and rotation — contraction bringing it down to the
point where the action takes place, rotation presenting its side which
proves to be most useful in the present situation.

This makes sense, once one realises that the present is formed by
perception, and that perception is essentially the contraction of diffuse
elements into a single sensible quality: even the briefest sensation of
light already consists of millions of vibrations, setting off a chain reac-
tion in our sensory apparatus. Bergson (2004) thus concludes that “every
perception is already memory,” and that “practically we only perceive
the past, the pure present being the invisible progress of the past
gnawing into the future” (p. 194). We can conceive of a plurality of
different rhythms, different durations, participating in a single being
which they perceive in different degrees of tension, by contracting this
virtual whole into divergent actual tendencies or flows. Time consists of
this contraction, which prolongs the past into the present in anticipation
of the future.

3. A short history of relativity

Einstein is widely known for his theory of relativity, which funda-
mentally altered our understanding of time and space and led to his
clash with Bergson. However, his accomplishments should not be
viewed in isolation. For the main postulates and results of his special
theory of relativity — the constancy of the speed of light, length
contraction and time dilation under relative motion, the equivalence of
reference frames — were developed by others, notably Lorentz and
Poincaré. Einstein's contribution was initially a different interpretation
of their works (Canales, 2015). It is important to emphasise that what
Bergson would challenge was also Einstein's interpretation of the
Michelson-Morley experiment, the Lorentz transformation equations,
and the principle of relativity — not the validity of those results.

3.1. The special theory

Lorentz originally conceived of his transformations equations in an
attempt to save the aether from the unexpected null-result of the
Michelson-Morley experiment, which seemed to imply that the speed of
light was the same for all observers independent of their motion. He
interpreted the length contractions and time dilations that followed
from his equations as mathematical artefacts rather than physical effects
(Brown, 2001). Poincaré realised that the existence of a preferred
background frame like the aether was not needed for the formulation of
a consistent theory. As early as 1898, he therefore argued that “of two
watches, we have no right to say that the one goes true, the other wrong;
we can only say that it is advantageous to conform to the indications of
the first” (p. 6). Poincaré (1900) interpreted Lorentz’ length contrac-
tions to apply to real, physical objects, and clocks in a moving frame to
read a different ‘local time.” And in 1905, he also wrote that the
“indubitable result” of the Michelson-Morley experiment was that the
laws of physics are the same in all inertial frames and that we have no
means to determine whether we are in (absolute) motion or at rest — he
called this the “principle of relativity” — which according to him would
lead to a “new mechanics” with the characteristic feature that nothing
could surpass the speed of light” (Poincaré, 1958, pp. 103-104).

This was indeed the approach that Einstein (1952) took in his
now-classic paper on special relativity — which was at that time however
not considered revolutionary and even hardly noticed, for the simple
reason that it did not contain much news. Also Einstein (1905) himself
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described it only as a “rough draft [...] employing a modification of the
theory of space and time” (p. 20). The main difference between Einstein
and others like Michelson, Lorentz, and Poincaré is in their philosophical
views: the latter saw Einstein's conclusions (and their own) simply as
one among different possible interpretations (Canales, 2015). In
particular, Poincaré (1913) — considered a conventionalist® — wrote that
“it matters little whether the aether really exists; that is the affair of the
metaphysicians” (p. 174). Similarly, Lorentz believed that it was better
to hold on to the aether hypothesis because this prevented confusions
between ‘real” and ‘apparent’ phenomena, not because it was necessary
(Nersessian, 1986). And Michelson is reported to have told Bergson that
he was “astonished” that Einstein used his experiment as a ‘proof” for his
theory, while it was according to him also “susceptible to a completely
different interpretation” (Chevalier, 1959, p. 46). However, in his
debate with Bergson, Einstein argued that his interpretation was the
only ‘objective’ view (Canales, 2015). His philosophy was close to that
of Ernst Mach: science should, Einstein (1936) believed, aim for a
description of reality that was as ‘complete’ as possible using a minimum
of concepts and relations. The only correct conclusion one could draw
from the Michelson-Morley experiment was therefore that there is no
aether and no absolute notion of space and time.

In his original 1905 paper, Einstein (1952) was cautious not to move
too much into the domain of metaphysics. For the purpose of his argu-
ment, he defined time simply as a judgement of simultaneity of events:
we can always replace the sentence “that train arrives here at 7 o'clock”
with “The pointing of the small hand of my watch to 7 and the arrival of
the train are simultaneous events” (p. 39). Note that Bergson would
agree with this definition: it describes much more precisely what the
physicist means by the measured variable t. Subsequently, Einstein
defined a prescription for the synchronisation of spatially separated
clocks by the use of light signals.? It is from the application of this
prescription to frames moving relative to each other that — given the
constancy of the speed of light and the absence of a preferred frame of
reference — he concludes that the simultaneity of two spatially separated
events carries no absolute meaning but is observer-dependent. More-
over, he concluded that two clocks that are initially spatially separated
and synchronised will mark different times when brought together,
because the clocks will run out of sync when moving relative to each
other. This latter point would form the basis for Langevin's famous twin
paradox — which was for a large part responsible for the popularisation
of Einstein's theory of relativity and brought it under the attention of the
French intelligentsia.

3.2. Twin paradox

Presenting at a congress in Bologna (where Bergson was also pre-
sent), Langevin (1911, pp. 210-211) provoked the imagination of the
audience by claiming that “anyone among us willing to dedicate two
years of their life, to know what the earth will be like in two hundred
years” can do this: all they had to do was get into a spaceship, fly away
with a speed close to the speed of light, and turn around after one year;
upon return, they will find the earth to have aged much more than the
two years that they themselves have aged® — at least, that was according
to Langevin what Einstein's theory predicted. Like we said, Einstein's
theory was initially a theory of clocks, and it was not at all clear whether
the same conclusions would apply to biological processes such as ageing
or ‘Time’ in general. Some months before the congress, Einstein (1993)
had already pondered about the effects of time dilation on a living

3 More precisely, Poincaré’s philosophy of science combines ideas from neo-
Kantianism, structural realism, and conventionalism (see Ivanova, 2015).

4 Also proposed earlier by Poincaré (1904/1905).

5 Later, the thought experiment was amended by replacing the single trav-
eller by a pair of twins, one of which stays home, to highlight the ‘real-life’
implications of ageing differently — giving the thought experiment its name.
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organism in a box, considering it the “thing at its funniest” (p. 348). But
it was only after the stir that Langevin's talk in Bologna had caused that
he started to seriously think about these kind of consequences of his
theory. And it was also around this time that philosophers and scientists
in France started to wonder how Einstein's relativity would fit with the
philosophy of Bergson. Most of them rejected the idea that the effects of
time dilation would apply to biological or psychological processes, while
Langevin strongly defended this view (Canales, 2015). The twin paradox
would become a central topic in these discussions and the debate with
Bergson.

3.3. The general theory

It is sometimes said that special relativity cannot deal with acceler-
ation - this is not true: in the special theory, the principle of relativity is
limited to inertial frames, but once we have chosen an appropriate set of
coordinates, we are free to consider any trajectory in these coordinates
we like, also accelerated ones. In his 1905 paper, Einstein also dealt with
cases involving acceleration, albeit only qualitatively. Still, the fact that
in the twin paradox the voyager has to accelerate to return home has
caused confusion as on how the paradox should be interpreted in the
theory. Langevin (1911) had argued that “those who have aged the least
are those whose movement during the separation was the farthest from
being uniform, who experienced most accelerations” (p. 210), but this
conclusion remained imprecise and hardly quantifiable. Besides, it raises
the question whether the physical effect of time dilation is caused by the
acceleration or the (relative) motion itself, as the theory of relativity
originally would suggest.

In any case, Einstein had realised the caveats in his theory con-
cerning the effects of acceleration long before the twin paradox and had
started working on a new theory that would include these; this ‘general
theory of relativity' was finished in 1915 and, surprisingly, did not
overthrow his earlier work but included it as a special case. It is this
theory that would arguably be Einstein's biggest contribution to science.
Yet, since the general theory is much less accessible for a laymen than
the special one, it is often left out of (popular) discussions of relativity in
general and of the twin paradox in particular. Bergson too chose to limit
his critique of Einstein to the special theory, which seems to have been a
deliberate choice to keep his argument more simple — although he
admitted that “within the special theory there was a kind of demand for
the general theory” (Bergson, 1965, p. 37). This would, according to
some, become his Achilles heel.

4. The debate

In April 1922, Einstein travelled to Paris, where he was invited by
Langevin to lecture at the College de France. To make use of the occa-
sion, the Société Francaise de Philosophie also invited him for a dis-
cussion the following day. For years the members of this prestigious
institute had anticipated a clash between Einstein and the most
esteemed philosopher in their middle, Bergson — who himself had so far
avoided being dragged into the discussion. Publicly at least, because his
book Duration and Simultaneity, which would be his response to Einstein’
theory, was already in press (Canales, 2015). Also during Einstein's visit,
Bergson did not intend to engage in a discussion with the physicist but
maintained that he “came to listen” (Bergson et al., 1969, 128). How-
ever, pressured by his peers and students he had to speak.

4.1. Bergson's speech

In his address to Einstein, Bergson started by stating that he admired
his work, which he described as not only a new physics but a “new way
of thinking” (Bergson et al., 1969, p. 128). However, he believed that the
theory of relativity was actually compatible with the notion of a single
Time. To support this thesis, he chose to focus on one particular aspect of
time: simultaneity.
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What we ordinarily mean by the simultaneity of two events, Bergson
argued, is that we can grasp them within a single instantaneous
perception. This implies that we can share our attention among two
things without dividing it, doubling it without splitting. We do this all
the time: when you are sitting in a train, for example, the landscapes that
steadily flow past, the music from your headphones, the old man that is
sleeping in front of you — all become entangled in a single duration while
remaining distinct: they are one and many at the same time, a qualitative
multiplicity. We can focus our attention on one of its particular aspects —
the snoring of the old man, the meadows outside — but meanwhile we
remain conscious of the whole which is grasped in an indivisible act of
attention; just like we can single out the individual instruments in a
piece of music while also perceiving the global sound that they com-
binedly produce.® Hence, when we say that two events are simultaneous
we mean that there is (1) an instantaneous perception of the two and (2)
that this perception is at the same time one and divisible at will. This
definition of simultaneity is given intuitively, said Bergson, and “it is
absolute in that it depends on no mathematical convention, on no
physical operation like the regulation of clocks” (Bergson et al., 1969, p.
130).

The definition of simultaneity that is used in Einstein's theory of
relativity is different, Bergson continued. Here, two distant events are
considered to be simultaneous when they happen ‘at the same time’ —
that is, according to Einstein's definition, when synchronised clocks that
are placed at the location of the events mark the same hour. Bergson
agreed that simultaneity defined this way has no absolute meaning for
the same reasons that Einstein put forward in his 1905 paper: simulta-
neity of the readings of the clocks C and C, placed next to the events E
and E, depends on the operation that is used to ‘mutually regulate’ these
clocks. However, the inference that also the simultaneity of the events E
and E is relative, rests on the assumption that there is an absolute
simultaneity between the indication of the clock C and the event E, and
the indication of the clock C' and the event E’ —i.e. that they are grasped
in a single perception. This is indeed what Einstein did when he argued
that locally we can define time by replacing the sentence ‘the train ar-
rives at seven’ with ‘the arrival of the train and my watch indicating
seven are simultaneous events.’ If such an absolute notion of simulta-
neity, that does not depend on the operation of synchronising clocks,
would not exist, “clocks would not be made, or at least no one would buy
them,” Bergson continued - “For clocks are only bought in order to know
what time it is; and to ‘know what time it is’ consists in observing a
correspondence, not between an indication of a clock and another
indication of a clock but between an indication of a clock and the
moment at which one finds oneself, the event taking place — something,
finally, which is not the indication of a clock” (Bergson et al., 1969, p.
132).

In short, the definition of simultaneity that is used by Einstein and
that is relative, is dependent on a more primary, intuitive notion of
simultaneity that is absolute. But here comes the crux: while Einstein
may ascertain unambiguously that the arrival of the train and the small
hand of his watch pointing at seven are simultaneous events, we can
imagine some microbes protesting to this by saying: “we are more Ein-
steinian than you, Monsieur Einstein” (Bergson et al., 1969, p. 132) —
and they will start synchronising their microbe clocks by exchanging
light signals between the train and Einstein's watch, and conclude that
the simultaneity of these events is entirely dependent on the perspective
of the observer.

The point of the above discussion, Bergson emphasised, is not to raise
any objections against Einstein's definition of simultaneity or the theory
of relativity in general; all he wanted to establish is that “once relativity
theory is accepted as a theory in physics, everything is not finished”
(Bergson et al., 1969, p. 132-133) - it remains to be seen what philo-
sophical signification can be attributed to the concepts that the theory

6 Slight variation of the examples that Bergson used in his speech.
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introduces and what degree of reality can be ascribed to them.

In particular, Bergson believed that the notion of a single Time is not
incompatible with the theory of relativity. This is a notion that is given
intuitively: within ourselves we all experience a continuous flow, a
duration, which includes not only ourselves but also things outside of us.
It is then tempting to think that all things that endure partake in a single
duration — a universal time. Clearly, this is not a necessary conclusion.
However, it is a valid explanation that, moreover, seems to be in line
with common sense - that is, with how we act in daily life. And this
would be Bergson's position — like that of Michelson, Lorentz, and
Poincaré - towards Einstein's relativity again and again: we could draw
some very strong conclusions from the theory, but we do not have to,
since the theory is not necessarily incompatible with ideas derived from
common sense — and these are preferable (Canales, 2015).

4.2. Einstein's reply

Einstein's response during the meeting was rather short. He replied:
“The question is therefore posed as follows: is the time of the philoso-
pher the same as that of the physicist?” (Bergson et al., 1969, p. 133).
According to Einstein, the philosopher's time is both physical and psy-
chological: it connects the lived inner duration to things outside of us.
However, nothing permits us to do this, he argued. In our experience we
have the simultaneity of perceptions, and we conceive of a temporal
order in them; but there are also “objective events independent of in-
dividuals,” and we cannot unambiguously deduce the simultaneity of
these events themselves from the simultaneity of our perceptions
because of the finite magnitude of the speed of light. Einstein concluded:
“hence there is no philosopher's time; there is only a psychological time
different from that of the physicist” (Bergson et al., 1969, p. 133).

In other words, whereas Bergson questioned the philosophical sig-
nificance of certain aspects of Einstein's theory, Einstein questioned the
role of the philosopher here altogether. According to him, there was a
psychological time, that we experience, and a physical time, that is
measured — and these should not be mixed up, as philosophers tend to
do. Although Einstein was accredited with revolutionising physics, he
was, from the perspective of the French philosophers, quite an old
fashioned thinker: he held a mechanistic worldview that saw a strong
divide between things of mind and things of matter — the Cartesian
tradition that Bergsonism had contested.” Einstein firmly believed in the
existence of an observer-independent reality that was completely gov-
erned by deterministic laws.® Physics was to give a description of this
reality that was as objective as possible: independent of the perspective
of the observer and independent of the individual preferences of the
theorist. Of the riches of our inner life, physics should therefore exclu-
sively deal with ‘sense experiences’ and the understanding of their re-
lations, from which the reality of the external world can be inferred.
Although Einstein (1936) agreed that the basic concepts of science are
derived from ‘everyday thinking,” science should be seen as a ‘refine-
ment’ of this type of thinking rather than adjust itself to it: the best
theory, according to Einstein, was one that was as ‘complete’ as possible
but at the same time used a minimum of concepts and relations, seeking
the logical unity which everyday thinking lacks (p. 352). Note the
contrast here with Bergson who, as we remarked in the beginning of
Section 2, argued that a theory should ‘fit precisely to its object.’

4.3. The debate continues

The confrontation in Paris marked the start of a debate that would

7 Actually, Einstein was an admirer of Spinoza, whose natural philosophy has
similarities with that of Descartes but also differences (see e.g. Jammer, 2002;
Paty, 1986).

8 See, for example, the letter from Einstein to Born from November 7, 1944
(Born, 1949, p. 122).
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continue for years. A few months after, Bergson's Duration and Simulta-
neity was published, which contained a detailed account of his objec-
tions to Einstein's interpretation of the theory of relativity. Bergson
(1965) analysed the Lorentz equations “term by term,” he wrote, looking
for the concrete reality that they corresponded to; and — much to his own
surprise — he found that Einstein's findings did not only appear
compatible but even supported with evidence the notion of a single
Time, that Bergson had never put forward as a hypothesis before but that
“harmonised quite naturally” with his concept of duration (p. 5). The
confusion, according to Bergson, had been caused by those who gave the
theory of relativity the force of a philosophy without further thought.
Let's take a look at his arguments again.

The important point for Bergson is that we cannot think of a reality
that endures without inserting some form of consciousness in it. As long
as we are exclusively dealing with measurements and the formal treat-
ment of symbols, it not necessary to do this; but as soon as we are
concerned with the question of what it is that we are measuring — what
reality it pertains to — we have to picture it to ourselves as being grasped
by some kind of consciousness, partaking in some duration. Because
nothing can be conceived of as real if it does not persist, even for the
shortest moment, in time; and “we cannot conceive a time without
imagining it as perceived and lived” (Bergson, 1965, p. 49).

Consider, for example, the case of two observers in uniform motion
with respect to each other: from the perspective of observer A that
considers themselves stationary, time seems to slow down in the system
of B. According to Bergson, we should investigate whether this time
dilation that A ascribes to B is real in the sense that it corresponds to a
liveable experience or whether it is an artefact of the choice of coordi-
nate system — which is arbitrary and therefore cannot produce real ef-
fects. Now, the reciprocity of motion implies that the problem is
completely symmetric: the time dilation that the A ascribes to B, is the
same as B ascribes to A — who from their perspective is the one that is
actually moving. Also, since the principle of relativity dictates that both
reference frames are equivalent, we cannot say that one observer is more
right or wrong than the other.

In fact, Bergson points out, neither would be right if they claim that
the real time experienced in the other system is slowing down: this
would lead to a contradiction, since the other is equally right in claiming
that the time of the first observer is slowing down. At best, the observers
can conclude that time seems to slow down in the other system from their
perspective. Bergson compares this to an artist portraying a person that is
standing far away: sure, they will paint them as very small on their
canvas, because that is how they appear from the perspective that they
have chosen - but the artist would never claim that the person really is
the size of a grape because of that. Similarly, the observer-physicist A
may depict with the coordinates that they have chosen time in the sys-
tem of B as being slower, because that is what it looks like from their
frame of reference; but they should not claim that time is really slowing
down there. Such claims would make them a philosopher — and as a
philosopher, they cannot get away with describing the other mathe-
matically. They would have to consider the fact that B is also a conscious
being and - by an act of mind that Bergson calls intuition - try to place
themselves within B; they would then realise that B naturally takes their
own system as a frame of reference and considers themselves stationary,
and hence that there is no slowing down of time for B in their own
system; they would have to conclude that the time dilation that they
ascribed to B is not real, because the time they ascribed to B does not
correspond to a duration that is actually lived by B.

The multiplicity of times that follows from the theory of relativity
therefore in no way precludes the unity of real time, argues Bergson;
rather, it presupposes it, because the principle of relativity requires that
observers in all inertial frames experience the same thing under the same
circumstances. This would be Bergson's core argument in Duration and
Simultaneity; and it would also determine his answer to the twin
paradox.
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4.4. Twin paradox revisited

To repeat the thought-experiment: consider a pair of twins — Bergson
calls them Peter and Paul - of which one, say Paul, is launched into space
from a large cannon. The projectile travels at 0.99995c away from earth
and, after some time, turns around to return with the same speed. In the
meantime, Peter remains on earth, where two hundred years pass before
Paul returns. But he does not expect his twin brother to be as grey as he
his upon their reunion; because according to his calculations, Paul has
only aged two years during his journey. Is Peter right?

According to Bergson (1965), he is not. If we want to know how
much Paul has aged - that is, how much time he has lived through - it is
“to the living, conscious Paul that we must address ourselves and not to
Paul's image represented in Peter's consciousness” (p. 74). In other
words, we should ‘stay with Paul,” adopt his point of view. But Paul will
obviously take his projectile as the stationary frame. We have the exact
same but opposite situation: the earth with Peter flies away at 0.99995¢
and returns with the same speed, while Paul remains stationary in his
projectile in space. Hence “we must now repeat for Paul everything we
said for Peter,” since the two are interchangeable. Bergson (1965)
concludes: “If, earlier, looking into Peter's consciousness, we witnessed a
certain flow, we are going to find the exactly the same flow in Paul's
consciousness. If we said that the first flow lasted two hundred years, the
other flow will also last two hundred years” (p. 74).

Bergson argument seems solid, even unshakable, insofar as the sit-
uation sketched is indeed symmetric — but is it really? Here Bergson's
Achilles heel comes into play, for there is one thing that he seems to
forget: the voyager turns around, which requires an acceleration. Does
this not break the symmetry?

In fact, Bergson does not forget this of course; he argues that accel-
eration, just like uniform motion, is reciprocal: from the perspective of
Peter, Paul turns around and from the perspective of Paul, Peter turns
around — the symmetry is, in Bergson's (1965) words, “perfect” (p. 168).

He also acknowledges that this is a controversial claim - for good
reasons. Consider, for example, a train riding along a railway embank-
ment; as long as the two are in uniform motion with respect to each
other, a physicist on the train can make the same claims as another on
the embankment — there is no way to determine which one of the two is
‘really’ in motion. But when the train stops, all passengers including the
physicist will feel a sudden jolt which has no counterpart on the
embankment. We may therefore object that as soon as there is an ac-
celeration in the train, the symmetry is broken — now we can determine
which one of the two is accelerating. However, according to Bergson
(1965), this assumption is based on a misunderstanding, that follows
from the fact that we consider as a single system what is actually a
“manifold of different systems” (p. 174) — the particles that make up the
train, the seats, the passengers, and so on. The forces that we feel upon
accelerating are the result of the composite system trying to retain the
relative positions between its constituent parts. Would we instead
consider two identical indecomposable particles in empty space, then
acceleration would appear completely reciprocal — argues Bergson.

But here Bergson seems to make a mistake. It is true that if we have
two particles in empty space and adopt one as the stationary reference
point with respect to which the other particle is in variable motion, the
first particle would have exhibited the same variable motion if we had
chosen the other as our reference point. However, what Bergson fails to
take into account is that an acceleration cannot occur spontaneously —
something has to happen in at least one of the two systems in order for
the reciprocal motion to change. There seem to be two possibilities then:
either the acceleration is caused by an interaction between the two
particles, or it is caused by an interaction with a third system. In the first
case, the situation is symmetric: the force corresponding to the accel-
eration is ‘felt’ by both particles equally and can be considered recip-
rocal. In the second case however, things are different. If, for example,
one of the particles collides with a third one, the symmetry is broken:
what brings about the acceleration is not felt equally by both particles;
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and it makes more sense to say that one of the particle is actually
accelerating, because that is where the action takes place — although the
variation in distance remains reciprocal.

What case are we dealing with in the twin paradox? This is not really
specified, but from the context we may assume that the projectile is
equipped with some kind of jet engine that Paul uses to turn around. The
action thus takes place within the composite system that Paul is part of:
between Paul and the matter that is ejected by the engine the acceler-
ation is reciprocal — they feel the force equally; but between Peter and
Paul there is a clear asymmetry: Paul will feel a force and Peter not.
Hence the statement ‘the voyager turns around and returns to earth’ is
not equivalent to ‘the earth turns around and returns to the voyager.’
The acceleration will be part of the duration — it will be lived — by one of
the observers only; and it will change this duration qualitatively,
meaning that the inner flow of one is thus no longer interchangeable
with the inner flow of the other.

Such would also be Einstein's response to the twin paradox —
although he waited some 7 years, until after the completion of the
general theory, to formulate his answer to the thought experiment,
which should indicate that Einstein did not think the solution to be as
simple as Langevin presented it originally. In a text published in 1918,
Einstein (2002) described a Socratic dialogue between a ‘critic’ and a
‘relativist’ discussing the twin paradox. The critic's argument largely
corresponded to that of Bergson. The relativist countered it simply by
reminding the critic that in special relativity only inertial frames are
deemed equivalent. The projectile of the voyager does not constitute an
inertial frame, and their perspective is therefore not equivalent to that of
the twin remaining on earth. Hence, Bergson's argument no longer
holds.

Still, this seems to imply that the actual time dilation is effectuated
only by the acceleration. Yet the time dilation that the home-staying
twin calculates for his travelling brother is based on his speed and the
length of travel and has nothing to do with the acceleration, that only
‘invalidates’ the viewpoint of the other. This seems unnatural.” More-
over, we could make the journey arbitrarily long, such that the time-
dilating effects of acceleration becomes negligible compared to length
of the journey — shouldn't the twins then be the same age upon return?'’
In any case, it is rather unsatisfactory to simply dismiss the viewpoint of
the accelerating brother; his experience is real and in principle we
should be able to get the same result from either perspective — provided
we know how to properly translate between them. This was realised by
Einstein too; that is why he waited so long with his response, because
what he needed to properly deal with the effects of acceleration was the
general theory and the equivalence principle.'!

In the general theory, the earth and the projectile are indeed, as
Bergson had argued, equivalent reference frames. But this does not mean
that the situation is symmetric: from the perspective of Paul - the
travelling twin - the earth moves away while his projectile remains
stationary; at the moment when the earth turns around, Paul feels a
strong gravitational field that pulls them towards the side of the pro-
jectile. During this period of gravitation, Paul's clock runs slower than
Peter's, because Paul is in a lower gravitational potential. The longer the
trip has been, the further they are apart, the bigger the difference in

° A similar argument is made by Maudlin (2012).

10 This argument was among others put forward by Herbert Dingle in the
introduction to the English edition of Duration and Simultaneity.

11 More recently, authors have emphasised that the twin paradox can also be
solved in special relativity without depending on acceleration. For example,
Maudlin (2012) argues that the paradox is explained simply by referring to the
geometry of spacetime without using concepts like motion or speed: it's only a
matter of comparing the lengths of the trajectories in Minkowski space. Others
like Kogut (2012) point out that the twin paradox can also be formulated
without the need of anyone accelerating. However, in this setup only clock
readings can be compared and not the actual twins.
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gravitational potential, and hence the greater the effect of time dilation.
Einstein (2002) shows that the time dilation calculated from the
perspective of Paul due to the difference in gravitational potential
exactly equals the time dilation that Peter ascribes to Paul due to their
motion. Langevin was therefore right in stating that the observer who
experiences the most acceleration ages slowest.

Bergson does not respond directly to this argument from the general
theory; he simply holds that acceleration, like all motion, is reciprocal
and that there is a perfect symmetry between the perspectives of Peter
and Paul. As we have argued above, he seems to have made a mistake
here. Still, despite his error, Bergson's critique can be instructive, as it
brings attention to the fact that time dilation cannot be something
directly experienceable — how could it? If everything around us,
including the running of clocks, slowed down equally with the flow of
our thoughts, we would evidently have no experience of anything
‘slowing down.’ Time dilation only has an operational meaning when we
can compare durations — and since comparing is measuring, this implies
that it only applies to quantised, spatialised time.

4.5. Is there a single time?

Does the theory of relativity therefore imply a single Time, as
Bergson argued? It is true that this does not follow convincingly from his
argument in Duration in Simultaneity — perhaps it was a mistake to move
too much into the domain of physics, fighting the battle on Einstein's
own ground. However, resurrected in the context of his own philosophy,
as Deleuze (1991) attempted, his arguments appear more clearly. No-
where does Bergson deny the possibility of multiple durations, that
differ from each other qualitatively, Deleuze points out. We should not
forget that Bergson defined duration as multiplicity — a virtual, quali-
tative multiplicity — and that this multiplicity can be divided at will
without being split up. When we talk about multiple durations we
should therefore distinguish the actual fluxes and the virtual whole in
which they participate. Firstly, each of the fluxes contained in a single
perception is actual insofar as they are lived or at least imagined to be
liveable. That is, they are actual insofar as the division from the virtual
whole is effectively carried out by turning our attention towards them,
placing ourselves within them (Deleuze, 1991). Secondly, each of these
actual flows coexists only virtually. We can never have two actual ten-
dencies at the same time: whenever we try to imagine two durations
together, we have to take on the perspective of a third that contains them
— it is then this third duration that is actualised and the others that
co-exist with it virtually. Just like in the example in Section 4.1, the
landscape gliding past, the snoring of the old man, the music in your
headphones, can exist together only because they are contained by your
own duration — that unifies them but is itself also part of the whole. In
other words, if the division is not effectively carried out and we consider
the different flows together, they are not clearly separable; they cannot
be considered a collection of units — a quantitative multiplicity — but
constitute a single whole; because if our consciousness “terminates the
division at a given point, there also terminates the divisibility” (Bergson,
2004, p. 274) - such is the nature of qualitative multiplicity.

The thesis of a single time should therefore be understood in a
twofold sense: (1) each of the actual durations consists of a single time,
because as soon as we actualise it by placing ourselves within it by an act
of intuition we will conceive it as a single flow; and (2) these different
durations co-exist virtually in a single whole, because if we imagine
them together we have to take on the perspective of a third duration that
unifies them.'? In this way, the notion of a single Time underlies the
possibility of experience and hence of reality: something is real only
insofar as we can imagine it as being grasped by a consciousness, which
means taking on a single perspective and experiencing a single time. In
the twin paradox, we have indeed two different flows of durations.

12 Cf. Moore (1997) for a similar idea in the analytical tradition.
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These flows differ from each other qualitatively; one experiences ac-
celeration or gravity and the other does not. We can only actualise one of
these flows at a time, taking on the perspective of either Peter or Paul —
and in each case we will find the experience of a single duration in which
the other exists only virtually. Or if we take on the perspective of a third
observer at a distance, both will be unified virtually in this single
duration.

5. Conclusion and outlook

To make up the score then, we can conclude the following. A notion
of time dilation makes sense only if we can compare durations.
Comparing is measuring; we can only do this with spatialised time that is
a quantitative multiplicity and not with lived duration that is a quali-
tative multiplicity. Einstein is therefore right in conceiving of time as a
fourth dimension of space; Bergson is also right in pointing out that there
is another, intuitive notion of time that underlies the concepts in his
theory. In its spatialised version, time is multiple; durations can be
measured against each other and considered to be more rapid or slower,
contracted or dilated. But in the time that we live — and that underlies
the meaning that we ascribe to this fourth dimension of space — there is
only one flow of time in which our surroundings partake. Accordingly, in
spatialised time simultaneity is relative, while in our lived duration it is
something absolute.

In contemporary physics, the search for a theory of quantum gravity
has forced physicists to reconsider the problem of time. Some of them
reach similar conclusions as Bergson did. For example, Rovelli (2002)
has argued that in a general relativistic theory there can be no a priori
distinction between independent and dependent (partial) observables.'*
This means there cannot be a concept of time like in classical or quantum
mechanics, in which time takes the role of a distinguished independent
variable. Instead, Rovelli (2011) has advocated for a relational view on
dynamics in quantum gravity (an idea that goes back to Page & Woot-
ters, 1983). Time is then not a part of the fundamental description of
reality in physics but appears as an observer-dependent phenomenon in
the thermodynamic limit, where it determines our experience.' But this
does not mean that our experience of time is not ‘real’ — on the contrary.
In a philosophical paper, Rovelli (2019, p. 1326) emphasises that “there
is nothing in relativity which is in contradiction with our experience of
time.” The temporal structure of reality, as described by physics, is
defined by change and becoming, not ‘things,” he argues. As such, it
“makes sense to think of becoming as real” — but this becoming is
inherently local, making it “different and more complex than a naive
oriented one-dimensional succession of instants.” To really see time
emerging, we thus have to take on the perspective of a particular
observer. Bergson's philosophy of intuition provides a basis for under-
standing why this is the case, and why time cannot be part of a reality
abstracted from observers.

Also Hertog (2023) has argued that time should not be seen as a
fundamental concept in physics. Together with Hawking, he advocated
for a so called ‘top-down’ approach to cosmology, combining recent
advances in string theory and holography with an Everettian interpre-
tation of quantum theory (Hawking & Hertog, 2006). Their central idea
is that at the deepest level of reality, we create our own universe through
perception: the actualisation of possible histories in the past. And since
in some sense our present observations are all there actually is, Hertog
(2023) argues, the past may be seen as virtually emergent from this

13 Rovelli defines partial observables as physical quantities (i.e. numbers) that
can be obtained directly from a measurement procedure, as opposed to com-
plete observables that are quantities whose value can be predicted as a relation
between partial observables.

4 In quantum theory, such a notion of ‘thermal time’ is supported by Tomita-
Takesaki theory, which builds on an algebraic approach to quantum field the-
ory (Connes & Rovelli, 1994; see also Swanson, 2021).
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present surface. From this he concludes that the purported holographic
dual to our universe may be living on the ‘boundary’ that is our present,
with time as the extra emergent dimension. Our universe could then be
described by a microscopic theory in which time does not play a role at
all and all dynamics are relational.

It should be emphasised that these are conjectures. But what these
examples aim to illustrate is that there is a more widely accepted view
among contemporary physicists that in a theory of quantum gravity time
might not be fundamental anymore, but emerges in the perspective of
the observer.'® Bergson's philosophy can be useful for making sense of
such a notion of time. After all, Bergson's had always argued that time in
physics was really nothing other than space. This was Bergson's central
argument in his debate with Einstein: he maintained that what was
called time in relativity was very different from our intuitive notion of
‘Time,” and that the theory's implications for the former would not
automatically carry over to the latter. But if this quantitative notion of
time in physics never really was ‘Time,” and if real time can be under-
stood only by taking on the perspective of an observer, it is perhaps not
surprising that time becomes a redundant concept in a more abstract,
observer-independent description of reality formulated by physics.

This links back to Bergson's distinction between analytic and intui-
tive ways of knowing. Time cannot be grasped by analysis, because it
cannot be reduced to anything that exists within time, and thus cannot
be represented. But it is known because we exist within it as well.
Perhaps one of the biggest contributions of the theory of relativity to the
sciences is that it dissolved the idea of time as a fundamental quantity
that appears in equations. But a deeper, intuitive notion of time re-enters
physics through a backdoor: the experience of the observer. Because
something can be considered as having a real existence only insofar as
we can imagine it as being grasped by some form of consciousness — or in
other words, placing it in time. For Rovelli (2011), time reappears in the
thermodynamic limit as the “expression of our ignorance of the full
microstate of the system” (p. 1486); for Hertog (2023), as the virtual
dimension in a holographic duality. Of course, it should be noted that
the ‘observers’ considered by Rovelli and Hertog are given very little
interpretation, and it is thus not a priori clear whether they can corre-
spond to the same thing as Bergson's consciousnesses. More work is
needed to see to what extent exactly Bergson's philosophy is applicable
here. But at least, the concept of observers in physics and the central role
they are given by contemporary physicist in giving meaning to time
provides the basis for a bridge between physics and intuitive philosophy.

This philosophy suggests that time is always the form in which the
ideal reality of the physicist presents itself to us, the observers. Such an
ideal reality thus does not need a notion of time itself, and it is probably
productive to leave it out completely of the sought-after theory of
everything. We should just remember that, in the end, theoretical
models serve to explain an observed reality that appears in time.
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