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Introduction
In the current situation, one characterized by a plurality of heterogeneous time concepts,
cross-disciplinary discussion about the problem of time assumes particular importance.1 The
central problem for current debate on time is to relate the varying concepts of time developed in
individual scientific disciplines both to one another and to everyday experience (cf.
Baumgartner, 1993; Burger, 1993; Le Poidevin/McBeath, 1993; Mainzer, 1996;
Gimmler/Sandbothe/Zimmerli, 1997; Baert, 1999).2 In the attempt to solve this task different
approaches can be distinguished. They are embedded in two lines of development, to be
outlined below, which determine current time theory.

The first basic tendency in contemporary philosophy of time may be described as the tendency to
unify and to universalize our understanding of time. The protagonists of this tendency are
convinced that the aspect of time is to be considered a new Archimedean point, unifying our
everyday experience of self and the world with scientific theories about humankind and nature.
This point of unity, they contend further, has been highlighted over and over again in philosophy
(for instance by von Baader, Schelling, Bergson, Whitehead or Heidegger), but has been ignored
for far too long by science and technology. It was not until the second half of this century that a
global time concept was developed and mathematically operationalized at the interface between
physics, chemistry and biology within the framework of the so-called theories of ‘selforganization’ (cf. Griffin, 1986 and Krohn/Küppers/Nowotny, 1990). According to the
proponents of the unification tendency, this new conception of time enables the old duality
between natural time and historical time to be overcome and marks the beginning of the
resolution of the conflict between physical and philosophical thinking about time which had been
characteristic of time theories at the start of the 20th century. In this sense the German
philosopher of time and history Hermann Lübbe observed in his book In the Course of Time ‘that
even the temporal structure of historicality, which, according to Heidegger and the hermeneutic
theory that followed him, results exclusively from the subject’s relationship to itself and its
constituting of meaning, is in reality a structure indifferent to subject matter, belonging to all open
and dynamic systems’ (Lübbe, 1992, p. 30).

1

For a comprehensive bibliography on the subject of time arranged by discipline, see Macey,
1991.
2
I have followed up the influence of electronic media on the scientific concept of time and
everyday experience of time in Sandbothe, 1996, 1999. See also Sandbothe/Zimmerli, 1994.
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Lübbe’s convergence theorem can draw support from the deliberations of one of the founders of
self-organization theory. Already in 1973, the Nobel prize-winning physicist and chemist Ilya
Prigogine noted with his theory of irreversible structures in mind: ‘Whatever the future of these
ideas, it seems to me that the dialogue between physics and natural philosophy can begin on a
new basis. I don't think that I can exaggerate by stating that the problem of time marks
specifically the divorce between physics on one side, psychology and epistemology on the other.
(...). We see that physics is starting to overcome these barriers’ (Prigogine, 1973, p. 590f.).
Prigogine further developed the specific signature of the current debate on time in the closing
chapter of his 1984 revision to the German edition of Being and Becoming:3 ‘It is remarkable
to recognize the extent to which some of the recent results [of natural science, MS] had been
anticipated by philosophers like Bergson, Whitehead and Heidegger. The main difference
consists of the fact that they could reach such conclusions only in contrast to natural science,
whereas we are now observing that these insights emerge so to speak from scientific research’
(Prigogine, 1988, p. 262). And Prigogine’s convergence theorem is found again, more
precisely formulated, in an essay he published together with Serge Pahaut in 1988: ‘Both
classical and relativistic or quantum physics concentrated on time considered as motion. It
seemed as if time as qualitative change lie outside its horizon. From this there results on one
side the temptation, which we meet even with Einstein, to deny the existence of time or
history, and on the other side there result from this the objections of philosophers like
Bergson, Whitehead, Husserl or Heidegger, who see the pauper’s oath of the scientific
method in this denial. Strangely enough we can today set our sights on the possibility of a
synthesis linking these two aspects of time with each other’ (Prigogine/Pahaut, 1985, p. 26).

The second line of development in contemporary theory of time is best seen when one
reconsiders the assumptions common to the advocates of the unification and universalization
tendency. Time is considered by them to be a uniform universal base structure which disavows
itself of historical contingency and cultural change. Thus Lübbe and Prigogine consider the
‘ontological universality of the temporality aspect’ (Lübbe, 1992, p. 31) of self-organization’s
3

There is in general no throughgoing correspondence between the German and English
editions of the various works of Prigogine referred to by the author in the present work.
Wherever possible I have referred to English versions; where, however, this has not proved
possible I translate the German. In the case of Being and Becoming a revised German edition
appeared in 1984. This added a new concluding chapter ‘Irreversibility and Space-Time
Structure’ – referred to here – to the previous German edition, which had been based on the
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‘participatory universe’ (Prigogine/Stengers, 1981, pp. 267ff., 287f.; cf. also Wheeler, 1979,
pp. 407ff.) to be evident. Advocates of the second basic tendency, a tendency to historize and
relativize time, proceed from the basic idea that the role played by time in human
understanding of self and the world is one aspect of a system of practical and technical habits
which diverges between cultures and changes within a culture in contingent conditions over
history.

This approach is advocated with particular refinement by the American pragmatist Richard Rorty.
The basic premise of Rorty’s thinking is ‘that a belief can still regulate action, can still be thought
worth dying for, among people who are quite aware that this belief is caused by nothing deeper
than contingent historical circumstances’ (Rorty, 1989, p. 189). According to Rorty radically
temporal thinking must do away with the theologically founded conception that time and eternity
come together in man (Rorty, 1995). Instead Rorty demands ‘that we [should] try to get to the
point where we no longer worship anything, where we treat nothing as a quasi divinity, where we
treat everything - our language, our conscience, our community - as a product of time and chance’
(Rorty, 1989, p. 22). According to Rorty we will succeed in this only when we no longer mystify
time, but understand it in a radically reflexive way as being a product of chance
(Gimmler/Sandbothe/Zimmerli, 1997, pp. 1-78; cf. Janich, 1996).

The interrelations between the different concepts of time currently being discussed in the
sciences, as well as the question of the relationship between academic and everyday perceptions
of time, are to be dealt with pragmatically on the basis of the historization tendency advocated by
Rorty. Convergence between different vocabularies of time is, from Rorty’s perspective, by no
means proof of an intrinsic coincidence between natural and historical time. The mathematical
and technological operationalization and successful functionalization of the vocabulary of time
that until now had served us only for the purposes of self-description indicates only the historical
transformability, inner flexibility and contextual boundness even of such highly attuned
vocabularies as those of physics, mathematics or logic. The different vocabularies we make use of
for differing purposes and in varying contexts are subject to change over time, through which
they are respectively related to and distinguished from one another in a varying and contingent
way in different historical situations.

The radical temporalization of time expressed in these deliberations had already been outlined in
English edition of 1980. The 1980 English edition has not been similarly revised [trans.].
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literature by the Austrian novelist Robert Musil. In his novel The Man without Qualities he
writes, ‘The train of events is a train unrolling its rails ahead of itself. The river of time is a river
sweeping its banks along with it. The traveller moves about on a solid floor between solid walls;
but the floor and the walls are being moved along too, imperceptibly, and yet in very lively
fashion, by the movements that his fellow-travellers make’ (Musil, 1954, p. 174).4 Within
modern philosophy the inner reflexivity of the modern apprehension of time, articulated here by
Musil, was founded by Martin Heidegger. In the following considerations the developmental
lines highlighted in current theory of time will be set in the context of two basic tendencies that
pervade modernity’s thinking on time altogether. These basic tendencies of the modern time
debate can be described as two ways of temporalizing time (cf. Sandbothe, 1994, 1997). The
objective temporalization of time in physics contrasts with the reflexive temporalization of time
in philosophy.

The different ways of temporalizing time appear with particular clarity in the time theories of
Martin Heidegger and Ilya Prigogine which form the focus of the present work. Both authors
have been prominent advocates of pioneering concepts of time in the 20th century. The
philosophical analysis of temporality presented by Heidegger in his early main work Being
and Time (1927) may be considered the Magna Carta of the philosophy of time in the 20th
century. The Nobel Prize winning chemico-physical research carried out by Prigogine in the
second half of the century has, from the side of thermodynamics, destabilized the time
concepts in the physical disciplines of dynamics, quantum theory and cosmology. The present
work historically situates Heidegger’s and Prigogine’s time concepts in the context of the
basic tendencies of modern debate on time and uses this basis to relate them to one another
systematically. The physical temporalization of time is examined as a historical process
taking place at the object level of natural scientific research and culminating in Prigogine’s
work. The reflexive temporalization of time in philosophy is set alongside the objective
temporalization of time in physics as a set of intellectual instruments allowing the objective
understanding of time of physics to be critically reinterpreted.

4

I am grateful to Wolfgang Welsch for pointing out this quote to me.
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I. The Objective Temporalization of Time in Physics
To reveal the objective temporalization tendency that took shape in the 19th and 20th
centuries with the emergence and development of the physical discipline of thermodynamics I
will rely on the reconstruction of the history of the physical understanding of time presented
by Ilya Prigogine and Isabelle Stengers in their joint work Order out of Chaos (1985). In
secondary literature on Prigogine this reconstruction is usually understood to be a merely
preliminary work and excluded from considerations.5 Against this tendency I would like to
foreground the connection existing between Prigogine and Stengers’ reconstruction of the
immanent pluralization of physical discourse, which took place in the transition from the 19th
to the 20th century, and the temporalization of the physical understanding of time which took
place in the history of modern thermodynamics from Fourier and Carnot, by way of Thomson,
Clausius and Boltzmann, through to Gibbs, Onsager and Prigogine.

1) The Concept of Reversible Time as the Fundament of Classical Thermodynamics
In the first part of Order out of Chaos Prigogine and Stengers begin by setting out the basic
features of the concept of reversible time underlying classical Newtonian physics in order to
use this as a demarcational foil for their science-historical reconstruction of the
temporalization of time in modern physics. Under the heading ‘The Delusion of the
Universal’ the authors describe the ‘Triumph of Reason’ (Prigogine/Stengers, 1985, p. 27ff.)
as being an undertaking deploying mathematical methods and laying claim to global
‘Identification of the Real’ (Prigogine/Stengers, 1985, p. 57ff.), that is, identification of all
domains of reality. In summary, the basic features of the time concept underlying classical
physics can be described using the three decisive steps of abstraction which comprise the
fundament of modern physics.
The first, and fundamental, abstraction and idealization step made by modern science is
identified by Prigogine and Stengers as being the reduction in the multitude of different forms
of change. According to Aristotle’s Physics, which remained canonical until the late middle
ages, there are ‘as many types of motion or change as there are of being’ (Aristotle, 1984a,
Book III, 201a, p. 343). From Galileo onward modern science has limited itself to the basic
model of external motion, that is, to change in position. Summarizing critically, Prigogine and
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Stengers write: ‘there is only one type of change surviving in dynamics, one “process,” and
that is motion. The qualitative diversity of changes in nature is reduced to the study of the
relative displacement of material bodies’ (Prigogine/Stengers, 1985, p. 62).

The idea of Newton and Galileo was that all complex forms of change in the broadest sense
(

, metabolé) could be sufficiently analysed and divided into their elements

that they could be grasped at the microlevel as cases of locomotion (
, kínesis katà tópon;

, phorá). This was to include what Aristotle distinguished

as the becoming or perishing of a substance (

, génesis kaì

phthorá), qualitative change in a substance’s properties (

, lloíosis), as well

as processes of increase and decrease (

, a xesis kaì

phthísis; Aristotle, 1984a, Book V, Ch. 1, 225a/b, Ch. 2, 226a/b, pp. 380f., 382f.). On this
Prigogine and Pahaut write: ‘Aristotle already understood different modalities of change,
above all displacement (local movement) and change in properties (alteration). Classical, as
well as relativistic and quantum physics have concentrated on time considered as motion. It
seemed as if time, as qualitative change, lay outside their horizon’ (Prigogine/Pahaut, 1985, p.
26).

Aristotle’s distinctions go beyond the difference between quantitative and qualitative change
mentioned by Prigogine and Stengers. Aristotle differentiates the different types of change –
– in two respects. According to the first criterion of differentiation – the
relation between the start and end points of the change – Aristotle names three types of
changes:

,

und

. A process of

place between contrary boundary points.

and

contradictory boundary points. For its part

takes
take place between

is further divided into three

subtypes: quantitative, qualitative, and local change. It is to the subtypes of

–

translated by Barnes as ‘motion’ – that Prigogine and Stengers are referring in the above
quote. According to the second criterion of differentiation – the order of the categories –
Aristotle distinguishes four forms of
poión),
'

(katà tò posón),
⎡

:

(katà tò
(katà tò po ) und

(kat' o⎡sían). Of these, the first three are to be determined as forms of
(Aristotle, 1984a, Book V, Ch. 1, 225b, p. 381; Conen, 1964, p. 37f).

5

Coveney/Highfield (1990) represents an exception as a work in which the authors pursue in
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In the second idealization step carried out by the founders of classical mechanics, locomotion,
as the extensionally universalized standard model of change altogether, is at the same time
intensionally grasped more narrowly; i.e. it is reduced to quantifiable, that is, mathematically
calculable, minimal and ideal definitions. Locomotion is no longer understood in the
Aristotelian manner as a body’s mode of being itself, dependent on its inner striving for its
‘natural goal’ (Aristotle, 1984b, 310b, p. 506; Koyré, 1978, p. 4ff.) at which it comes to rest.
Instead rest and motion are presupposed to be states of equal standing which inertly persist in
themselves as long as they are not influenced by external factors.

The restriction of modern physics to spatial motion corresponds to its methodical restriction
to the question of the causa efficiens, that is, to the efficient cause applied from outside. The
transition from the old outlook, based on Aristotle, to the new view becomes particularly clear
in the difference between the models with which Kepler, on the one hand, and Newton, on the
other, attempted to explain the forces which keep a planet in its orbit. Whereas Kepler still
searched for tangential forces which drive the planet onward (causa finalis), Newton was
interested only in the radial forces which determine the direction of the planet’s motion
(causa efficiens).

At the same time, through the limitation of enquiry to external influences, the question as to
‘why’ the motion as such occurs was no longer even posed; rather only the ‘how’ of the
change in motion, that is, the body’s acceleration was considered: ‘Ever since Galileo, one of
the central problems of physics has been the description of acceleration. The surprising
feature was that the change undergone by the state of motion of a body could be formulated in
simple mathematical terms. (...) Galileo discovered that we do not need to ask for the cause of
a state of motion if the motion is uniform, any more than it is necessary to ask the reason for a
state of rest’ (Prigogine/Stengers, 1985, p. 57).

Prigogine and Stengers are alluding here to the famous passage in the fourth book of Galileo’s
Dialogues Concerning Two New Sciences (1638) which anticipates the law of inertia later
formulated as the first law of motion by Newton: ‘Imagine any particle projected along a
horizontal plane without friction; then we know (...) that this particle will move along this

detail the history of modern physical thinking on time.
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same plane with a motion which is uniform and perpetual, provided the plane has no limits’
(Galileo, 1914, p. 244).

This idealizing presupposition is the precondition for the possibility of mathematical
calculation of acceleration, to which Newton then proceeded in a third idealization step, one
combining the previous two. At the same time, in the ‘Newtonian Synthesis’
(Prigogine/Stengers, 1985, p. 37) the old dichotomy between the forms of motion peculiar to
the sublunar and celestial world and to this world respectively was abolished and replaced
with a uniform concept of motion, valid for both cosmic and terrestrial conditions: ‘The
formulation of the Newtonian laws of motion made use of two converging developments: one
in physics, Kepler’s laws for planetary motion and Galileo’s laws for freely falling bodies,
and the other in mathematics, the formulation of differential of “infinitesimal” calculus’
(Prigogine/Stengers, 1985, p. 57).

Kepler’s laws of planetary motion served as a paradigmatic model of calculation for Newton.
They were explained by Newton in his Philosophiae naturalis principia mathematica (1687)
using his formulation of the universal law of gravitation and proven to be compatible with
Galileo’s laws of falling bodies (Newton, 1968, vol. 2, p. 206ff.). With this the decisive step
was made towards transferring macrocosmic notions of order to the sublunar sphere: ‘the
forces between the planets and those accelerating freely falling bodies are not merely similar,
but are the same’ (Prigogine/Stengers, 1985, p. 64).

The Newtonian synthesis of Kepler’s celestial mechanics with Galileo’s laws of free fall
prerequired the development of calculus. Only with this was Newton able to succeed in
describing the universe as a uniform system, one determined by the fact that ‘gravitational
forces connect any two bodies’ (Prigogine/Stengers, 1985, p. 59). Although in the Principia
(1687) Newton abstains from directly applying the fluxion calculation which he had already
developed in De analysi per aequationes infinitas (1669) and Methodus fluxiorum et serierum
infinitarum (1671), the Principia’s considerations are, in terms of content, based on the
calculus which was then to be developed by Leibniz in the form which remains usual to this
day.

The problem addressed by calculus is the problem of determining the instantaneous velocity
of a body. When one wants to determine the velocity of a moving body at a certain point in
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time, one is faced by the problem that, by definition, a single point in time encompasses no
duration. The instantaneous velocity of a body would accordingly be equal to zero at every
moment. In order to solve this paradox – one already formulated by Zeno – calculus operates
by considering limiting values. Instead of the timeless moment which it presupposes, it
examines infinitesimally small time intervals whose duration converges to zero. Everything
depends on the previous determination of the initial state, that is, on the fixation of the
position and velocity of a body at an assumed zero point in time, from which the limit of a
series of average velocities over ever decreasing time intervals is extrapolated. The result of
this operation is a differential quotient: the first derivative of position with respect to time.
Prigogine and Stengers comment: ‘Instantaneous velocities and accelerations are limiting
quantities that measure the ratio between two infinitesimal quantities: the variation of r (or v)
[that is, of position or velocity – M.S.] during a temporal interval 't, and this interval 't
when 't tends to zero. Such quantities are ‘derivatives with respect to time’’
(Prigogine/Stengers, 1985, p. 58).

In order additionally to calculate the acceleration of the body, that is, the rate of change in
velocity, brought about by the action of forces (such as gravitation), a further step is
necessary: its relationship to the elements of the system acting on it must be considered. The
calculation of acceleration is enabled only by the summation of the forces acting on all the
system’s relevant elements, that is, by integrating over the body. The reciprocal forces acting
on elements of the system are thus calculated according to the law of gravitation, which
defines the attractive force as being proportional to the masses of the attracting bodies and
inversely proportional to the square of their separation. The result of the integration yields the
trajectory: a curve containing ‘all the information acknowledged as relevant by dynamics’
(Prigogine/Stengers, 1985, p. 59). From the determination of the current state of a system the
trajectory allows the prediction of its future and past with equal exactitude.

The calculation of a dynamic system’s temporal change with the means of calculus expresses
the basic feature of the time concept underlying modern physics. The trajectory is not an
arrow marking an irreversible direction, but a line neutral to direction. On this line past and
future become interchangeable coordinates which can be calculated equally well from an
arbitrarily chosen now point. The ‘denial of the arrow of time’ (Prigogine/Stengers, 1993, p.
9, 42ff.) thus expressed is explained by Prigogine and Stengers when they write in summary:
‘In the world of dynamics, change is identified with acceleration or deceleration. The
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integration of the laws of motion leads to the trajectories that the particles follow. Therefore
the laws of change, of time’s impact on nature, are expressed in terms of the characteristics of
trajectories. The basic characteristics of trajectories are lawfulness, determinism, and
reversibility. (...) in order to calculate a trajectory we need, in addition to our knowledge of
the laws of motion, an empirical definition of a single instantaneous state of the system. (...)
The remarkable feature is that once the forces are known, any single state is sufficient to
define the system completely, not only its future but also its past. At each instant, therefore,
everything is given’ (Prigogine/Stengers, 1985, p. 60).

The fundamental property of reversibility is hence inscribed in all changes from the start
through the preordained structure of the dynamic equations: ‘The property of reversibility can
be quite simply expressed: the dynamic law is such that an (imaginary or computer-simulated)
inversion operation v → -v of the velocity of each point of the system is equivalent to an
inversion operation on the direction of time flow t → -t’ (Prigogine/Stengers/Pahaut, 1979, p.
44). The determination of reversibility is an attribution which is all but self-evident – yet it
was taken to be self-evident by the founders of classical mechanics: ‘The reversibility of a
dynamic trajectory was explicitly stated by all the founders of dynamics. For instance, when
Galileo or Huygens sought to describe the implications of the equivalence between cause and
effect, which they postulated as the basis of their mathematization of motion, they referred to
thought experiments such as an elastic ball bouncing on the ground. As the result of its
instantaneous velocity inversion, such a body would return to its initial position’
(Prigogine/Stengers, 1985, p. 60f.).

For the mathematically represented system, time in this way becomes just that neutral
parameter of an ‘Absolute, True, and Mathematical time’ (Newton, 1968, vol. 1, p. 8) which
Newton had appointed it to be in his Principia: ‘Absolute, True, and Mathematical time, of
itself, and from its own nature, flows equably without regard to any thing external (...)’
(Newton, 1968, vol. 1, p. 8). All deviations going beyond the information relevant to
dynamics, through which time would acquire a dynamics of its own that would hinder the
deterministic ascertainment of the system’s past and future, are excluded by Newton. They are
disqualified as being aspects of a ‘Relative (...) Time’ (Newton, 1968, vol. 1, p. 8) which is
‘some sensible and external (whether accurate or unequable) measure of Duration’ (Newton,
1968, vol. 1, p. 8) and which ‘is commonly used instead of True time’ (Newton, 1968, vol. 1,
p. 8).
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In spite of this exclusion of the ‘commonly used’ (Newton, 1968, vol. 1, p. 8) notion of time
from the system of Newtonian mechanics, dynamics makes a double claim to universality.
Prigogine and Stengers emphasize this when they write: ‘Newtonian dynamics thus appears to
be doubly universal’ (Prigogine/Stengers, 1985, p. 59). Firstly, ‘The definition of the law of
gravity (...) contains no reference to any scale of phenomena.’ And, secondly, ‘Since
gravitational forces connect any two bodies (...), the only true dynamic system is the universe
as a whole’ (Prigogine/Stengers, 1985, p. 59).
In his Opticks (1704, appendix 1706) Newton sketched the programmatic lines of a future
implementation of this universalization in all scientific domains, one which of course has not
been redeemable to the present day and which according to Prigogine and Stengers was
destined to failure from the start. In the concluding section he describes the spectrum of
applications for his celestial mechanics beyond the inorganic realm of the objects of physics.
Thus, with the realm of chemical and biological phenomena in mind, Newton praises the
‘method of analysis’ (Newton, 1952, p. 404) which ‘proceed[s] from compounds to
ingredients’ (Newton, 1952, p. 404) as being the universal method of science. The claim
expressed in this is clearly highlighted by Prigogine and Stengers early on: ‘Newton had no
hesitation regarding the universal nature of the laws set out in his Principia. Nature is “very
consonant and conformable to herself,” he asserts in the celebrated Question 31 of his Opticks
– and this strong and elliptical statement conceals a vast claim: combustion, fermentation,
heat, cohesion, magnetism ... there is no natural process which would not be produced by
these active forces – attractions and repulsions – that govern the motion of the stars and that
of freely falling bodies’ (Prigogine/Stengers, 1985, p. 28).

This universalization of a method gained through orientation towards Kepler’s laws of
motion, that is, an idealized macrocosmic system, was to become the basic dogma of the
classical conception of science: ‘we have believed in the “simplicity” of the microscopic’
(Prigogine, 1980, p. xiii). In this sense Newton summarizes at the end of the Opticks: ‘All
these things being consider’d, it seems probable to me, that God in the beginning form’d
matter in solid, massy, hard, impenetrable, moveable Particles (...); and that these primitive
Particles (...) are incomparably harder than any porous Bodies (...) even so very hard, as never
to wear or break in pieces (...)’ (Newton, 1952, p. 400). The core of this dogma, which, as
Prigogine and Stengers emphasize, is based on a hidden ‘metaphysical choice’
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(Prigogine/Stengers, 1988, p. 40), is brought to the point by the two authors in Order out of
Chaos as follows: ‘Classical science denied becoming, natural diversity, both considered by
Aristotle as attributes of the sublunar, inferior world. In this sense classical science brought
heaven to earth’ (Prigogine/Stengers, 1985, p. 305).

The three idealization steps reconstructed – the reduction of change to locomotion, the
determination of locomotion as a mathematical state according to the law of inertia, and the
precise mathematical calculation of this motion by means of calculus – constitute the basic
mechanical paradigm of classical physics and simultaneously denote the decisive operations
through which the ‘elimination of time’ (Prigogine, 1998, p. 17) is inscribed in the midst of
the modern conception of science. It should be noted here that the obliviousness to time in
classical physics, critically highlighted by Prigogine and Stengers, was for neither Galileo nor
Newton, nor their successors, an explicit or even a methodically reflected procedure.

The first philosophically developed account of time as a parameter (in the sense of modern
science) is found with Leibniz in the New Essays on the Human Understanding (Leibniz,
1981). In the Essays, written by Leibniz in 1704 but first published in 1765, he speaks in the
fourteenth chapter of the second book of ‘the idea of duration (...), which is a simple and
uniform continuum like a straight line’ (Leibniz, 1981, p. 152). Leibniz describes its
parametric function as a ‘measure of motion’ (Leibniz, 1981, p. 152) in the following way:
‘Changes in our perceptions prompt us to think of time, and we measure it by means of
uniform changes. But even if nothing in nature were uniform, time could still be determined
(...). Knowing the rules of non-uniform motions, we can always bring them back to
comprehensible uniform motions, and by this means predict what will happen through various
motions in combination. In this sense time is the measure of motion, i.e. uniform motion is the
measure of non-uniform motion’ (Leibniz, 1981, p. 152).

The oblivion to the arrow of time contained in the spatializing notion of parameters was dealt
with neither by Leibniz nor, later on, by Kant. Only at the close of the 19th century – that is,
more than two hundred years after Galileo’s introduction of the graphical representation of
time as a linear dimension in physics – did Boltzmann and Bergson draw scientific attention
to the obliviousness of classical physics to time (Serres, 1977, pp. 127-142;
Prigogine/Stengers, 1993, pp. 42-50; Szendrei, 1989). Throughout this period the negation of
time was carried out, but not noticed – thus itself being negated.
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This also holds for d’Alembert, who had nonetheless, in 1754 in the Encyclopèdie, already
pointed out the peculiarity that time appeared in dynamics only as a geometrical parameter.
With him this is simultaneously linked with the more refined idea – albeit one which no less
detemporalizes time – of a fourth dimension, which was taken up in earnest by Einstein and
Minkowsky at the beginning of the 20th century. D’Alembert writes: ‘An ingenious man
known to me believes that one could, however, regard duration as a fourth dimension (...)’
(D’Alembert, 1966, p. 1010), where Lagrange is probably meant by the ‘ingenious man’
referred to (Prigogine/Pahaut, 1985, p. 23). But d’Alembert then continues: ‘This idea can be
contested, but it seems to me to have some merit, if only that of being new’ (D’Alembert,
1966, p. 1010). D’Alembert, however, did not further pursue the task suggested in the first
sentence of methodically problematizing the spatial conception of time. Instead he names
only the novelty of the idea as an indication of its having ‘some merit’. The ‘plan to invoke
time as a complementary dimension for the description of mechanical phenomena’
(Prigogine/Pahaut, 1985, p. 23) first became important for physics with Minkowsky and
Einstein. For the great theoreticians of mechanics such as Lagrange and Laplace time, by
contrast, remained ‘a simple parameter of trajectories’ (Prigogine/Pahaut, 1985, p. 23).

That the obliviousness to time is already forgotten when it occurs is a fact not explicitly
mentioned by Prigogine and Stengers in Order out of Chaos. This fact is first clearly
highlighted in later works. Thus in their essay ‘Evolution and Irreversibility’ the authors point
out that ‘the radical character of a negation of all evolution arising from this revolution was
first understood with further extension of the theory’ (Prigogine/Stengers, 1990, p. 3f.). In the
Paradox of Time they highlight the double paradox of classical physics: ‘Indeed classical
dynamics, which was the paradigm of science altogether from the 17th century on, implicitly
postulated the radical denial of time. Evidence of the paradoxical character of this denial is
that it was never explicitly expressed until Boltzmann’s failure. None of the great
philosophers, be it Leibniz or Kant, who acknowledged dynamics as the model of human
rationality had ever dared to enounce or face up to this implication’ (Prigogine/Stengers,
1993, p. 43).
In Entre le temps et l’éternité Prigogine and Stengers name the fundamental status of the
temporal horizon for human experience as the reason for the fact that the obliviousness
towards time was itself forgotten: ‘The idea of a distinction between before and after is (...) a
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constituent of our experience to such an extent that we cannot describe this [experience, MS]
without presupposing this difference. (...) physicists could only read the negation contained in
dynamics out of their equations when they were forced to do so by the issue of irreversible
processes’ (Prigogine/Stengers, 1988, p. 33f.). This requirement, which arose with the
emergence and scientific establishment of thermodynamics as an independent discipline
within the system of physics, will now be looked at.

The establishment of the concept of the irreversible arrow of time within physics took place in
three steps, corresponding to the three different fields of work in contemporary
thermodynamics. The first step is represented by the founding of classical thermodynamics in
the 19th century, which is oriented towards equilibrium states in ideal and isolated systems.
The second and third steps are concerned with the transition from classical to modern
thermodynamics which took place in the 20th century. This does away with the old restriction
to the analysis of equilibrium states in ideal and isolated systems. Open systems now come
into consideration which, as a result of their exchange of energy and matter with the
environment, can no longer attain thermodynamic equilibrium, or which are so distant from
the thermodynamic final state that the dynamics of their evolution are no longer directed
towards a final state. It is in these systems, which are at the centre of the far from equilibrium
thermodynamics founded by Prigogine, that the variety of different, mutually and complexly
linked time forms are first expressed in all precision.

2) The Introduction of Irreversible Time in Physics:
On the Emergence and Scientific Establishment of Thermodynamics
Thermodynamics developed as a branch of physics from the practical technical cognitive
interest in the construction and perfection of heat engines. The first effective heat engine was
constructed by James Watt in 1782. Because of its close practical orientation and its methods
of empirical approximation, thermodynamics was for a long time treated as a kind of
stepchild of physics. Because of the degree of complexity of its object, thermodynamics
abstains from the outset from representing thermodynamic systems microphysically. The
enormous number of particles comprising the systems examined in thermodynamics is made
clear by Prigogine and Stengers: ‘Physical chemistry often employs Avogadro’s number – that
is, the number of molecules in a “mole” of matter (a mole of matter always contains the same
number of particles, the number of atoms contained in one gram of hydrogen). This number is
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of the order 6.1023, and it is the characteristic order of magnitude of the number of particles
forming systems governed by the laws of classical thermodynamics’ (Prigogine/Stengers,
1985, p. 120 footnote). In taking account of the complexity of its object thermodynamics
works exclusively with macroscopic parameters like pressure, volume and temperature. Yet
what was once considered ‘the “failing” of a physics which seemed condemned to empirical
approximations and predictions has now’, Prigogine and Stengers claim, ‘generally become
the key to a renewal of our notions of matter, space and time in physical theory’
(Prigogine/Stengers, 1981, p. III).

The beginnings of this new estimation of the significance of thermodynamics for 20th century
physics can already be found with the British physicist Arthur Eddington. In his book The
Nature of the Physical World, which Prigogine and Stengers explicitly refer to in the
introduction to Order out of Chaos, he writes: ‘from the point of view of philosophy of
science the conception associated with entropy must (...) be ranked as the great contribution
of the nineteenth century to scientific thought’ (Eddington, 1943, p. 103). It was also
Eddington who recognized early on the particular significance of thermodynamics as lying in
the introduction of ‘time’s arrow’ (Eddington, 1943, p. 68), which had been suppressed by the
classical conception of science, to research. Hence Eddington explicitly distinguishes the
second law of thermodynamics from the classical ‘primary law, (...) indifferent to a timedirection’ (Eddington, 1943, p. 76) by designating it an independent ‘secondary law’
(Eddington, 1943, p. 76) ‘which recognises a distinction between past and future more
profound than the difference of plus and minus’ (Eddington, 1943, p. 66f.). And at the end of
the chapter quoted Eddington summarizes: ‘I am interested in entropy not only because it
shortens calculations which can be made by other methods, but because it determines an
orientation which cannot be found by other methods’ (Eddington, 1943, p. 109).

First order thermodynamics was founded in the 19th century with three steps, made by Sadi
Carnot, William Thomson and Rudolf Clausius, and Ludwig Boltzmann. The third step, made
by Boltzmann, assumes particular importance both for the scientific establishment of
thermodynamics and for discussion about the time-theoretical presuppositions of modern
physics. To begin with, however, the basis laid by Carnot, Thomson and Clausius in the first
two foundational steps will be dealt with.

a) The Emergence of Thermodynamics in the 19th Century
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The prehistory of the emergence of thermodynamics begins with Fourier’s discovery of the
law of conduction against the background of the discovery of the principle of conservation
which was taking place in the first half of the 19th century. The first preparatory step towards
the development of thermodynamics – decades before the concept was coined and research
into heat became the independent object of an exact science – triggered intense disputes in the
scientific world already at the beginning of the 19th century. Fourier’s discovery of the law of
conduction, which was to become ‘the starting point of an investigation into the nature of
irreversibility’ (Prigogine/Stengers, 1985, 105), led already in the first third of the 19th
century to a decisive break with the self-apprehension of the classical conception of science
which dated back to Newton. This was a break which was to grow into a deep-reaching crisis
in the course of the 19th and 20th centuries and which Newton’s proponents and heirs sought
to patch up from the first and, over the course of time, with continually changing strategies.

Although Fourier had already been investigating the propagation of heat in solid bodies from
1807 onwards, his referees Lagrange, Laplace and Legendre, as strict proponents of
Newtonian doctrine, ensured that only in 1822 was it first possible for Fourier to summarize
and publish his results in the book The Analytical Theory of Heat. What was it about Fourier’s
work that was threatening for the protagonists of classical mechanics?

Prigogine and Stengers describe Fourier’s discovery as follows: ‘Fourier’s law, when applied
to an isolated body with an unhomogeneous temperature distribution, describes the gradual
onset of thermal equilibrium. The effect of heat propagation is to equalize progressively the
distribution of temperature until homogeneity is reached’ (Prigogine/Stengers, 1985, p. 105).
This fact, according to which heat propagation takes place as an irreversible process moving
towards a homogeneous final state, stood in diametrical opposition to the reversibility concept
of Newtonian mechanics. What was provocative for contemporary science of this time was,
above all, that the irreversible process of conduction could be simply and elegantly
represented mathematically. The flow of heat is proportional to the temperature gradient – that
is Fourier’s simple equation.
In his Course in Positive Philosophy (1830-1842) Auguste Comte immediately drew the
consequence from this result and ennobled Fourier’s result as one of the first purely positivist
research results in modern physics (Prigogine/Stengers, 1985, 104f.; Serres, 1977, esp. pp.
134-137; Serres, 1974, pp. 159-185; Serres, 1975). Comte highlighted here that Fourier’s
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‘theory of the distribution of heat’ (Comte, 1974, p. 196) was to be considered an example of
the direct ‘application (...) of mathematical analysis’ (Comte, 1974, p. 195), one not mediated
by preordained laws. According to Comte, Fourier succeeded by bringing ‘his subject up to
such a point of positivity as to place it next to the study of gravity’ (Comte, 1974, p. 204); this
high degree of positivity was seen to be directly employed ‘when we can seize the
fundamental law of phenomena, so as to make it the basis of a series of analytical deductions’
(Comte, 1974, p. 196). With a view to Descartes, Kepler and other physicists ‘even long after
Galileo’s time’ (Comte, 1974, p. 203) Comte criticizes the formation of hypotheses that aim at
‘determining the general agents to which different kinds of natural effects may be referred’
(Comte, 1974, p. 200). He views this way of explaining and justifying as being a last
influence of metaphysical philosophy and, against this, Comte continues, the ‘labors of
Fourier will evidently free thermology (...) from all fantastic notions about imaginary fluids’
(Comte, 1974, p. 204) and ought to be considered an example of the positivist principle of
physics, which states ‘that every scientific hypothesis (...) must relate exclusively to the laws
of phenomena, and never to their mode of production’ (Comte, 1974, p. 204).

And Comte went a step further still. He declared heat, alongside gravitation, to be an
independent universal of physical research and made this distinction the basis of his
classification of the sciences: ‘To the mechanical equilibrium between forces the positivist
classification simply adds the concept of thermal equilibrium’ (Prigogine/Stengers, 1985, p.
105). Indeed in his positive philosophy Comte divides physics into the domains of organic
and inorganic physics. Inorganic physics is for its part divided into astronomy and terrestrial
physics (Comte, 1974, p. 44f.). The latter consists once again of ‘barology’ (Comte, 1974,
Book III, Chapter 2), or the theory of weight, and ‘thermology’ (Comte, 1974, Book III,
Chapter 3), or the theory of heat.

With this last classification, one introduced by him, Comte is explicitly opposing attempts to
subordinate heat – say as thermal matter – in turn to the theory of massive bodies (Comte,
1974, p. 201f.). Instead he highlights the universality and independence of weight and heat:
‘gravity manifests itself in the same way in all bodies; and the same with phenomena of heat
(...)’ (Comte, 1974, p. 193). Serres writes of Comte: ‘He recognizes the tear and sees that
physics and science in general can no longer be uniform: that there is Newton and Fourier,
that the two universals cannot be reduced to one another, that the sun is the focus of our
world-system’s ellipse and simultaneously the focus of heat, and that different things are
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hidden behind these two similar words. And that, hence, the unity, which was provided by
nature in the age of metaphysics and once by God, has been forever lost. He admits that there
are several laws’ (Serres, 1977, p. 136). Comte diagnoses the first profound foundational
crisis of modern physics.

At the same time, in terms of the philosophy of science, the account of the internal
pluralization of physics, which finds expression in Comte’s emphasis of the equality of
mechanics and thermodynamics, is to be relativized. Comte’s classification has a hierarchical
background which Prigogine and Stengers suppress in their account of Comte. Although the
theory of weight and the theory of heat are, according to Comte, not reducible to one another,
their relationship to one another nonetheless remains determined by the scientific priority of
mechanics, which for Comte continues to come first among the departments of physics
(Comte, 1974, p. 204). The theory of heat is subsequent to this in terms of its degree of
scientific universality: ‘First will come Weight (...), regarded statically and dynamically [i.e.
as mechanics, M.S.] (...); weight being absolutely universal’ (Comte, 1974, p. 204). On this
Serres, who clearly brings out Comte’s inconsistency, writes: ‘The antagonism demands a
choice. Comte chooses. He leaves the order of the world and of science intact, conserves
classical history and the monument to Lagrange, and plugs the hole opened by the antagonism
by assigning Fourier a place outside of the text – in the dedication’ (Serres, 1993, p. 136).

Similar ambivalence is found with Eddington. Just as Comte in relation to Fourier’s law of
conduction, Eddington attributes the second law the status of a natural law, yet with the
graduation of first and second laws simultaneously introduces the prescription of a hierarchy
which disqualifies the second law in contrast to the first, actual, natural law: ‘the second law
of thermodynamics (...) stands aloof from all the rest. But this law has no application to the
behaviour of a single individual, and (...) its subject matter is the random element in a crowd’
(Eddington, 1943, p. 66f.). In doing this Eddington even explicitly points out the hierarchical
structure of his distinction: ‘I have called the laws controlling the behaviour of single
individuals “primary laws”, implying that the second law of thermodynamics, although a
recognised law of Nature, is in some sense a secondary law’ (Eddington, 1943, p. 75).

The fact which is of primary concern to Prigogine and Stengers remains unaffected by these
limitations: the accentuated consideration of the theory of heat in Comte’s classification
makes it strikingly clear that the universalism of Newtonian mechanics, which had just been
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brought to fruition by Laplace, sustained a violent recoil within the lifetime of its protagonist,
a blow which was immediately capitalized upon by Comte’s theory of science: ‘A physical
theory had been created that was every bit as mathematically rigorous as the mechanical laws
of motion but that remained completely alien to the Newtonian world’ (Prigogine/Stengers,
1985, p. 104; cf. also Comte, 1974, p. 108). In a later passage, with the scandal brought about
by Fourier and brought to a head by Comte’s philosophy of science in mind, Prigogine and
Stengers write: ‘The identity of the mathematical formulation of natural laws and of classical
mechanics was broken forever’ (Prigogine/Stengers, 1981, p. 282). In this spirit Comte
emphasizes that ‘there is something (...) chimerical in attempts at universal explanation by a
single law (...). Our intellectual resources are too narrow, and the universe is too complex, to
leave any hope that it will ever be within our power to carry scientific perfection to its last
degree of simplicity’ (Comte, 1974, p. 37).

The internal pluralization of physics which came to light in the science and philosophy of
science of the 19th century supports Prigogine and Stengers’ initial thesis of the openness, in
principle, of physical thinking for what eluded its own classical conception, a conception
which, particularly in the 19th century, was flourishing (Prigogine/Stengers, 1985, pp. 1-26).
At the height of its success a kind of counter-discourse was beginning to inscribe itself within
the discourse of mathematical natural science; even before the foundational crisis, a profound
foundational crisis was taking shape here which has scarcely been adequately considered in
the history of science to date.

The other important line of development, which was to nourish the theoretical
thermodynamics formulated by Thomson and Clausius in the 1850s and 1860s, had – unlike
Fourier’s discovery – a more stabilizing effect on the programme of classical mechanics
(Moscovici, 1977, pp. 400-406). The principle of energy conservation introduced a new
‘unifying element’ (Prigogine/Stengers, 1985, p. 108) into 19th century science, with which a
‘new golden age in physics began to take shape, an age that would lead to the ultimate
generalization of mechanics’ (Prigogine/Stengers, 1985, p. 111).

In his essay ‘Energy Conservation as an Example of Simultaneous Discovery’ (Kuhn, 1969),
from which Prigogine and Stengers’ account draws support, Thomas S. Kuhn shows how a
new ‘look’ (Kuhn, 1969, p. 324) to the physical sciences developed between 1800 and 1835,
one documented in popularized form in Mary Sommerville’s book On the Connexion of the
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Physical Sciences (Sommerville, 1975). The impression articulated by Sommerville of a new
connection between the different disciplines of physics is based on a chain of discoveries
following Volta’s invention of the battery in 1800. Common to the discoveries of Volta,
Oersted, Seebeck, Peltier, Faraday et al. which Kuhn, Prigogine and Stengers list is that their
respective objects were mutually independent transformation processes between ‘Chemical
Affinity, Electricity, Heat, Magnetism and other powers of Matter’ (Faraday, quoted from
Kuhn, 1969, p. 327; cf. Jones, 1870, vol. 2, p. 47). In this context Prigogine and Stengers
speak of a ‘network [of new processes] that ultimately linked all the new fields of physics
with other, more traditional branches, such as mechanics’ (Prigogine/Stengers, 1985, p. 107).

The principle of the conservation of energy, which was formulated in parallel by many
different scientists (Mayer, Joule, Colding, Helmholtz, Grove, Faraday et al.) in the 1840s,
proves, according to Kuhn, to be the ‘theoretical counterpart’ (Kuhn, 1969, p. 325) to these
initially isolated transformation processes. The transition from ‘the earlier network of
laboratory conversion processes’ (Kuhn, 1969, p. 325) to the theoretical formulation of the
law of energy conservation did not, however, take place in the sense of a cumulative and
logically strict growth in knowledge. Rather, Kuhn emphasizes: ‘This realization came neither
all at once, nor fully to all, nor with complete logical rigor’ (Kuhn, 1969, p. 328).

In an endnote Kuhn ekes out the ‘logical shortcoming’ (Kuhn, 1969, p. 346, note 26) which
attaches to the derivation of the conservation principle from the empirical system of the
manifold transformability of energy. Proceeding from the fact that every force can bring about
all others, and via the intermediate step that this prerequires the equality of cause and effect,
the pioneers of the conservation principle concluded the impossibility of energy loss in
transformations, that is, the necessary conservation of energy throughout all transformation
processes. The logical problem with this conclusion lies, according to Kuhn, in the more
detailed justification of the intermediate step. This justification states that the equality of
cause and effect refers to a comprehensive quantitative equivalence, since in the case of a
quantitative asymmetry between cause and effect a suitably chosen sequence of
transformations would lead to the generation of energy, which, however, already had to be
excluded by Lazare Carnot’s proof of the impossibility of a perpetuum mobile. Kuhn’s
criticism refers to this intermediate step: ‘Strictly speaking, this derivation is valid only if all
the transformations of energy are reversible, which they are not’ (Kuhn, 1969, p. 346, note
26). For there is a characteristic asymmetry in the system of transformations which, in spite of
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the quantitative equivalence of cause and effect, destroys the reversibility of the processes,
and hence the implicitly presupposed reversibility of the cause-effect relationship.

With this critical footnote Kuhn identifies the gap in the derivation of the conservation
principle which, later in the scientific history of the 19th century, made it necessary to place
the second law of thermodynamics alongside the principle of energy conservation, which was
later to be formalized as the first law of thermodynamics. The second law makes this
macroscopic irreversibility mathematically determinable through the introduction of the
entropy concept. In the history of science the sequence of first and second laws reads in
chronological opposition to the subsequent numbering. The law we today call the second law
was the first to be discovered. This historical priority, which for Prigogine and Stengers is
simultaneously linked with a material priority, is highlighted by the authors under the heading
‘Heat Engines and the Arrow of Time’ at the beginning of the third section of Chapter IV of
Order out of Chaos: ‘The original formulation of the second law of thermodynamics, which
would lead to the first quantitative expression of irreversibility, was made by Sadi Carnot in
1824, before the general formulation of the principle of conservation of energy by Mayer
(1842) and Helmholtz (1847)’ (Prigogine/Stengers, 1985, 111).

As a technician concerned with the calculation and optimization of the efficiency of steam
engines, Carnot was less influenced by the scientific ‘new look’ at the beginning of the 19th
century than were the pioneers of the conservation principle. Unlike those of his colleagues
who occupied themselves empirically with a multitude of various transformation processes
(such as, above all, Faraday and Grove), or who took the ‘notion of an underlying
imperishable metaphysical force’ (Kuhn, 1969, p. 336) as their starting point, or adduced this
in the explanation of relationships taking shape empirically (as, for example, did Mayer and
Helmholtz), Carnot – on the basis of his practical technical interest – concentrated solely on
the transformation of heat into work in the steam engine.
Carnot begins his Reflexions with the following far-sighted reflection on the practical
importance of the steam engine: ‘The study of these engines is of the utmost interest. Their
importance is immense and their use is increasing daily. They seem destined to bring about a
great revolution in the civilized world. (...) It seems that one day it [the heat engine] must
become a universal source of power and in this respect supplant animals, water and wind’
(Carnot, 1986, p. 61). Neither the many practical suggestions resonating throughout Carnot’s
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work, nor his sensitivity for the profound consequences of technological development have
yet to be sufficiently appreciated.

It was the technical, pragmatic approach, one less burdened by contemporary developments in
science, which led Carnot and his successors to insights which could not be explained by the
universal equivalences emphasized by the conservation principle. The conservation principle
ignores the fact that, although energy remains quantitatively unchanged in transformation
processes, irreversible changes in quality can nonetheless simultaneously occur which lead to
transformation events being non-reversible in spite of energy conservation. It is this
characteristic irreversibility, one expressing the temporal asymmetry excluded and ignored by
the founders of the conversation principle, which was already pointed out by Fourier.

In just this asymmetry, however, according to Prigogine and Stengers were manifested ‘the
last

remnants

of

the

spontaneous

and

intrinsic

activity

displayed

by

nature’

(Prigogine/Stengers, 1985, p. 120) and, with this, the enduringly merely partial controllability
of a nature that resists classical mechanics’ universal notions of control. For this reason, it
was suppressed by the advocates of classical mechanics. Prigogine and Stengers write: ‘The
power of nature is thus concealed by the use of equivalences. However, there is another
aspect of nature that involves the boilers of steam engines, chemical transformations, life and
death, and that goes beyond equivalences and conservation of energy. Here we reach the most
original contribution of thermodynamics, the concept of irreversibility’ (Prigogine/Stengers,
1985, p. 111).

In 1824 Carnot was not yet familiar with the conservation principle and thus could not relate
his work to it. This he first did later in notes, begun after the publication of his Reflexions
(1824) and continued until his death (1832), in which he proceeded to an independent
formulation of the conservation hypothesis (Carnot, 1986, p. 160ff.). Unlike Clausius and
Thomson, however, Carnot assumed that the conservation hypothesis was fully incompatible
with the main thesis of his Reflexions. Thus he himself did not recognize the corrective
significance of his early research with regard to energy conservation.

His pioneering considerations, informed by the model of the water wheel examined by his
father Lazare Carnot, built upon some anachronistic ideas which, whilst retaining Carnot’s
results, were corrected by Clausius and Thomson. Unlike Joule, Clausius and Thomson, who
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were able to verify and establish in physics the kinetic theory of heat anticipated by Rumford
and Davy, Carnot set out from the caloric theory developed by Black (Elkana, 1974, p. 60ff.).
This theory allowed Carnot to understand the steam engine by analogy to the water wheel.
According to this idea, work in the steam engine, as in the water wheel, arises through the
flow of caloric, imagined to be a weightless fluid, from the hot steam-boiler to the cool
condenser. In overcoming the temperature gradient heat, according to Carnot’s second false
assumption, is conserved. Carnot had not yet grasped the difference between heat and energy.
Yet, in spite of these false presuppositions, the equations formulated by Carnot were factually
correct.

Carnot’s achievement lies in having recognized that the condition of possibility for every
transition of heat and work is as great a difference in temperature as possible between the two
heat sources to be integrated in the Carnot engine. The Carnot engine is not a real engine, but
a model summarizing the basic conditions and examining the processes fundamental to all
real heat engines in idealized laboratory conditions. Using this engine Carnot showed that
without a temperature gradient no work could be obtained. The second heat source is
necessary here because, following the first cycle of the Carnot process, heat must be removed
to return the system to its initial state and to begin the cycle once again. It is this energy,
which must be removed as heat (through dissipation), that is responsible for the fact that the
efficiency of every conceivable heat engine is much less than 100%. It was Carnot who first
recognized this and thus pointed out the specific asymmetry which means that although work
can be converted completely into heat, the reverse process must take account of the inevitable
and irreversible dissipation of energy which cannot be converted into work but is emitted as
heat and hence dispersed.

In Carnot’s eyes there was nothing threatening or provocative about this dispersion of energy.
It was a technical problem, to be addressed with technical means, but one which for Carnot
had no farther-reaching physical implications. This purely technical view was precipitated in
Carnot’s definition of dissipation. For Carnot the dispersion of energy was solely the effect of
the necessary exchange of heat between the two heat sources. In this the heat reservoirs were
assumed to be infinite so as to guarantee the constancy of the temperature difference. The
dispersion of energy was a temporary phenomenon for Carnot with no implications at all for
the total energy stock. Accordingly, internal dissipation – which already takes place within
the system as a result of friction and conduction, independently of the exchange between the
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two heat sources – remained excluded from Carnot’s idealization. Carnot’s solution to the
problem rests on this double abstraction.

Carnot does not attempt to avoid loss through dissipation. The unavoidability of heat loss is
assumed in the construction of the engine. The strategy of its constructor was far more to
resolve, through cunning analysis, the entire irreversible process into infinitesimally small
and (in the ideal conditions of the double abstraction mentioned above) quasi-reversible
single steps in order to make the irreversible event controllable within the artificially closed
Carnot cycle subsystem, whose energy balance is abstracted from the balance of the
surrounding total system.

In his calculations Carnot was concerned with ‘the effect of the combustion, which permits
the maintenance of the temperature difference between the two sources’ (Prigogine/Stengers,
1985, p. 114). For this reason the two heat sources included by Carnot’s apparatus were
assumed to be unlimited reservoirs and did not contribute to the loss calculation. Similarly
excluded by Carnot were all losses through friction, impacts, air resistance etc. For only
‘when defined in terms of its reversible transformations [can] the thermodynamic object (...)
be controlled through its boundary conditions: any system in thermodynamic equilibrium
whose temperature, volume, or pressure are gradually changed passes through a series of
equilibrium states, and any reversal of the manipulation leads to a return to its initial state’
(Prigogine/Stengers, 1985, p. 120).

The uncontrollable component of irreversibility, which first appears at the level of the total
energy balance by incorporating the factual finiteness of the heat sources and by considering
internal losses through friction and conduction, was acknowledged by Carnot only by his
excluding them. For this reason Prigogine and Stengers summarize: ‘Looking back it becomes
clearer what Carnot achieved by founding thermodynamics and silencing the heat boiler. By
assuming two sources he separated what could be idealized and was linked with reversible
transformations from that which is essentially irreversible within an engine, namely the
combustion process which generates the motion’ (Prigogine/Stengers, 1981, p. 128).

William Thomson (Lord Kelvin) was the first to do away with this parenthesis. Unlike Rudolf
Clausius, who had already published a essay in 1850 that led the way for the further
development of Carnot’s considerations and for the mathematical foundation of
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thermodynamics, Thomson, in his works of 1851 and 1852, accentuated the aspects of the
irreversibility of energy dissipation and the finiteness of the reservoirs. Hence from early on
Thomson concentrated on those aspects through which thermodynamic processes differed
from the reversible motions assumed by mechanics. Thus he was the first to look at the real
heat losses which go far beyond the losses considered by the idealized model. Prigogine and
Stengers write: ‘the question raised by Carnot and Clausius led to a description of ideal
engines that was based on conservation and compensation. In addition, it provided an
opportunity for presenting new problems, such as the dissipation of energy. William
Thomson, who had great respect for Fourier’s work, was quick to grasp the importance of the
problem, and in 1852 he was the first to formulate the second law of thermodynamics’
(Prigogine/Stengers, 1985, p. 115).

Thomson’s priority in the discovery of the second law, claimed here by Prigogine and
Stengers, is disputed. Coveney and Highfield, for example, highlight by contrast the priority
of Clausius: ‘Clausius recognised, dimly at first, that this meant that heat loss was irreversible
(...). His breakthrough in 1850 fully justifies naming Clausius as the scientific father of the
arrow of time, but at that stage his ideas rather ill-defined’ (Coveney/Highfield, 1990, p. 150).
Sambursky’s evaluation, which similarly highlights Clausius’s importance for the question of
time, seems to point in the same direction: ‘Clausius’s formulation of the principle that the
sum of entropies for a closed system always grows, or at least does not decrease, immediately
suggests the problem of the passage of time from which mechanics remained completely
untouched’ (Sambursky, 1978, p. 41f.). Clausius’s formulation of the second law using the
entropy concept – as Sambursky points out elsewhere (Sambursky, 1978, p. 479) – stems,
however, from the year 1865. This was the year in which Clausius introduced the concept of
entropy in his work ‘On different, more easily applied, forms of the main equations of
mechanical thermodynamics’ (Clausius, 1865, p. 46).

In quite the same spirit as Coveney and Highfield Segrè highlights: ‘Carnot had created
thermodynamics by initiating its powerful methods and discovering its second principle.
Mayer, Joule, and Helmholtz had formulated the first principle. The synthesis of both is due
to Clausius and, later, to Thomson’ (Segrè, 1984, p. 227). And Segrè continues: ‘Clausius was
the first to see clearly through the apparent contradictions of the then-prevalent theories of
heat and to give a systematic treatment of the new science’ (Segrè, 1984, 228). For support
Segrè draws upon Gibbs, who, in his textbook Elementary Principles in Statistical Mechanics
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(Gibbs, 1902), had identified Clausius’s treatise ‘On the Motive Power of Heat, and on the
Laws which can be deduced from it for the Theory of Heat’ (Clausius, 1921, original 1850) as
being the foundational document of thermodynamics as an exact science. This estimation was
also shared by Ernst Mach who, with Clausius’s 1850 essay in mind, writes: ‘Clausius first
perceived that we can assume, with Carnot, the dependence of the performance of work on
the quantity of heat transferred without having to give up the principle of Mayer and Joule of
the equivalence of heat and work’ (Mach, 1986, p. 254).

For a long time in the English-speaking history of science it was usual to neglect Clausius’s
achievements in a factually unfounded manner, since his works were not sufficiently well
known. Clausius himself had already pointed out this deficiency to Maxwell, who in the 1871
first edition of his Theory of Heat (Maxwell, 1871) – without even discussing Clausius –
ascribed priority in the discovery of the second law to his compatriot Thomson (Clausius,
1887, p. 360f.). By contrast Prigogine and Stengers have good reason to advocate the priority
of Thomson. Prigogine and Stengers (unlike Gibbs and Segrè) do not apprehend the second
law simply as a synthesis of Carnot’s recognitions and the conservation principle. For them
the interesting aspect for the theory of time lies precisely in the confrontation and tension
prevalent between the first two laws of thermodynamics. This tension is identified by
Moscovici when he writes: ‘This theoretical result, which makes natural order appear as a
series of transformations with a direction and manifesting an evolution, constituted a promise
and a scandal’ (Moscovici, 1977, p. 405). And he continues: ‘While on the one side one
attempted – admittedly without much luck – to fulfil the programme which had been revived
by the principle of energy conservation, on the other side one was quick to attenuate the
scandal triggered by the second principle, that of energy loss, and by the directionality etched
in the transformation of natural forces’ (Moscovici, 1977, p. 406).

Indeed Clausius, in 1850, was the first to notice the necessity of adding a second physical law
alongside the conservation principle. But whereas, in his notebooks, Carnot had highlighted
the fundamental incompatibility of his early work with the conservation principle and thought
it necessary to direct this against his own research, Clausius in 1850 accentuated the
fundamental agreement of the new physical law and the conservation principle, even, and
precisely, with regard to the reversibility of the transformation processes that were occurring.
This is also pointed out by Brush when he emphasizes that in his 1850 considerations
Clausius ‘(...) has not yet grasped the irreversibility implications of Carnot’s theory (...)’

29

(Brush, 1976, vol. 2, p. 569). Brush hence comes to the conclusion: ‘While there is some
justification for the usual view that this paper contains a complete formulation of the rules of
thermodynamics, Clausius has not yet put together the pieces of the complete Second Law as
we now know it’ (Brush, 1976, vol. 2, p. 570).

This also becomes clear in that for Clausius the first law, and the universal equivalence and
reversibility entrenched within it, remains that which is prior in the order of foundation, that
is, the primary and fundamental law. Thomson differs. As early as in 1852 he generalized the
second law as a cosmic law (Thomson, 1882b)6 which, although it can be linked with
conservation, opposes and claims priority over the conservation principle with the
fundamental irreversibility of the transformations it describes. It is this double aspect – the
sharp accentuation and the cosmological universalization of irreversibility – which Prigogine
and Stengers adduce as justification of Thomson’s priority over Clausius.

Although not pointed out by Prigogine and Stengers themselves, the accentuation of
irreversibility is, in terms of subject-matter, already found in Thomson’s 1851 essay ‘On the
Dynamical Theory of Heat’ (Thomson, 1914), in which Thomson was the first to highlight the
phenomenon, discovered by Fourier, of heat propagation as the cause of the factual loss of
power in steam engines. By taking account of dissipation, the dispersion of energy
distinguishing real thermodynamic transformation processes from Carnot’s ideal model is
incorporated in the energy balance. So with real heat engines the heat source is always finite
(Thomson, 1914, section II, p. 20ff.). Whereas Carnot’s and Clausius’s model of ideal heat
engines ‘does not mention the irreversible processes that are at the basis of its realization’
(Prigogine/Stengers, 1985, p. 114), Thomson starts to include the oven in which the coals
combust in the balance.

It was also Thomson who introduced the term ‘thermodynamics’ to designate the new science
of heat. This, however, took place not – as Atkins claims (Atkins, 1984, p. 4) – in the 1851
essay, but – as Truesdell makes clear (Truesdell, 1980, p. 168) – already in the 1849 work
‘An Account of Carnot’s Theory of the Motive Power of Heat; with Numerical Results
deduced from Regnault’s Experiments on Steam’ (Thomson, 1882a). The concept of
6

With Clausius the universalization first took place in 1865 (Clausius, 1865, p. 56ff.).
Clausius refers to Thomson’s 1852 essay as well as his own comments of 1863 as
forerunners.
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thermodynamics is not mentioned in Thomson’s 1851 essay. Alongside its significance in
terms of content, the 1851 essay has another significant merit in terms of conceptual history:
here Carnot’s discovery is explicitly designated the ‘second law’ for the first time (Brush,
1976, vol. 2, p. 570f.). It is only in the expanded version of this essay, published by Thomson
in 1854, that the term ‘thermodynamics’ is found again, appearing then even in the title.

Nonetheless there is good warrant for Prigogine and Stengers’ presenting not Thomson’s
1851 essay, but the text of 1852 as being the foundational document of thermodynamics. An
explicit and general statement about the fact of irreversibility is first found in the 1852 text,
which in connection with this carries out the universalization at the same time. This coupling,
however, leads Brush to focus completely on the aspect of universality in his history of
thermodynamics: ‘Although one can find scattered statements in the technical literature
before 1850 to the effect that something is always lost or dissipated when heat is used to
produce mechanical work, it was not until 1852 that William Thomson (...) asserted the
existence of “A universal tendency in nature to the dissipation of mechanical energy”’ (Brush,
1966, p. 8).

By over-accentuating the universality aspect Brush loses sight of what Prigogine and Stengers
view as the decisive basic difference between Thomson and Clausius. In his analysis of ideal
heat engines Clausius – unlike Thomson in his works of 1851 and 1852 – had neglected the
real losses which occur due to the dissipation of energy between heat sources and which lead
to the unattainability for real engines of the ideal efficiency predicted by theory. With regard
to Clausius’s early essay ‘On the Motive Power of Heat’ (Clausius, 1921) of 1850 Prigogine
and Stengers highlight that its author ‘was no more concerned than Carnot with the losses
whereby all real engines have an efficiency lower than the ideal value predicted by the theory.
His description, like that of Carnot, corresponds to an idealization’ (Prigogine/Stengers, 1985,
p. 114).

By contrast already in his 1854 essay (Clausius, 1864), as well as in his later work from the
year 1865 (Clausius, 1865), Clausius highlighted and made quantifiable the factual dissipation
of energy through which the irreversibility of processes can be explained. In a later passage
Prigogine and Stengers write: ‘In 1865 (...) Clausius (...) introduced a new concept, entropy.
His first goal was to distinguish clearly between the concepts of conservation and of
reversibility. Unlike mechanical transformations, where reversibility and conservation
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coincide, a physiochemical transformation may conserve energy even though it cannot be
reversed. This is true, for instance, in the case of friction, in which motion is converted into
heat, or in the case of heat conduction as it was described by Fourier’ (Prigogine/Stengers,
1985, p. 117). Accordingly the task of the function of state – entropy S – introduced by
Clausius was to express mathematically ‘the distinction between “useful” exchanges of
energy in the Carnot cycle and “dissipated” energy that is irreversibly wasted’
(Prigogine/Stengers, 1985, p. 117) that was now also being addressed.

Nonetheless in his later works Clausius continued to focus on the aspect of conservation by
relating the concept of entropy primarily to the exchange of energy within the ideal cycle
(which had been made reversible using the methods of calculus). This exchange within the
cycle occurs between the two heat sources. Hence Prigogine and Stengers designate this
entropy flow deS, in order to make clear Clausius’s renewed abstraction of dividing the total
entropy into two parts. This external entopy flow contrasts with the internal entropy flow diS,
which occurs not with the exchange of heat between the two sources, but within the system
itself. Prigogine and Stengers explain: ‘the notations deS and diS have been chosen to remind
the reader that the first term refers to exchanges (e) with the outside world, while the second
refers to the irreversible processes inside (i) the system. (Prigogine/Stengers, 1985, p. 118).
For ideal engines it suffices to consider deS alone, for real engines the total entropy is
comprised of deS and diS together.
In his 1865 work Clausius ‘was able to express quantatively the entropy flow deS in terms of
the heat received (or given up) by the system. In a world dominated by the concepts of
reversibility and conservation, this was his main concern. Regarding the irreversible
processes involved in entropy production, he merely stated the existence of the inequality
diS/dt > 0’ (Prigogine/Stengers, 1985, p. 119). In this simple inequality, which Clausius did
not further expand on in his work, is concealed the fundamental irreversiblity which
distinguishes the (necessarily positive, i.e. directed) change in internal entropy from the
(either positive or negative, i.e. reversible) change which the system experiences through
external entropy flows. Clausius was interested only in reversible and hence controllable
changes. His endeavour was to separate the irreversible and hence uncontrollable processes as
far as possible from the reversible ones and to exclude them from his calculations.
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Thus at the very beginning of his 1865 treatise Clausius highlights ‘that (...) in the following,
until it is explicitly stated that non-reversible changes are also to be included in the
examination, it [might] always be assumed that we are concerned only with reversible
changes’ (Clausius, 1865, p. 8). Only at the end do we read: ‘All the preceding observations
referred to changes which take place in a reversible manner. We now want to draw the nonreversible changes into the circle of observations, in order to pursue at least briefly the main
issue of how they are to be treated’ (Clausius, 1865, p. 40). Yet in the mathematical analysis
of those changes ‘which do not comprise a cyclic process, but by which it [the body] attains a
final state differing from the initial state’ Clausius is then concerned precisely to ‘make a
cyclic process of them subsequently’ (Clausius, 1865, p. 54).

It is exactly these irreversible processes, however, which were the object of Thomson’s
cosmological conception and his prioritization of the second law. Prigogine and Stengers
comment: ‘Since Thomson’s cosmology is not merely a reflection of the new ideal heat
engine but also incorporates the consequences of the irreversible propagation of heat in a
world in which energy is conserved. This world is described as an engine in which heat is
converted into motion only at the price of some irreversible waste and useless dissipation’
(Prigogine/Stengers, 1985, p. 115). On the basis of Thomson’s cosmological universalization
of the second law in 1852, Helmholtz developed his theory of the universe’s ‘heat death’
(Helmholtz, 1962, p. 74; Helmholtz, 1884, p. 43) two years later. With this Thomson and
Helmholtz transferred the fact, implicitly contained in Thomson’s 1851 work, that ‘unlike
dynamic

objects,

thermodynamic

objects

can

only

be

partially

controlled’

(Prigogine/Stengers, 1985, p. 120) on the cosmic scale.

The difference in content between Thomson and Clausius expressed in this, one decisive for
Prigogine and Stengers, remains unnoticed by Coveney and Highfield as well as by Gibbs and
Mach. The compromise solution suggested by Cardwell is also unsatisfactory for the same
reason. This suggested solution attempts to resolve the dispute over priority by declaring the
development of the second law of thermodynamics to have been a ‘simultaneous discovery’
(Cardwell, 1971, p. 288). This solution is only meaningful when it considers that it is not one
and the same thing which was being simultaneously discovered, but that the problem
provided by Carnot was picked up in parallel by two authors in a different way and answered
with differently accented solutions.
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Of interest in this context is a comment of Mach’s, who in his summary initially emphasizes
that the ‘contributions to thermodynamics of Thomson and Clausius must be regarded as of
equal importance’ (Mach, 1986, p. 280f.), but then names a difference on the level of style
between Thomson and Clausius: ‘However, with respect to the form of the exposition, there is
an important distinction between them. Thomson’s exposition is always quite frank about the
difficulties which he met, the paths followed by him are always the shortest and simplest, his
methods always are quite perspicuous, and the motives which guided him in his investigations
are evident to everyone. Clausius’s exposition on the other hand always bears a trait of
ceremoniousness and reserve. We are often in doubt as to whether Clausius was more
concerned to tell us of something or to keep something from us. Instead of simple experiences
which serve as foundations for his deductions, these deductions are built on specially assumed
axioms, which have the appearance of greater reliability without really guaranteeing more
than those experiences. Clausius also was addicted to creating new names and conceptions
which were not always necessary’ (Mach, 1986, p. 281). It would go beyond the scope of this
work to bring out the stylistic differences Mach notes and the opposition of content which
separate Thomson and Clausius from one another. But, in any case, Mach’s point is evidence
of a symptom of significant indicative value with respect to the differences in content, on
which the answer to the issue of priority depends.

It can be noted in summary that with the emergence of thermodynamics an internal
pluralization in terms of content took place in the disciplinary system of modern physics, a
pluralization triggered by the introduction of the concept of irreversible time. In this, priority
is assumed by Thomson’s essays, which highlight the finiteness and irreversibility of
processes, in contrast to the works of Clausius, which are informed by the ideal of energy
conservation. Yet with Thomson too this discovery takes place to a certain extent under the
hand, without his having explicitly thematized their scientific or even time-theoretical
dimension himself. The formulations of Coveney and Highfield, who present ‘Clausius as the
scientific father of the arrow of time’ (Coveney/Highfield, 1990, p. 150), and of Sambursky,
according to whom the foundation of thermodynamics ‘immediately suggested the problem of
the passage of time’ (Sambursky, 1978, p. 41), must therefore be relativized in two respects.
Not only because of the issue of priority, which Prigogine and Stengers discuss and decide in
favour of Thomson, but also because an explicit treatment of the problem of time can be
spoken of neither with Clausius nor with Thomson.
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The position advocated by Prigogine and Stengers is to be agreed with in that, reading with
hindsight, the placement of the thermodynamic research programme launched by Carnot on
its temporal foundations should be considered Thomson’s merit. At the same time it should be
highlighted more sharply than is the case with Prigogine and Stengers that Thomson lacked
awareness of the significance of the step he made. Thomson neither reflected explicitly on the
problem of time, nor did the confrontation – that decisive for the philosophy of science –
between thermodynamics and dynamics become clear to him which began to take shape on
the basis of his research.

Knowledge of the plurality of scientific perspectives resulting from this confrontation as well
as from the question, raised by Prigogine and Stengers at the close of the section ‘The Birth of
Entropy’ in Order out of Chaos, as to ‘how these descriptions are related’
(Prigogine/Stengers, 1985, p. 122) are horizons of thought which were not yet expanded by
Thomson in his early works. The question of the relationship between dynamic and
thermodynamic systems first became an issue for Thomson in the context of the debate,
launched by Boltzmann in the 1870s, about the dynamic foundability of thermodynamics, to
which I now turn.

b) The Scientific Establishment of Thermodynamics and
the Debate concerning the Time-theoretical Assumptions of Dynamics
The third – the most demanding and simultaneously most controversial – contribution to the
foundation of thermodynamics, which at the same time signals its establishment in the
disciplinary system of modern physics, was made by Ludwig Boltzmann in the last third of
the 19th century. On the basis of the works of Carnot, Thomson and Clausius, Boltzmann
turned to the problem, one not dealt with by his predecessors, of mechanically founding
thermodynamics and hence to the question of the combinability of mechanics and heat theory.
Boltzmann’s 1872 essay ‘Further Studies on the Thermal Equilibrium of Gas Molecules’
(Boltzmann, 1966a) was to trigger a debate opened by William Thomson (Thomson, 1966)
and Josef Loschmidt (Loschmidt, 1876) in the 1870s, and taken up by Henri Poincaré
(Poincaré, 1966b) and Ernst Zermelo (Zermelo, 1966a) in the 1890s. In the course of this
debate the obliviousness of classical dynamics to time, which had remained concealed in the
pioneering works of Thomson and Clausius, and the new problem of time posed within
thermodynamics were clearly expressed.
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Boltzmann’s starting point was the problem, overlooked by Thomson and Clausius in their
pioneering works, that he had first dealt with already in 1866 of reformulating the
macroscopic irreversibility of thermodynamics at a microphysical level in the idiom of
dynamics. In his essay ‘On the Mechanical Importance of the Second Law of
Thermodynamics’ Boltzmann attempted ‘to provide a purely analytic, perfectly general proof
of the second law of thermodynamics’ (Boltzmann, 1980, p. 271). This attempt distinguishes
this early essay from later texts, in which Boltzmann no longer argues ‘purely analytically’
but appeals to probabilistic arguments at the same time. The solution presented in his 1872
essay ‘Further Studies on the Thermal Equilibrium of Gas Molecules’ (Boltzmann, 1966a) is
based on a novel application to thermodynamics of the statistical mechanics that had been
founded by James Clerk Maxwell (Maxwell, 1860) and which would later be brought into its
canonical form by Josiah Willard Gibbs (Gibbs, 1902).

Maxwell’s first step towards the mechanical interpretation of entropy consisted of rendering
the state of thermodynamic equilibrium describable with the means of probability theory.
Thermodynamic systems consist of a great number of molecules in rapid non-uniform motion.
Because of their complexity they cannot be represented with classical methods, according to
which the respective trajectory would have to be calculated for each single molecule. For this
reason Maxwell took statistical averages as his starting point in calculating the velocity
distribution of the molecules. By transferring the law of large numbers, applied in sociology
by Quételet (Quételet, 1835; cf. John, 1968, pp. 338ff. and Stigler, 1987), to physics Maxwell
succeeded in the first part of his essay in formulating the velocity distribution function named
after him. A velocity distribution function determines the number of molecules with a velocity
v – and hence kinetic energy ½mv2 – at time t (Maxwell, 1860). When the state of
thermodynamic equilibrium is attained, the function assumes the form of a Gaussian curve.
The equilibrium state is characterized, in the words of the description developed by Maxwell
in the third part of his paper, by the fact that ‘the collisions that incessantly modify the
velocities of the molecules no longer determine any evolution in the distribution of these
velocities – that is, in the mean number of particles for each velocity value’
(Prigogine/Stengers, 1985, p. 240; cf. Maxwell, 1860).

Boltzmann’s step beyond Maxwell consisted of not only describing thermodynamic
equilibrium with statistical means, but, using the example of a rarified gas, also of
formulating the evolution of the thermodynamic system towards equilibrium in probabilistic
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terms. To this end he developed the so called H-theorem in his 1872 essay. To begin with
Boltzmann used not the letter H, but the letter E for the function found by him. It was in 1895
that Boltzmann first made the change which then became canonical. Complementary to the
increase in entropy the function found by Boltzmann, which measures the change in the gas
molecules’ velocity distribution as a result of the collisions taking place between them,
decreases uniformly in the course of time. Its minimum corresponds to that of the Maxwellian
equilibrium distribution identified with thermodynamic equilibrium. From this Boltzmann
concluded that the H-theorem was the microscopic expression of irreversible entropy increase
which Thomson and Clausius had described at a macroscopic level in the 1850s.

Boltzmann’s particular achievement consists of linking these previously unrelated physical
theories. Forms of description from classical mechanics, probability theory and
thermodynamics flow into the H-theorem and form a new synthesis. Already in From Being
to Becoming Prigogine highlights the ‘remarkable mixture of dynamical and probabilistic
concepts’ (Prigogine, 1980, p. 157) which distinguishes Boltzmann’s kinetic equations.
Through this novel connection, as Prigogine and Stengers summarize in Order out of Chaos,
Boltzmann had ‘the key to the microscopic interpretation of entropy’ (Prigogine/Stengers,
1985, p. 242) in his hands. Through Boltzmann’s contribution a ‘principle of molecular
evolution had been produced’ (Prigogine/Stengers, 1985, p. 242) and in this way ‘a decisive
step in the direction of the physics of processes’ (Prigogine/Stengers, 1985, p. 242f.) was
made.

The pioneering significance of Boltzmann’s discovery, brought out by Prigogine and
Stengers, was not recognized by Boltzmann’s contemporaries. Directly following their
previously quoted praise of Boltzmann Prigogine and Stengers also pose the question: ‘Can
we conclude that the problem of irreducibility has been solved, that Boltzmann’s theory has
reduced entropy to dynamics?’ (Prigogine/Stengers, 1985, p. 243). Their conclusion agrees
with that of Boltzmann’s earlier critics: ‘No, it has not’ (Prigogine/Stengers, 1985, p. 243).
The limits of the solution suggested by Boltzmann were clearly expressed in the debate
prompted by his 1872 essay. At the same time the ‘clash of doctrines’ (Prigogine/Stengers,
1985, p. 233ff.) between dynamics and thermodynamics – that pre-programmed in the works
of Thomson and Clausius – appeared in all severity in this debate, as did the related question
of the compatibility or incompatibility of the time concepts underlying them. This second,
positive, aspect is emphasized by Prigogine and Stengers in Entre le temps et l’éternité. By
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contrast, the first, negative, aspect is foregrounded in Order out of Chaos. The following
account starts with the positive aspect, one particularly important for the theory of time, and
then moves on to the negative aspect, which will provide the demarcational foil for the
description of the way in which Prigogine’s research goes beyond that of Boltzmann.

The first reaction to Boltzmann’s essay – Thomson’s essay ‘The Kinetic Theory of the
Dissipation of Energy’ (Thomson, 1966), published in 1874 – starts with a positive reference
(because of its introducing new and important inner differentiations to physics). At the very
beginning of his essay Thomson develops the distinction between classical ‘abstract
dynamics’ (Thomson, 1966, p. 177), which permits ‘the instantaneous reversal of the motion
of every moving particle of a system’ (Thomson, 1966, p. 177) and the new ‘physical
dynamics’ (Thomson, 1966, p. 177), in which ‘this simple and perfect reversibility fails’
(Thomson, 1966, p. 177). To this end he invokes the image of ‘an army of Maxwell’s
“intelligent demons”’ (Thomson, 1966, p. 178), whose soldiers, armed with a ‘molecular
cricket bat’ (Thomson, 1966, p. 179), were to ensure that the entropic evolution of the
thermodynamic system could be undone.

In 1867 Maxwell had come up with the idea of an intelligent microscopic being which was to
calculate the trajectories of a thermodynamic system’s individual molecules and on this basis
to demonstrate the reversibility in principle of the system. Unlike Maxwell, however,
Thomson commented sceptically on the consequences resulting from the underlying
assumption of the universal validity of the laws of classical dynamics. Thus he emphasizes
that ‘the real phenomena of life infinitely transcend human science’ (Thomson, 1966, p. 178)
and that attempted ‘speculation regarding the consequences of their imagined reversal is
utterly unprofitable’ (Thomson, 1966, p. 178). Such a reversal would, if transferred to the
world and ourselves, lead to the absurd consequence – as Thomson points out with concrete
human experience of time in mind – that ‘living creatures would grow backwards, with
conscious knowledge of the future, but no memory of the past, and would become again
unborn’ (Thomson, 1966, p. 177f.).

The denial of irreversible time which underlies the reversibility assumption of classical
dynamics is made clear by Thomson’s provocative transfer of physical forms of thought to
our everyday experience of time. Expressed pointedly in this way, the irreversibility
underlying thermodynamics and the asymmetry of time linked with this appear to be that
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authority within physics which returns a right to the evidence of everyday experience of time
denied by classical dynamics’ rigorous obliviousness to time. In this sense Prigogine and
Stengers, in Entre le temps et l’éternité, highlight the discussion stimulated by Boltzmann as
having been ‘that crucial episode in the history of physics, in the course of which the mode of
conceptualization

of

classical

dynamics

revealed

its

demands

and

implications’

(Prigogine/Stengers, 1988 p. 25). Boltzmann’s attempt to give irreversibility a dynamic
meaning provoked his critics to make the implicit basic assumptions of classical dynamics
explicit; that is, to reveal its constitutive underlying suppression of the irreversibility of time.

The paradoxical character of this feat of suppression becomes clear when one is reminded,
following Prigogine and Stengers, that ‘until the end of the 19th century (...) there had been
no equivalent body of ideas that would have claimed an equivalence between a plant which
grows, blossoms and withers and a plant which comes back to life, becomes younger and
returns to being the original seed; or between a person who matures and learns and a person
who in the course of time becomes a child again, then an embryo, and finally returns to being
a single cell’ (Prigogine/Stengers, 1993, p. 44). Yet ‘dynamics’, Prigogine and Stengers
continue, ‘the physical theory which identifies itself with the very triumph of science, implied
this radical negation of time. It is this which was revealed by Boltzmann’s failure’
(Prigogine/Stengers, 1988, p. 26).

Thomson’s thought experiment, one critically directed against dynamics, of a reversal of the
arrow of time is already found with Maxwell. Here, however, it is found with a thoroughly
positive auspice. In a letter to his friend Lord Rayleigh Maxwell describes an imaginary
experiment in which the procession of time is reversed for all processes in our world. It is
worth citing this passage in its full length, since it allows the absurd time-theoretical
implications peculiar to the reversible worldview of classical mechanics, advocated by
Maxwell, to become particularly clear. Maxwell writes ‘If this world is a purely dynamical
system, and if you accurately reverse the motion of every particle of it at the same instant,
then all things will happen backwards to the beginning of things, the raindrops will collect
themselves from the ground and fly up to the clouds, etc. etc. and men will see their friends
passing from the grave to the cradle till we ourselves become the reverse of born, whatever
that is. We shall then speak of the impossibility of knowing about the past except by analogies
taken from the future and so on. The possibility of executing this experiment is doubtful, but I
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do not think it requires such a feat to upset the 2nd law of thermodynamics’ (Maxwell, letter
of 6/12/1870, quoted from Segrè, 1984, p. 242).

As an alternative to this scarcely implementable artifice, whose assumptions and implications
he does not question, Maxwell, in a further step, introduces the demons which Thomson later
picked up on: ‘For if there is any truth in the dynamic theory of gases, the different molecules
in a gas of uniform temperature are moving with very different velocities. Put such a gas into
a vessel with two compartments and make a small hole in the A B wall about the right size to
let one molecule through. Provide a lid or stopper for this hole and appoint a doorkeeper very
intelligent and exceedingly quick, with microscopic eyes, but still an essentially finite being.
Whenever he sees a molecule of great velocity coming against the door from A into B he is to
let it through, but if the molecule happens to be going slow, he is to keep the door shut. He is
also to let slow molecules pass from B to A but not fast ones (...). In this way the temperature
of B may be raised and that of A lowered without any expenditure of work, but only by the
intelligent action of a mere guiding agent (...). I do not see why even intelligence might not be
dispensed with and the thing made self-acting’ (Maxwell, letter of 6/12/1870, quoted from
Segrè, 1984, p. 243).

As already shown, Thomson takes up the demon model in his 1874 essay. Unlike Maxwell,
however, he emphasizes that this is only a theoretically possible conception. De facto, claims
Thomson, ‘we can regard spontaneous disequalization as practically impossible’ (Thomson,
1966, p. 182). For, he argues, with the number of molecules and the degree of their
entanglement the relationship between the number of uniform molecular states and the
number of non-uniform molecular states shifts increasingly in favour of the equilibrium state
(Thomson, 1966, p. 182). With this Thomson anticipates the central probabilistic argument
with which Boltzmann reacted to the so-called ‘Umkehreinwand’ (reversal objection) in his
1877 reply to Loschmidt (Boltzmann, 1966b). This is the canonical concept for the objection,
going back to Maxwell’s demon model and explicitly raised by Loschmidt against
Boltzmann, that, given the conditions of a reversal in the direction of velocities, the Htheorem must allow the reversibility of the evolution of the whole system. With reference to
the case suggested by Loschmidt of a reversed evolution, that is one leading from a uniform
to a non-uniform distribution of states, Boltzmann writes in his reply: ‘Since there are
infinitely many more uniform than non-uniform distributions of states, the latter case is
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extraordinarily improbable and can be considered impossible for practical purposes’
(Boltzmann, 1966b, p. 192).

A second objection – one which has also become canonical – to Boltzmann’s attempt to
explain thermodynamic irreversibility with the means of dynamics was formulated in the
1890s by Henri Poincaré. The basic problem which determined physics at the close of the
19th and start of the 20th centuries is already expressed in the title of his 1893 essay: the
question of the relationship between dynamics and thermodynamics or – as it was formulated
in the title – between ‘Mechanism and Experience’ (Poincaré, 1966b). Poincaré is also
sceptical about the attempt to mediate offered by Boltzmann. The basic logical problem in
Boltzmann’s attempt, according to Poincaré, is that it is a conclusion ‘where one finds in
effect reversibility in the premises and irreversibility in the conclusion’ (Poincaré, 1966b, p.
206).

Poincaré shows that the opposite of what he attempts to derive follows from the laws of
dynamics applied by Boltzmann. To this end he refers to the proof he had carried out in an
earlier work (Poincaré, 1966a) ‘that a bounded world, governed only by the laws of
mechanics, will always pass through a state very close to its initial state’ (Poincaré, 1966b, p.
206). That means, however, that the evolution towards thermodynamic equilibrium can not be
an irreversible and unique process. For the initial state of this process must necessarily recur
after a certain time, that is, the apparent final state of the universe must prove to be the
starting point of a new evolution. Hence there cannot be a distinguished direction of time
within the framework of a mechanical apprehension of the world. Finally, at the end of his
essay, Poincaré praises his argument against the train of argument stemming from Maxwell as
follows: ‘According to this theory to see heat pass from a cold body to a warm one, it will not
be necessary to have the acute vision, the intelligence, and the dexterity of Maxwell’s demon;
it will suffice to have a little patience’ (Poincaré, 1966b, p.206).

The thermodynamic lesson from the argument stimulated by Poincaré was drawn by Ernst
Zermelo in 1896. He highlights that on the grounds of Poincaré’s recurrence theorem it is –
against Boltzmann – precisely reversible initial states that are to be considered more probable
than irreversible initial states. The distinction between theoretical possibility and practical
probability, introduced by Thomson and taken up by Boltzmann, is subverted by Zermelo
who commences from the assumption that ‘all imaginable mechanical initial states are
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physically possible, at least within certain limits’ (Zermelo, 1966a, p. 215). From this he
arrives at the result that it is impossible ‘on the basis of the present theory to carry out a
mechanical derivation of the second law without specializing the initial state’ (Zermelo,
1966a, p. 216f.).

Prigogine and Stengers relationship to Boltzmann and their evaluation of the criticism
levelled at him by his opponents is ambivalent. The authors highlight positively Boltzmann’s
intention of opening up a transition from dynamics to thermodynamics. Linked with this is
Boltzmann’s achievement of having contributed to the uncovering of the time-theoretical
foundations of classical dynamics through the debate which he triggered. Prigogine and
Stengers assess negatively the lack of implementation of his own intention and his ultimately
drifting into a position through which the negation of irreversible time is once again cemented
within physics. This drift is a reflex of Boltzmann’s resigned insight into the reversible base
structure of the time concept of classical dynamics revealed by his critics. Because of this
insight Boltzmann gave up his original attempt to derive the arrow of time from dynamics in
favour of a probabilistic argument which he understood as an approximation.

It is Boltzmann’s original intention that Prigogine and Stengers adhere to in their research.
The authors’ position to the criticism brought forward by Boltzmann’s critics results from this
adherence. The relative correctness of this criticism lies in that in his original 1872 essay it
was only through an intuitive linking of mechanics and probability theory that it became
possible for Boltzmann to introduce time into dynamics. In this, according to Prigogine,
‘unfortunately this correspondence is not “deduced” from dynamics; it is postulated from the
start’ (Prigogine, 1980, p. 164). Conversely the fault in this criticism lies in its purely
destructive character. The path of transforming dynamics initially pursued by Boltzmann, the
aim of which was to integrate the arrow of time within the equations of dynamics, is ignored
by wholesale criticism of dynamics and hence simultaneously dispensed with (Zermelo,
1966a, p. 216; Zermelo, 1966b, p. 230).

The impossibility in principle, claimed by Boltzmann’s opponents, of representing
thermodynamic irreversibility with the means of dynamics draws its evidential weight
throughout from the supposedly invariable time-symmetrical base structure of classical
dynamics. The reversal objection does this directly and explicitly by invoking the imaginary
scenario of microscopically inverting the motion of the thermodynamic system’s molecules,
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which must in principle be possible in the conditions of dynamics. The recurrence objection
does this directly and implicitly by taking a cyclical pattern as its basis, within which in the
long term every arbitrary sequence of motion reproduces itself infinitely often. In both cases
motion appears to be structurally independent of the passage of time. Time functions as an
external parameter, playing a role only as a formal framework and mathematical instrument
for calculating changes in the velocity of molecular elements of the system. Boltzmann’s
intention of proceeding against this time-theoretical reductionism at the level of dynamics
itself was ironed out initially by his critics and finally by him himself.

Prigogine and Stengers, following Popper (Popper, 1992), adduce Boltzmann’s second
published reply, of 1897, to Zermelo’s objections as obviously documenting his ultimate selfbetrayal (Prigogine/Stengers, 1988, p. 29ff.; Prigogine, 1997, p. 23f.). In addition it may be
considered a preliminary stage of this failure that Boltzmann had already given up the original
claim of anchoring the irreversibility of thermodynamics at the fundamental level of a
dynamical account with the means of probability theory in his first reply to Zermelo. Instead
of this he had fallen back on a purely probabilistic definition of entropy. Retrospectively
Prigogine and Stengers highlight: ‘Consider once again the position with which Boltzmann
was faced. He had to decide between the hope of opening up physics to temporality and his
loyalty towards classical dynamics. He chose dynamics. He replaced his microscopic
interpretation of the second law with a probabilistic interpretation connected with our lack of
knowledge’ (Prigogine/Stengers, 1993, p. 47).

Through this interpretation the close connection between mechanics and probability theory,
which originally stood in the foreground and was defended at least with intuitive arguments,
is already questioned by Boltzmann in his first reply to Zermelo. Whereas in 1872 Boltzmann
had still highlighted that the conception suggested by him meant working with a ‘an exact
theory’ (Boltzmann, 1966a, p. 90), since ‘these probabilities can be obtained from the
equations of motion alone, without having to integrate them’ (Boltzmann, 1966a, p. 90f.), in
the 1896 essay he emphasized ‘that the second law of thermodynamics is from the molecular
viewpoint merely a statistical law’ (Boltzmann, 1966c, p. 219) and can hence ‘is by no means
a theorem of ordinary mechanics which can be proved from the equations of motion alone’
(Boltzmann, 1966c, p. 219 and 223f.).
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To this Zermelo answers triumphantly in his second contribution: ‘Herr Boltzmann (...)
wishes to change the second law into a “mere probability theorem” which is not valid at all
times. Yet he asserts that this change, whose principal meaning he does not misunderstand, is
really unimportant (...)’ (Zermelo, 1966b, p. 230). Hence, Zermelo continues, Boltzmann –
who was obviously not prepared to problematize the basic concepts of classical dynamics in
favour of ‘a mathematical theorem, which by its nature represents only a theory which can
never be directly verified’ (Zermelo, 1966b, p. 230) – had spoken out against the ‘single
principle summarizing an abundance of established experimental facts’ (Zermelo, 1966b, p.
230) expressed in the second law. At the same time Zermelo’s conclusion at the end of his
essay is directed against Boltzmann’s project altogether: ‘The great successes of the kinetic
theory of gases in the explanation of equilibrium properties do not entail its applicability to
time-dependent processes also, for the two are separate subjects’ (Zermelo, 1966b, p. 236f.).

The opposition underlying this separation of fields, that between time-neutral dynamics and
time-sensitive thermodynamics and against which Boltzmann’s original intention had been
precisely directed, is then, in his second reply, explicitly dissolved by Boltzmann in favour of
classical dynamics, that is, in the spirit of an option opposing the introduction of the concept
of irreversible time into physics. In his rejoinder Boltzmann presents a viewpoint with ‘which
one can understand the validity of the second law and the heat death of each individual world
without invoking an unidirectional change of the entire universe from a definite initial state to
a final state’ (Boltzmann, 1966d, p. 242). According to this idea, which cosmologically
exceeds the time-neutral horizon of classical dynamics, the world in which we live is merely a
temporary and regional deviation from cosmological thermal equilibrium, in which ‘the two
directions of time are indistinguishable’ (Boltzmann, 1966d, p. 242). Prigogine and Stengers
comment on this: ‘If at first he [Boltzmann] had wanted to interpret the irreversibility of time
with the help of fundamental laws, he now traced the arrow of time back to a contingent fact’
(Prigogine/Stengers, 1988, p. 30). With respect to the experience of time this fact exists in
that, as Boltzmann continues, we are living beings that ‘find [ourselves] in such a world at a
certain period of time’ (Boltzmann, 1966d, p. 242) – that is, in a world far from
thermodynamic equilibrium. For only in such conditions will we ‘define the time direction as
going from less probable to more probable states (the former will be the “past” and the latter
the “future”) (...)’ (Boltzmann, 1966d, p. 242).
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With this, however, Prigogine and Stengers conclude, the ground is prepared for the
‘subjectivist interpretation of irreversibility’ (Prigogine/Stengers, 1981, p. 215), which was
then cultivated by Gibbs and became the self-evident foundation for ‘Boltzmann’s heirs’
(Prigogine/Stengers, 1988, p. 31) in the first half of the 20th century: ‘Boltzmann’s heirs
transformed what he himself experienced as a dramatic failure into a triumph. The negation of
the irreversibility of time, for Boltzmann a desperate solution, became for most physicists of
Einstein’s generation more or less the symbol of what, for them, was the vocation of physics:
getting beyond observable reality to an intelligible intemporal reality’ (Prigogine/Stengers,
1988, p. 31).

Prigogine’s research programme is directed against this development. He understands his own
research as the attempt to preserve Boltzmann’s original intention from the betrayal he
himself carried out (Prigogine, 1997, p. 27f.; Prigogine, 1998, p. 19ff.). Thus with regard to
the projected linking of dynamics and thermodynamics Prigogine and Stengers highlight –
with Boltzmann against Boltzmann: ‘Such a transition from the world of dynamics to the
world of statistical regularities, described by probabilities, can, however, not be carried out by
simply flipping over concepts which are fundamentally alien to one another. We must, so to
speak, generate this transition out of dynamics’ (Prigogine/Stengers, 1981, p. 247).
Probability may not, as with Boltzmann and later with Gibbs and Einstein, be allowed to
function as an auxiliary construction and approximation, but must itself be embedded within
the foundations of dynamics.

According to Prigogine and Stengers this becomes possible when one succeeds in
transforming the statistical mechanics canonized by Gibbs and Einstein so that it becomes
applicable to those mechanical systems until now excluded from classical dynamics. Both
Maxwell and later Poincaré have pointed out that within the world of apparently simple
mechanical systems there are instabilities and non-linearities which cannot be calculated with
the simple concept of the trajectory. The analysis of these systems, long neglected by
physicists, but successfully carried forward in the second half of this century, has allowed a
new central importance to accrue to statistical description within dynamics.

In addition, the novel anchoring of time within the foundations of physics, as supported by the
non-linear extension of dynamics, has a goal which goes beyond that of Boltzmann’s original
undertaking. This goal results on the basis of the transformation of thermodynamics carried
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out by Prigogine in the 1950s and 1960s. The non-linear thermodynamics far from
equilibrium developed by Prigogine has as its object systems which, unlike the equilibrium
systems examined by Boltzmann, are neither isolated from their environment nor evolve
towards a final entropic state. Through this new research on open, non-equilibrium-oriented
systems in the field of thermodynamics the universality of ‘Boltzmann’s Order Principle’
(Prigogine/Stengers, 1985, p. 122) is called into question.

With this development the arrow of time acquires new meaning. In systems far from
equilibrium time no longer appears as the entropic authority of degradation, but rather
becomes a creative source of order. Within the framework of a transformed dynamics
irreversibility and dissipation attain a productive dimension of meaning. The anchoring of
time within the foundations of dynamics aimed for by Prigogine and Stengers should
accordingly – and this is the claim of their programme which goes beyond Boltzmann’s
original undertaking – not only found Boltzmann’s equilibrium thermodynamics
microscopically, but also enable a microscopic theory of thermodynamics far from
equilibrium.

Prigogine’s more comprehensive claim of solving ‘the conflict between the time concept as it
is perceived within the framework of an evolutionary theory or our existential experience and
the time concept of fundamental classical physics’ (Prigogine, 1989, p. 49) is articulated in
this second modification of Boltzmann’s undertaking. The theory of dissipative structures
developed within the framework of thermodynamics far from equilibrium is underlain by a
time concept which transforms and differentiates the simple time arrow of classical
thermodynamics in a complex manner. With the ‘strong temporality’ (Eigen, 1984, p. 229) of
dissipative structures aspects come into play which point beyond the unidimensional time
concept of classical thermodynamics towards an immanent ‘multitude of time’
(Prigogine/Stengers, 1981, p. 287), constituting a networked framework of temporal
dimensions and heterogeneous time forms. In Order and Chaos, Prigogine and Stengers
write: ‘It can be said that physics today no longer denies time and its direction. It
acknowledges that the irreversible time of evolution towards equilibrium exists, the
rhythmical time of structures, whose activity is fed by the currents flowing through them, the
bifurcating time of the development of instabilities, indeed even the microscopic time (...) in
which dynamic instability expresses itself at the microscopic level’ (Prigogine/Stengers,
1981, p. 286f.).
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3) The Self-organization of Time
and Prigogine’s Theory of Dissipative Structures
Prigogine’s programme of providing thermodynamics with a microscopic foundation
presupposes the extension of classical thermodynamics to open systems. It proceeds from a
broad, generalized concept of thermodynamics, within which the isolated systems of classical
thermodynamics constitute a special case. Prigogine’s works, and those of the Brussels school
led by him, have for this reason found their way into the textbooks of physics under the
heading ‘generalised thermodynamics’ (Coveney/Highfield, 1990, p. 163). The recognition
enjoyed by Prigogine’s extension of thermodynamics within the scientific community also
found expression in his being awarded the Nobel Prize, which Prigogine received in 1977 for
his theory of dissipative structures.

The generalization of thermodynamics and the resultant demarcation from the narrow
understanding of time and irreversibility dominating classical physics is emphasized by
Prigogine and Stengers in Entre le temps et l’éternité: ‘Every chemical reaction marks a
difference between the past and the future, occurs in the direction of our future. Similarly, it is
in the direction of our future, not our past, that heat spreads from a warmer to a colder point.
However, the second law in the sense of Clausius defined this activity from a very particular
point of view: such that in certain conditions it leads inevitably to its own disappearance, that
is, to the state of equilibrium’ (Prigogine/Stengers, 1988, p. 48f.). Prigogine’s guiding
question results from this limitation of classical thermodynamics: ‘How can entropy
generating physico-chemical activity be envisaged more generally?’ (Prigogine/Stengers,
1988, p. 49).

The extension of thermodynamics to open systems, within which irreversibility plays a
constructive role, took place in two stages in the course of the 20th century. The protagonists
in the first stage were Lars Onsager (Onsager, 1931) and Théophile deDonder
(deDonder/vanRysselberghe, 1936) in the 1930s and the young Prigogine (Prigogine, 1945;
1947 as well as Prigogine/Defay, 1944) in the 1940s. First of all in this stage an extension in
perspective to open systems took place, which, although prevented from attaining equilibrium
states by external forces, nonetheless exhibit linear behaviour. Prigogine speaks in this case of
‘linear non-equilibrium thermodynamics’ (Prigogine, 1973, p. 565).
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a) Linear Non-equilibrium Thermodynamics
and the Creativity of the Arrow of Time
The object domain of linear non-equilibrium thermodynamics comprises systems which,
following destabilization through external energy and material currents lying below a critical
threshold, cannot reach the entropy maximum, yet at the same time (due to the slight degree
of destabilization) retain the evolutive orientation towards a final state. In these cases one
speaks of systems close to equilibrium which, since they cannot themselves attain
equilibrium, strive for a state resembling equilibrium: a stationary state. This state can be
calculated by means of a potential function (like the equilibrium state in isolated, or closed,
systems). The evolution of the system is hence determined by the orientation towards a given
minimum or maximum and is therefore precisely predictable.

Because of the calculability and stability of these systems, the role played by time in dynamic
equilibrium systems does not differ fundamentally from the role assumed by time in classical
thermodynamic systems. This, in any case, is the assessment given by Prigogine and Stengers
in Order out of Chaos. Just as in the equilibrium state, time is also at work in the stationary
state as an irreversible factor of a continual increase in degradation. The theorem of minimal
entropy production, formulated by Prigogine in 1945 to describe stationary dynamic
equilibrium (Prigogine, 1945), expresses, according to Prigogine and Stengers in Order out of
Chaos, ‘a kind of ‘inertia’’ (Prigogine/Stengers, 1985, p. 139). If the boundary conditions
prevent the system from attaining equilibrium, then, Prigogine and Stengers continue, ‘it does
the next best thing; it goes into a state of minimum entropy production – that is, to a state as
close to equilibrium as ‘possible’’ (Prigogine/Stengers, 1985, p. 139). That means that in the
course of time, just as with the evolution towards equilibrium, the system evolving towards a
stationary state ‘forgets’ the initial conditions from which its evolution started. Below the
critical threshold varying initial conditions and contingent fluctuations do not affect the
system, which is predetermined by a uniform and hence calculable orientation towards the
stationary state. Prigogine and Stengers’ resumé in Order out of Chaos thus reads: ‘We see
that in the linear range the situation remains basically the same as that of equilibrium’
(Prigogine/Stengers, 1985, p. 139).

In contrast to this, a modified assessment of the significance of linear non-equilibrium
thermodynamics for the question of time is provided by Prigogine and Stengers in Entre le
temps et l’éternité. Here the stationary state is no longer interpreted in terms of the
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equilibrium model. Conversely the equilibrium state appears instead ‘as a particular example
of a stationary state’ (Prigogine/Stengers, 1988, p. 49). The stationary state is characterized
by the fact that the external supply of energy and matter, leading to a negative entropy flow, is
permanently compensated for by internal entropy production. This means that in the
stationary state the system remains constantly active: ‘entropy producing activity continues to
occur, maintained by continuous exchange with the environment’ (Prigogine/Stengers, 1988,
p. 49). By contrast, the specific feature of the equilibrium state is that exchange processes
with the environment either do not occur (isolated system) or effect no change in entropy
(closed system). For this reason the entropy production in the equilibrium state is equal to
zero. In contrast to this, starting from a stationary state opens up a more general description
insofar as it allows ‘entropy producing activity itself to be characterized, and not from the
sole perspective of its disappearance at equilibrium’ (Prigogine/Stengers, 1988, p. 49).

The creative power which lies in entropy producing activity already appears in systems close
to equilibrium. This is shown by Prigogine and Stengers in Entre le temps et l’éternité using
the example of conduction in a system consisting of two vessels. Each of the two vessels is
filled with a mixture of two gases (e.g. hydrogen and nitrogen). The system is initially in
equilibrium. It is then destabilized with one container being constantly heated and the other
constantly cooled off. Prigogine and Stengers describe the result of this simple experiment as
follows: ‘The experiment shows that, coupled with the process of conduction, a process of
separation of the two gases occurs. When the system has reached its stationary state, so that
for a given heat flow the temperature difference no longer changes with time there will, we
say, be more hydrogen in the warm container and more nitrogen in the cool container, with
the difference in concentration being proportional to the difference in temperature’
(Prigogine/Stengers, 1988, p. 49f.).

This creative aspect, which already plays a role at the level of linear non-equilibrium
thermodynamics, is not considered by Prigogine and Stengers in Order out of Chaos. The
reason for this is that in Order out of Chaos the system’s tendency to minimize the difference
in heat is in the foreground. A feat of ordering, possibly linked with this, which precipitates
itself in other parameters (concentration distribution) is not considered in Order out of Chaos.
Because of the coupling of heat flow with diffusion in the example quoted it is precisely in
this second respect, however, that a difference is produced. Parallel to the minimization of the
difference in heat a ‘process of anti-diffusion’ (Prigogine/Stengers, 1988, p. 50) takes place
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which represents ‘a negative contribution to entropy production’ (Prigogine/Stengers, 1988,
p. 50). A ‘negentropic’ orientation arises within the system which can no longer be grasped
with the means of classical thermodynamics, from whose perspective entropy production is
always either positive or equal to zero.

According to this extended view, the theory of stationary states can already contribute to
freeing thermodynamics from the classical idea ‘that entropy producing activity is
synonymous with degradation’ (Prigogine/Stengers, 1988, p. 50). Unlike in Order out of
Chaos, in which they highlight that for irreversible processes ‘in the linear range the situation
remains basically the same as at equilibrium’ (Prigogine/Stengers, 1985, p. 139), Prigogine
and Stengers hence come to the conclusion in Entre le temps et l’éternité: ‘The study of
stationary states suffices to dissociate the second law from the idea of evolution towards
“disorder”, inertia, and uniformity’ (Prigogine/Stengers, 1988, p. 49). With this the first step
towards overcoming the limits of classical thermodynamics, that made by Onsager, deDonder
and the young Prigogine, is revalued in time theoretical terms since in this ‘the creative and
destructive duality of irreversible processes’ (Prigogine/Stengers, 1988, p. 51) is expressed.
However, going beyond linear non-equilibrium thermodynamics, in Entre le temps et
l’éternité the particular significance assumed by non-linear thermodynamics is emphasized at
the same time. The emergence of order in systems evolving linearly towards a stationary point
is characterized by the fact that the ordered structures emerging can be linearly traced back to
the external forces to which the system is subjected. In the example of conduction, the
question as to the price to be paid for the creation of order is easily answered: ‘The chemical
separation of the two gases is not a sorting carried out once and for all, but the result of a
process which is paid for through the permanent creation of “disorder”, with the levelling of
the temperature difference which maintains the heat flow’ (Prigogine/Stengers, 1988, p. 51).
The generation of order in systems close to equilibrium is directly compatible with the
classical reading of the second law. There is no excess of order, rather the negentropy being
generated can be directly traced back to a corresponding use of energy. Hence it holds that:
‘Close to equilibrium this constraint, imposed by us, suffices to determine the activity of the
system: the stationary state in fact corresponds to the minimal activity which is compatible
with the constraint keeping the system from equilibrium (...). One can therefore say with a
process like that of thermodiffusion that the thermal difference imposed on the system
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“explains” its activity. This will not be the same beyond the instability threshold’
(Prigogine/Stengers, 1988, p. 59).

The task of non-linear dynamics far from equilibrium is to make understandable the
generation of order in systems in which the ordering achieved by the system unfurls a
dynamics of its own that can no longer be reduced in direct proportion to the external forces
to which the system is subjected. The actual achievement of the second step in the
transformation of thermodynamics lies in this. Beyond its creative dimension of meaning
irreversible time thus reaches a new kind of independence from external forces that is linked
with a ‘sensitivity’ for internal changes as well as for differences, aspects and factors of the
system environment that remain irrelevant when close to equilibrium.

b) Non-linear Non-equilibrium Thermodynamics
and the Temporality of Dissipative Structures
In the 1950s and 1960s Prigogine began to extend his research to the unstable behaviour
exhibited by systems far from equilibrium. In doing this his hope initially was to establish the
applicability of the theorem of minimal entropy production, valid for stationary states, for
situations far from equilibrium too. It turned out, however, that ‘in systems far from
equilibrium the thermodynamic behavior could be quite different — in fact, even directly
opposite that predicted by the theorem of minimal entropy production’ (Prigogine, 1980, p.
88). This demarcation accentuates once again the side of stationary state theory amounting to
degradation and the levelling of differences that was foregrounded in Order and Chaos.
Against this, from the perspective of Entre le temps et l’éternité, the statement that behaviour
far from equilibrium is ‘quite unlike’ behaviour close to equilibrium must be made more
precise. For close to equilibrium dissipation and irreversibility can lead to the generation of
order – as the example of a diffusion process coupled with conduction has shown.

The specific difference between systems far from equilibrium and systems directed towards
stationary states consists of the fact that close to equilibrium the generation of order can be
directly traced back to external forces, whereas far from equilibrium this is no longer the case.
However, self-organization – as Prigogine and Stengers define it in Entre le temps et
l’éternité – is first present when the behaviour of the system is no longer fully determined by
the boundary conditions and we can attribute it a ‘certain autonomy’ (Prigogine/Stengers,
1988, p. 59). According to this, the specific difference which distinguishes the generation of
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order close to equilibrium from the generation of order far from equilibrium is the difference
between an externally determined organization and internal self-organization. Prigogine
comments: ‘Below this threshold, which represents the end of the domination by an attractor
linked with an equilibrium state, dissipation serves as a source of order and new creation. This
occurs not only through the superposition of two processes, with one abolishing a
differentiation while the other creates a new one’ – as is the case in the example of
thermodiffusion, ‘but also through a really collective process of self-organization in which
periodic behaviour – spatial symmetry breaks etc. appear. This is the domain of ‘dissipative
structures’’ (Prigogine/Stengers, 1990, p.12).

In addition to this comes the fact ‘that the laws of fluctuation close to equilibrium are
universally valid, whereas at greater distance from equilibrium they become specific with a
non-linear kinetics according to the type of non-linearity concerned’ (Prigogine/Stengers,
1981, p. 180). Whereas close to equilibrium a linear relationship exists between temperature
and the concentration difference, in systems driven so far from equilibrium that they have lost
the direction towards a stationary point ‘sudden, spectacular phenomena’ occur ‘such as the
appearance of new, qualitatively different, regimes of behaviour (...)’ (Prigogine/Stengers,
1988, p. 52).

This has consequences for the concept of time: ‘Stationary states belonging to the
thermodynamic branch can be described fully through their composition and boundary
conditions. As the expression of a deterministic evolution they retain no memory of the
system’s past. By contrast, a dissipative structure is receptive to a real history linking the
random play of fluctuations and the determinism of the laws of average’ (Prigogine/Stengers,
1990, p. 13). The theory of dissipative structures brings into play time concepts that dissolve
the uniform, goal-directed time concept of classical thermodynamics into a plurality of
narrative temporality structures and system internal times. Concepts like ‘suddenness’,
‘instant’, ‘event’ and ‘history’ become central metaphors for describing the thermodynamic
concept of time far from equilibrium. This pluralizing and historizing extension of the
irreversible time concept can be made clear using several spectacular examples from the
realms of hydrodynamics, chemistry and physics.

The non-linear dimension of the evolution of open systems, which takes shape beyond the
critical threshold, had already been commented on frequently in scientific history before
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being examined in detail by Prigogine in the 1960s. Unstable chemical or hydrodynamic
systems were for a long time considered special cases and curiosities, or were disqualified as
being the elaborations of charlatans, so that research into them wasn’t seriously undertaken
and the scientific mainstream drew no conclusions from their existence.

A simple example of such a system stems from hydrodynamics and is linked with the
phenomenon of convection, which had already been studied from the 18th century onwards.
The first scientific descriptions of the phenomenon are found in the works of Rumford, dating
from 1798, on heat transport in an apple pie (Velarde/Normand, 1980, p. 119; Chandrasekhar,
1961, p. 9). Convection currents are a structured flow motion that can arise in gases or fluids
to balance out internal density or temperature differences. At the beginning of the 20th
century Henri Bénard had already attempted to research systematically these currents in his
essay ‘Circular Vortices in a Liquid Layer’ (Bénard, 1900). Against the background of
Prigogine’s works they have achieved new, central importance. In addition they have in the
meantime been reconstructed in detail using computer simulations (Mareschal/Kestemont,
1987).

Bénard convection consists of hexagonally ordered patterns arising in a thin layer of liquid,
heated from below, when the supply of heat oversteps a certain critical value. From the
perspective of the equilibrium concept the sudden generation of this coordinated behaviour of
numerous molecules over a large range is completely unexpected. Instead it would be
plausible from the equilibrium perspective for the molecular motion through which heat is
transported to become ever more lawless with increasing heat supply. This idea, however,
holds only for systems below the critical threshold. Above the threshold the system begins to
transport heat not only through intermolecular collisions (conduction), but rather through
convection, that is, through the collectively ordered motion of whole groups of molecules
within which the molecules move with uniform velocity. In this case the system’s stationary
state is characterized by heat transfer through convection. The system’s temperature, density
and pressure are not uniform as in the homogeneous equilibrium state, but vary linearly from
bottom to top between warm and cold regions.

This self-organization of the system is accompanied by a correlation of wide reach. Whereas
the correlations characteristic for equilibrium states extend over around one Angstrom (1010

m), the length of a Bénard cell is of the order of millimetres (10-3m). For such a cell it holds
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that ‘(...) molecules drawn into a vortex can no longer be defined as units independent of one
another’ (Prigogine/Stengers, 1988, p. 53). This contradicts Boltzmann’s order principle and
hence the second law in its classical version. Whereas there exist a multitude of microstates –
for example, divergent molecular velocities – which lead macroscopically to an increase in
disorder, there are only few microstates – for example, the correlated motion of molecules –
which give rise to a macroscopic order. According to the law of large numbers the probability
of the appearance of Bénard convection is close to zero. All the same, it appears regularly
once the critical threshold value is reached.

The appearance of convection is precisely predictable and deterministic. The specific
structure of the convection, however, is not predictable. Nicolis and Prigogine comment on
this: ‘On the one side the experiment is fully reproducible (...). On the other side, however,
the matter is structured in cells that (...) rotate alternately clockwise or anticlockwise. As soon
as a certain sense of rotation has established itself, this continues to remain unchanged.
Nonetheless, just above the critical threshold ΔTk two qualitatively different situations can
appear, quite independently of how refined the control of the experiment might be’
(Nicolis/Prigogine, 1987, p. 27). Because of this bifurcational character of the critical
threshold, which incorporates two possibilities, the prediction of the critical point can be
called the prediction of the unpredictable. Nicolis and Prigogine add to this: ‘Actually one has
even to speak of infinitely many possibilities, since in a very large system the structure can be
shifted horizontally by an arbitrary amount’ (Nicolis/Prigogine, 1987, p. 27). And, summing
up, Prigogine and Stengers write: ‘In the case of the Bénard instability it is a fluctuation, a
microscopic convection current, which would have been doomed to regression by the
application of Boltzmann’s order principle, but which on the contrary is amplified until it
invades the whole system’ (Prigogine/Stengers, 1985, p. 143).
In Researching the Complex Nicolis and Prigogine point out the change in structure of space
and time that can be demonstrated already in this simple case of an unstable system. Whereas
a tiny observer observing the states of single volume elements of the liquid layer will be able
to ascertain no spatial or temporal difference in the equilibrium state, this changes the
moment the liquid begins to organize itself. From the homogeneous space-time structure of
the equilibrium system, which makes it impossible for an imaginary observer to develop ‘a
concept of time from within’ (Nicolis/Prigogine, 1987, p. 23) or ‘a perception of space’
(Nicolis/Prigogine, 1987, p. 22), there arises far from equilibrium a qualitatively structured
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system spatiality and temporality. The observer ‘can now tell where he is by orienting himself
according to the sense of rotation of the cell in which he currently finds himself. In addition
he can obtain a pretty effective idea of space by counting the number of cells he has passed
through when walking around’ (Nicolis/Prigogine, 1987, p. 25). And time now also acquires a
qualitative dimension. In that a contingent microscopic fluctuation – that is, in that a
temporary microevent can inscribe itself in the macroscopic evolution of the system – the
system acquires ‘a historic dimension’ (Nicolis/Prigogine, 1987, p. 28). The memory of a past
event at the moment the convection came about – consisting of the contingent selection of a
particular direction of rotation (there are clockwise and anticlockwise Bénard cells) – is
preserved by the macrostructure of the system and determines its further evolution.

Whereas in the equilibrium system each fluctuation is levelled by, and reduced to the
domination of averages, ‘the fact that an event can “attain meaning”, that is, can cease being a
mere rustle in the senseless turmoil of microscopic activity, introduces that narrative element
to physics (...)’ (Prigogine/Stengers, 1988, p 61) which leads to a pluralization of time into a
multitude of self-organizing system internal times. The ‘sensitivity’ (Prigogine/Stengers,
1988, p 60) expressed in this, which characterizes systems far from equilibrium, refers to both
internal fluctuations and external parameters which play no role in equilibrium, but which can
gain decisive influence over the system’s identity far from equilibrium.

In the case of Bénard convection it is the system’s novel sensitivity to gravitation which leads
to the possibility of a build up of internal fluctuations. Below a critical threshold the
stabilizing effects of the liquid’s viscosity and heat transfer by conduction oppose the
destabilizing effect of the heat supply. But as soon as the critical threshold is crossed, the
destabilization of the system means that the liquid elements in the hotter, lower region have a
lower density than those in the colder, upper region. As a result the system’s temperature
gradient finds itself in ‘contradiction’ (Prigogine/Stengers, 1988, p 59) with gravity, which
causes an inverted density distribution. The way in which this situation can lead to instability
and finally to the system’s self-organization is described by Nicolis and Prigogine as follows:
‘To do this just consider a small element of liquid close to the lower plate and imagine that it
is shifted upwards slightly by some disturbance. Since it now finds itself in a colder and hence
more dense environment, it experiences an Archimedean uplift which amplifies the upwards
movement still further’ (Nicolis/Prigogine, 1987, p. 24). The same happens in the opposite
direction. As the system becomes sensitive to the effects of gravity through thermal
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destabilization, it can happen that the interference of Brownian motion – irrelevant in
equilibrium – builds up and imposes a new, ordered regime on the system.

A close connection between sensitivity and identity of systems is demonstrated in this. ‘It is
the system’s activity that “gives meaning” to gravity, which integrates this in a specific
manner its in its own functional mode and hence gravity provides the system with the
possibility of developing new structures, new differentiations’ (Prigogine/Stengers, 1988, p.
60). The system’s identity cannot, as in the case of equilibrium or states close to equilibrium,
be defined through a reduction of the boundary conditions to a series of manipulable factors.
The definition of the system’s identity is far more dependent on its inner activity, which, for
its part, incorporates both external and internal factors in an unpredictable manner. ‘The
notion of “sensitivity” links what physicists had previously been used to separating: the
definition of the system and its activity. (...) It is the system’s intrinsic activity that determines
how we are to describe its relationship to the environment, which therefore engenders the
kind of explanation which will be pertinent in understanding its possible histories’
(Prigogine/Stengers, 1988, p. 60).

Hydrodynamic self-organization phenomena, however, disappear as soon as the external
forces cease or are reduced. The system switches back to the equilibrium state and the ordered
structures dissolve. This also applies fundamentally for the chemical processes on which
Prigogine’s self-organization theory is based. But, in contrast to the hydrodynamic Bénard
instability, given certain conditions in chemical systems ‘new material structures [can arise],
which to a certain extent constitute traces and witnesses of the conditions of their own
formation’ (Prigogine/Stengers, 1988, p. 85). At the same time whereas Bénard convection is
attributed not to chemistry, but to physics since ‘the chemical composition of the substances
in the layer does not change during all processes’ (Nicolis/Prigogine, 1987, p. 29), with
chemical clocks no ‘simple mechanical origin’ (Prigogine/Stengers, 1985, p. 144) can be
stated that brings about the instability. All the same, the time-theoretical implications of the
theory of dissipative structures can be better clarified using examples from the domain of
chemical processes.

The two historically most important examples of self-organization processes in the field of
chemistry are the Belousov-Zhabotinsky reaction in the experimental domain, and the socalled Brusselator in the domain of theoretical models. The Belousov-Zhabotinsky reaction
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was discovered by chance by Boris Pawlowitsch Belousov in the 1950s while attempting to
develop a simple laboratory version of the citric acid cycle. When, as part of his attempts, he
dissolved citric acid and sulphuric acid together with potassium bromate and a cerium salt in
water, a regularly recurring change in colour between yellow and transparent set in. Anatol
Markovich Zhabotinsky examined this reaction further in the 1960s and brought it into the
form usual today by replacing the cerium compound with an iron compound. From this
resulted the – often demonstrated – spectacular periodic switch in colour between blue and
red.

The Belousov-Zhabotinsky reaction was the first spatially oscillating and temporally periodic
reaction – a so-called chemical clock – to be scientifically investigated and finally also
acknowledged by the scientific community. Belousov’s first account of his discovery was in a
manuscript from 1951 (Belousov, 1987b). However, the text was turned down by the editors
of the scientific journal to which Belousov had submitted it. Only in 1959 did a two page
article appear in the documentation of a symposium on radiotherapy (Belousov, 1987a). Since
the reaction described by Belousov was considered to be incompatible with the second law, it
wasn’t until the year 1968, on the occasion of a Prague conference, that Belousov’s discovery
– which had been examined more closely by Zhabotinsky in the 1960s (Zhabotinsky, 1987) –
received international acknowledgement and was related to phenomena known from biology.7

Just how unexpected the appearance of chemical clocks must seem against the background of
the equilibrium conception is emphasized by Prigogine and Stengers in their description of
the Belousov-Zhabotinsky reaction: ‘Suppose we have two kind of molecules, “red” and
“blue.” Because of the chaotic motion of the molecules, we would expect that at a given
moment we would have more red molecules, say, in the left part of the vessel. Then a bit later
more blue molecules would appear, and so on. The vessel would appear to us as “violet,” with
occasional irregular flashes of red or blue. However, this is not what happens with a chemical
clock; here the system is all blue, then it abruptly changes its color to red, then again to blue.
Because all these changes occur at regular time intervals, we have a coherent process.’
(Prigogine/Stengers, 1985, 147f.).

7

For a survey of the history of the Belousov-Zhabotinsky reaction see: Coveney/Highfield,
1992, pp. 248f. and 257ff.; Kuhnert/Niederson, 1987, esp. pp. 40-47. A detailed account is
found in Winfree, 1987.
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Until and during the 1960s chemists, following the second law, had assumed that chemical
reactions in reaction glasses fundamentally exhibit no reproducible periodic behaviour, but
move constantly towards a homogeneous and time-independent final state. All deviations
from this rule were traced back to deficiencies in the performance of the experiment or even
to consciously deceptive manoeuvres, and were hence not made the object of scientific
research. This was the case, say, for the pioneering works already published in the 1920s by
William Bray about a chemical oscillation he had discovered (Bray, 1921). Further
preliminary steps toward the research of chemical structure formation are found in the works
by Friedlieb Ferdinand Runge and Raphael Eduard Liesegang (Kuhnert/Niederson, 1987).

In fact it can be said that ‘in the range of validity of the uniform stationary state the system
(...) simply ignores time. But as soon as it finds itself in the range of periodic states of
oscillation it quite suddenly “discovers” time in the periodic motion’s phase and in the fact
that the maxima of the different concentrations follow one another according to a given
temporal scheme. We could call this temporal symmetry breaking’ (Nicolis/Prigogine, 1987,
p. 37). The sequence of states which the system cyclically reproduces is in fact in no way
reversible. Rather a certain sequence of processes is distinguished by the chemical clock.
There is an asymmetry between future and past: ‘Chemical clocks always go in one direction.
Assuming the chemicals A, B, C and D were concerned and that we saw the sequence A → B
→ C → D → A. The remarkable fact is that the “opposite” sequence A → D → C → B → A
does not occur. This difference obviously goes beyond the mere ascertainment of an
approximation to the probable state’ (Prigogine/Stengers, 1981, p. 246; for details see
Andronow/Chaikin, 1949).

In addition, the system develops a temporal rhythm of its own which makes it possible to use
it as a clock. This is not the case with Bénard convection, in which a single contingent
situation inscribes itself in the further evolution of the system. This evolution, however, is not
characterized by a temporal pattern of its own. In the case of the Belousov-Zhabotinsky
reaction things are different. Here the system reproduces its own state of instability according
to a regular periodicity so as to oscillate to and fro between two ordered states: ‘Far from
equilibrium, therefore, an unexpected relation exists between chemical kinetics and the spacetime structure of reacting systems. (...) Therefore we may say that chemical instabilities
involve long-range order through which the system acts as a whole. This global behavior
greatly modifies the very meaning of space and time. Much of geometry and physics is based
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on a simple concept of space and time, generally associated with Euclid and Galileo. In this
view, time is homogeneous. Time translations may have no effect on physical events.
Similarly, space is homogeneous and isotropic; again translations and rotations cannot alter
the description of the physical world. It is quite remarkable that this simple conception of
space and time may be broken by the occurrence of dissipative structures. Once a dissipative
structure is formed, the homogeneity of time, as well as space, may be destroyed. We come
much nearer to Aristotle’s “biological” view of space-time’ (Prigogine, 1980, p. 103f.).

Furthermore, the chemical reactions differ from the hydrodynamic currents in that they do not
– as do the latter – immediately become turbulent at correspondingly great distances from
equilibrium. For chemical processes far from equilibrium conditions are a necessary, but not
yet a sufficient, condition for microscopic instabilities. Chemical systems far from
equilibrium first become unstable when the further condition that an autocatalytic process is
built into them is satisfied. One speaks of ‘autocatalysis’ in chemistry when the product of a
chemical reaction participates in its own synthesis (Prigogine/Stengers, 1985, p. 143f.). The
concept goes back to Wilhelm Ostwald (Ostwald, 1890). The scientific examination of
autocatalytic feedback structures was developed especially within the framework of
cybernetics and general system theory (Jantsch, 1980, p. 5f.). The relationships through which
chemical clocks function and which the chemical mechanism seeks to explain were revealed
by the so-called Brusselator model – introduced by Prigogine and Lefever at the end of the
1960s (Prigogine/Lefever, 1968) and further developed by Prigogine in the 1970s – and later
reconstructed in detail by Epstein et al. using computer simulations (Epstein, Kustin et al.,
1989).

The Brusselator is a model which may be used to examine in simple conditions the multitude
of possible effects that can result in autocatalytic chemical reactions far from equilibrium.
The model works with two chemical substances A and B which pass through four
intermediate steps, in which the substances X and Y participate, and result in the products D
and E. A schematic account of the four intermediate stages is found in Order out of Chaos
(Prigogine/Stengers, 1985, 146f.). In the first step a molecule X is produced from molecule A.
In the second step X reacts with a molecule B, generating Y and the product D. In the third
step the combination of two X molecules with a Y molecule produces three X molecules. This
is the autocatalytic stage of the reaction that is responsible for the instability: the X molecule
catalyzes its own formation and is hence sensitive to feedback. In the fourth step the direct
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transformation of X into the product of the reaction takes place. The system is kept far from
equilibrium permanently through the continuous provision of the substances A and B and
continuous removal of the products D and E, with the reaction glass always being well
agitated at the same time.

Using the Brusselator changes in the concentrations of X and Y are examined as they depend
on the throughput imposed on the system. At low throughput values of A and B the system
finds itself close to equilibrium. Crossing the first critical threshold leads to the periodic
behaviour, familiar from the Belousov-Zhabotinsky reaction, of the so-called limit cycle. The
concentrations of X and Y move in regular orbits about the now unstable stationary state
(Prigogine/Stengers, 1985, p. 147; Coveney/Highfield, 1990, p. 192). The limit cycle itself
represents a new stable state from which the system cannot extract itself through fluctuations.
The trajectories of all possible initial states for the given boundary conditions are drawn
towards the limit cycle as an attractor and lead to the chemical clock’s periodic behaviour. To
this extent it can be said that ‘a system characterized by a limit cycle remains a predictable
system that can be described in a simple manner’ (Prigogine/Stengers, 1988, p. 72).

The limit cycle differs from simple attractors, such as the equilibrium state for example, only
in that it is an attractor which takes the form not of point, but of a line. The linear attractor is
described with the help of the so-called Hopfian bifurcation (Hopf, 1942). This is a simple
branching in which the system is unstable only at the bifurcation point itself, but then
immediately switches to a new, stable – the periodic – state. Prigogine and Stengers note: ‘Far
from exhausting the new solutions that may appear, this primary bifurcation introduces only a
single characteristic time (the period of the limit cycle) or a single characteristic length. To
generate the complex spatial temporal activity observed in chemical or biological systems, we
have to follow the bifurcation diagram further’ (Prigogine/Stengers, 1985, p. 167).

The system’s complex transitional structure, that is, the linking of a plurality of different
stable and unstable states in time, is represented using the cascade model – so-called Turing
bifurcation – developed by Alan Turing in 1952 and adopted by Prigogine and Lefever.
Analysis of the Brusselator falls in the range of these complex structures when diffusion
within the system is taken into account. At the experimental level of the BelousovZhabotinsky reaction this means that the reaction is now carried out without regular mixing
(that is without agitation). In this case regular spatio-temporal patterns occur beyond the
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critical threshold whose evolution can no longer be as easily predicted as that of the chemical
clock (cf. the illustrations in Nicolis/Prigogine, 1987, p. 39f.). Correspondingly in the
Brusselator model ‘the diffusion of the chemical throughout the system induces, in the far
from equilibrium region, the possibility of new types of instability, including the
amplification of fluctuations breaking the initial spatial symmetry. Oscillations in time,
chemical clocks, thus cease to be the only kind of dissipative structures available to the
system’ (Prigogine/Stengers, 1985, p. 148). The ordered spatial patterns can of course link
with the temporal oscillations of the chemical clock: ‘For instance the limit-cycle resulting
from a Hopf instability can turn in space as well as time. One familiar object which changes
in space and time is a wave – think of one breaking on a pebble beach. And indeed, in a
chemical clock where Hopf instability rules, we should expect to see ripples of red and blue
passing through the reactor rather than the entire solution in the reactor simultaneously
changing colour to red or blue instantaneously’ (Coveney/Highfield, 1990, p. 196).

At the level of systems of complex bifurcations that go beyond ‘primary bifurcation’
(Prigogine/Stengers, 1985, p. 167) – that is, beyond simple Hopf bifurcation – which result
when diffusion is also considered and the system’s throughput further increased, ever more
complex temporal and spatial structures develop. Particularly interesting in our context is the
fact, already highlighted in the section on Bénard convection, that multiply bifurcated systems
far from equilibrium unfurl a historical dimension. Prigogine and Stengers comment: ‘Once
the system is moved further and further from equilibrium through interaction with the
environment, the system passes through zones of instability towards certain fluctuations
(bifurcations) and its evolutionary path can assume a quite eventful ‘historical’ character. In
the bifurcation ranges, fluctuations decide which working regime the system will
subsequently find itself in. Hence, alongside its composition and the boundary conditions, the
determinant quantities of a non-equilibrium system also include its own history
(Prigogine/Stengers, 1990, p. 14).

The close connection between bifurcation and narrative temporal structure intensifies with the
degree of bifurcation tree’s complexity: ‘The “historical” path along which the system
evolves as the control parameter grows is characterized by a succession of stable regions,
where deterministic laws dominate, and of instable ones, near the bifurcation points, where
the system can “choose” between or among more than one possible future’
(Prigogine/Stengers, 1985, p. 169f.). However, as can be shown using the Brusselator, this
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‘mixture of necessity and chance’ (Prigogine/Stengers, 1985, p. 170), characteristic of
historical developments, is part of an intermediate region. It arises at a certain distance from
equilibrium and breaks down again as soon as the distance from equilibrium becomes too
great. Prigogine and Stengers write: ‘It has been observed for a certain bifurcation diagram
that one can even attain behaviour with which, having passed through a series of subsequent
bifurcations, the system becomes chaotic’ (Prigogine/Stengers, 1981, p. 170). From this the
authors conclude: ‘The distance from equilibrium must be large enough, but may not be too
great, if one is to avoid destruction of the delicate structure necessary for the maintenance of
the normal functions of life’ (Prigogine/Stengers, 1981, p. 171). The cyclic temporal
structures of life, and the historical dimensions and temporally interlocking structures of
individual and collective chemical and biological systems are an extremely sensitive and
precarious phenomenon representing ‘a kind of sandwich level between the thermal chaos of
equilibrium and the turbulent chaos of non-equilibrium’ (Prigogine/Stengers, 1981, p. 170).

4) The Objective Temporalization of Time in Physics
and the Concept of Irreversible Time
The preceding reconstructions of scientific history have shown how the introduction of the
concept of the irreversible arrow of time, which took place within the framework of the
emergence and scientific establishment of thermodynamics in the disciplinary system of
physics, leads to an internal pluralization of physical discourse. From the attempt to
operationalize complex thermodynamic systems with the means of physical formalization, the
necessity resulted within physics to supplement the reversible time concept underlying
classical mechanics with modified time concepts that imply in various ways the irreversibility
of a time directed from the past into the future. The transition thus expressed from a
Newtonian world-view, one oriented towards universality and uniformity, to a science
operating with plural models of the construction of physical objects had already been
highlighted by Comte in the middle of the 19th century from the perspective of the
philosophy of science. Within science itself the transition from a uniform conception of
physics to a pluralistic one working with heterogeneous time concepts became a theme of the
discussion, prompted by Boltzmann, about the possibility or impossibility of a mechanical
theory of thermodynamics.

Against this background Boltzmann’s original project, in whose succession Prigogine’s
research is situated, proved to be an undertaking which aimed was to anchor firmly the
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irreversible arrow of time beyond the macrophysical realm of thermodynamics – in which it is
indispensable – within physics at all levels. This expresses Prigogine’s claim to be developing
a uniform physical theory of the complex encompassing all phenomena, one freed from all the
internal conflicts arising from the confrontation of varying time concepts. At the same time
the preceding reconstructions of scientific history have made clear that Boltzmann’s original
project, to which Prigogine appeals, must be contrasted with his later climbdown position.
This consists of recognizing the fact that the irreversibility of time cannot be anchored in
mechanics, but is the effect of a statistical description forced by the system’s complexity,
which has the character of an approximation and could, in principle, be theoretically reduced
to reversible trajectories in the microscopic description.

The two interpretations of irreversibility – the microscopic theory of irreversibility, advocated
by Prigogine in recourse to Boltzmann’s original project, and the macroscopic theory, which
results from Boltzmann’s climbdown position and has been developed in the philosophy of
science by Reichenbach (Reichenbach, 1971, 1957) and Grünbaum (Grünbaum, 1973) among
others – stand in unreconciled opposition to one another in current discussion (Kroes, 1982,
esp. pp. 117-123; Kroes, 1985, esp. pp. 147-176). Boltzmann’s later position, that
emphasizing the approximative character of macrophysical descriptions, has gained
plausibility through the transformation of the deterministic H-theorem into a timesymmetrical statistical formulation – the so-called generalized H-theorem (Davies, 1974, pp.
29-79, esp. pp. 49-51 and 60-62). On the other hand, through both the described extension of
thermodynamics to systems far from equilibrium and the transformation experienced by
dynamics within the framework of chaos theory and the introduction of fractal mathematics,8
the borders between microphysics and macrophysics have started to shift in a way
underpinning the prospect, provided by Prigogine and Stengers in the Paradox of Time, of ‘a
consistent formulation, including irreversibility and probability, of the fundamental laws of
physics’ (Prigogine/Stengers, 1993, p. 33; cf. also Prigogine, 1998).

The question as to which of the two opposing physical irreversibility theories will hold up and
assert itself in the future must be left open here. It is to be emphasized, however, that through
their universalist self-interpretation, Prigogine and Stengers provide the microphysical theory
8

See, for example: Ekeland 1984; Davies, 1988; Jetschke, 1989; Coveney/Highfield, 1990,
pp. 260-292; Prigogine/Stengers, 1993, pp. 125-327; Prigogine, 1997, pp. 89-106; Prigogine,
1998, pp. 35-56.
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of irreversibility they are striving for with philosophical implications that cannot be covered
by the facts and which fall behind the pluralistic perspective resulting from their scientific
works. This can also be seen in those passages of their reconstructions of scientific history in
which the authors smoothly switch from the reconstruction of facts to the universalistic
interpretation thereof.

An example of this switch is provided by the accusation, directed by Prigogine and Stengers
against classical physics, that its operational procedures amount to a denial or obliviousness
to time. With Prigogine and Stengers the seemingly purely descriptive talk of the ‘elimination
of time’ (Prigogine, 1998, p. 17) or the ‘denial of the arrow of time’ (Prigogine/Stengers,
1993, pp. 9 and 42ff.) implies a realistic correspondence theory of truth. According to this
theory physics falls short of its supposed task of depicting external reality by abstracting from
the irreversibility of time (which Prigogine and Stengers locate in a reality encompassing
humans and nature).

This accusation should be contrasted with the constructivist self-understanding possessed by
modern science since Descartes (Heidegger, 1977b). The idea, highlighted by Prigogine and
Stengers, that the alleged obliviousness to time was noticed only at the end of the 19th
century can be straightforwardly explained against the background of this self-understanding.
A science understanding itself constructively and not realistically will, as a rule, question its
underlying base assumptions and basic paradigms neither because of their incompatibility
with a reality supposed to be theory-independent, nor through a comparison with everyday
experience postulated as being theory-independent (Bachelard, 1987). Scientific scrutiny of
its own assumptions begins far more when a theory appears that replaces the basic
assumptions of the old paradigm with other assumptions. Thus in terms of the history of
science it is in no way surprising that it was the outbreak of the dispute between
thermodynamics and dynamics which first led to the explicit thematization of the concept of
reversible time underlying classical physics. Previously there had quite simply been no
serious competitors to question precisely this assumption.

But a second implication is linked with the talk of the denial of time by classical physics, one
resulting from Prigogine and Stengers’ tendency to switch directly from the descriptive
pluralism of their reconstructions of scientific history to the speculative universalism of their
philosophical self-interpretation. This implication consists of Prigogine and Stengers’
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suggestion that ‘an original concept’ (Prigogine/Stengers, 1981, p. 268) – one leading science
back to its actual essence and pointing beyond pragmatic goals – has been introduced to
physics with the introduction of the concept of irreversible time into classical
thermodynamics and with the transformation and differentiation of this concept within the
framework of the theory of dissipative structures. The essentialization of time, as
temporalized with the means of physics, that lies in this claim is to be confronted in the sequel
with the reflexive temporalization of time that has occurred in modern philosophy of time.
Finally, a philosophical alternative to Prigogine and Stengers’ universalist self-interpretation
will be developed on this basis.
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Chapter II: The Reflexive Temporalization of Time in Philosophy
The basic reflexive feature of the temporalization tendency emerging in modern philosophy
will be expounded by way of a historical-systematic analysis. This analysis, which begins
with Kant and progresses via Husserl and Bergson, will focus on Heidegger’s theory of
temporality. The reflexive temporalization of philosophy appearing in Heidegger’s thinking
and the objective temporalization of physics culminating in Prigogine’s research will finally
be set in relation to one another as two ways of temporalizing time.

1) Kant’s Theory of Time as the Starting Point of
the Reflexive Temporalization Tendency
The transcendental philosophy of time, presented by Kant in the Transcendental Aesthetic of his
Critique of Pure Reason (1781), may be considered the Magna Carta of modern philosophy of
time. In the Critique, Kant defined time as being ‘a pure form of sensible intuition’ (Kant, 1985,
p. 75 [B 47]). There is almost no single philosophical theory which has been misunderstood as
often as Kant’s definition of time as a pure form of sensible intuition. The standard
misinterpretation is that Kant, with his theory, had refuted the reality of time and downgraded it to
being a merely subjective illusion. This misunderstanding is widespread not only among
philosophers but, above all, among scientists.

The following quote from the British philosopher and founder of analytical philosophy of time,
John M.E. McTaggart, provides a significant example of the persistence with which this
misunderstanding had established itself within philosophy. In his famous 1908 essay ‘The
Unreality of Time’ he writes, ‘In philosophy, again, time is treated as unreal by Spinoza, by Kant,
by and by Schopenhauer’ (McTaggart, 1908, p. 457). Scientists such as Albert Einstein or Kurt
Gödel, who had read McTaggart (Gödel, 1970, p. 557, footnote), also went along with this
prejudice. Thus Gödel, on whose view time had lost its ‘objective meaning’ (Gödel, 1970, p.
557) through the ‘relativity of simultaneity’ (Gödel, 1970, p. 557) proven by Einstein, writes: ‘In
short, it seems that one obtains an unequivocal proof for the view of those philosophers who, like
Parmenides, Kant, and the modern idealists, deny the objectivity of change and consider change
as an illusion or an appearance due to our special mode of perception’ (Gödel, 1970, p. 557). Just
as Gödel praises Einstein’s work as being physical evidence of the unreality of time allegedly
formulated by Kant, McTaggart commends his own work as being an analytic variant of the
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proof, supposedly demanded by Kant, of time’s unreality. In this sense McTaggart writes, ‘I
believe that time is unreal. But I do so for reasons which are not, I think, employed by any of the
philosophers whom I have mentioned (...)’ (McTaggart, 1908, p. 457).

At this point it would lead too far to examine McTaggart’s proof in detail. In summary, however,
it may be said that what McTaggart proves is nothing other than what Kant himself had shown
long ago: namely not – as McTaggart believed – that time is absolutely unreal, but rather that
time has no reality that is independent of the subject. This is an important difference. If time has
no subject-independent reality, then this means only that it lacks a certain kind of reality – and not
reality altogether. Thus it is not unreal in an indiscriminate sense and a mere illusion. Moreover,
having no subject-independent reality is by no means a deficit that devalues the ontological status
of time in contrast to the being of other things. For, as Michael Dummett highlighted in the 1960s
in his essay ‘McTaggart’s Proof of the Unreality of Time: A Defence’ (Dummett, 1960, p. 504),
the idea of time as a subject-independent, fully describable reality is in itself a fiction. A fiction
presupposing that we have access to a world through which – detached from our finite cognitive
conditions – we connect, in the sense of a quasi-divine essential intuition, with inner being.

A decisive flaw in the study of analytic time theory presented by Peter Bieri in the 1970s is
that Bieri fails to take account of Dummett’s considerations (Bieri, 1976). Bieri’s attempt to
countercheck McTaggart’s proof of the time’s unreality with a proof of its reality is marred by
this flaw in two respects. First of all Bieri’s reading of McTaggart is fixated on those aspects
of McTaggart’s approach which might support Bieri’s suggestion that McTaggart had
attempted to prove the absolute unreality of time. Through this he overlooks those quite
central aspects of McTaggart’s time theory which, in recourse to James, accentuate the
relativistic view of time’s reality (McTaggart, 1908, p. 471ff.). Secondly, from Bieri’s onesided reading of McTaggart there unavoidably results his own attempt, one necessarily
destined to failure, to prove time’s reality in the strong sense of its being a subjectindependent reality that is to be considered ‘real’ ‘no matter whether or how we experience it’
(Bieri, 1976, p. 11).

Kant had already put an end to this fiction of a subject-independent reality. In contrast to the
assumptions made by McTaggart and Gödel in the quotes mentioned here, it was by no means
Kant’s aim to question the objectiveness of time in the sense of reducing it to the level of
‘illusion’ or ‘mere appearance’. The Kantian linking of time, apprehended with recourse to
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Newton, Leibniz and scholastic tradition as a subject-independent world structure (Martin, 1955
pp. 11-41), to the transcendental subject is, conversely, far more an attempt to ground time’s
objectivity in a new, transcendental, manner, one considering the justified doubts expressed by
Hume towards the traditional Leibnizian-Newtonian tradition. The point of Kant’s reasoning is
that time can be ineluctable and a priori – that is, generally valid and necessary (Kant, 1985, p.
43f. [B 3f.]) – only when it is proven to be an intersubjectively binding condition, and moreover
one transculturally and supertemporally valid, for the possibility of knowledge altogether.

Kant, however, highlights sensible intuition as the fundament of all human knowledge – this in
contrast to the traditional Platonic concept of knowledge, prevalent through to the time of Leibniz
and Newton, according to which only the intelligible can be a true object of knowledge. The basic
thesis of the Critique of Pure Reason is simultaneously contained in its first sentence. This reads:
‘In whatever manner and by whatever means a mode of knowledge may relate to objects,
intuition is that through which it is in immediate relation to them, and to which all thought as a
means is directed’ (Kant, 1985, p. 65, [B 33]). It is this basic thesis, that of the primacy of
intuition as the basic condition of possibility for all human knowledge, which must be considered
in order to understand how far Kant’s proof that time is ‘a pure form of sensible intuition’ (Kant,
1985, p. 75 [B 47]) simultaneously assures its objectivity and universality.

Kant’s simple thesis, which Gödel – along with most other scientists who have come up against
Kant’s theory of time – fails to consider, is that all knowledge accessible to humankind – and that
includes humankind in our pursual of science (e.g. in physics) – is sensible, that is temporal,
intuition. Kant thus attempts to secure the objectivity and universality of time precisely through
its transcendental subjectivism. This connection is expressed in the following much cited passage
from the Transcendental Aesthetic. At first it seems that Kant really does want to deny time all
reality. He writes: ‘Time is therefore a purely subjective condition of our (human) intuition
(which is always sensible, that is, so far as we are affected by objects), and in itself, apart from
the subject, is nothing’ (Kant, 1985, p. 77 [B 51]). But the next sentence, usually omitted in
citation, is decisive. This states, ‘Nevertheless, in respect of all appearances, and therefore of all
the things which can enter into our experience, it is necessarily objective’ (Kant, 1985, p. 78 [B
51]). With this in mind Kant then speaks of the ‘empirical reality’ of time, that is, of its ‘objective
validity in respect of all objects, which allow of ever being given to our senses’ (Kant, 1985, p.
78 [B 52]).
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Along with the misunderstanding about the unreality of time, the reception of Kant’s theory of
time is marked by a second consequential shortfall. Strictly speaking, this shortfall is less a
misunderstanding than a failure to understand, that is, a narrowed outlook in reception. Decisive
aspects of Kant’s time theory have long been eclipsed through its equation – one preformed by
Schopenhauer (Schopenhauer, 1969, pp. 5-13, 425, 437-452) and Hegel (Hegel, 1974, pp. 432ff.)
– with the theory of time in the Transcendental Aesthetic. This matter was brought out, using
insights gained from Heidegger’s book Kant and the Problem of Metaphysics (Heidegger, 1990),
by Klaus Düsing in his Examination of Kant’s Theory of Time and its Critical Modern Reception
(Düsing, 1980). As Düsing emphasizes at the beginning of his investigation, ‘Kant’s theory of
time is, of course, contained only incompletely in the Transcendental Aesthetic of the Critique of
Pure Reason; essential details of this theory are found in the subsequent sections (...)’ (Düsing,
1980, p. 2). Similarly, already in §10 of Heidegger’s Kant and the Problem of Metaphysics we
read: ‘The following interpretation shows how time shifts more and more to the forefront in the
course of the individual stages of the laying of the ground for metaphysics, and hereby first
reveals its own particular essence in a more original way than the provisional characterization in
the Transcendental Aesthetic permits’ (Heidegger, 1990, p. 52; cf. also pp. 96 and 124).
The obscuring of those aspects of Kant’s time theory pointing beyond the Transcendental
Aesthetic is based on another more profound narrowing of outlook, one no longer dealt with by
Düsing. This narrowing of outlook consists of the failure to acknowledge the fact that Kant
himself had explicitly relativized his own transcendental universalization of time. Whereas
Husserl and Bergson paradigmatically bind the Kantian subjectivization of time back to the finite
intentional subject (Husserl) or the living self of pure, flowing duration (Bergson), and
simultaneously – against Gödel – stick to the universality of time as a dimension constituting the
subjectivity of the subject itself, Kant had already questioned the universality of time which he
had initially presupposed.

The decentralization and relativization of the transcendental philosophical time concept hinted at
with Kant was consistently carried through by Nietzsche. He spelt out historically the temporality
which became noticeable as a blind spot in the rear of the transcendental philosophical treatment
of time, one pervading not only all factual knowledge, but the conditions of possibility of
knowledge themselves. Thus Nietzsche writes in a fragment from the Nachlaß dating from
between April and June 1885: ‘The most established motions of our mind, our regular
gymnastics, for example, in presentations of space and time, or in the need for ‘justification’: this
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philosophical habitus of the human mind is our actual potency: that is, that in many mental
matters we can do nothing else: what one calls psychological necessity. This has become (...)’
(Nietzsche, 1980, vol. 11, p. 449, no. 34[89]).

The transition from Kant’s transcendental philosophical time theory to Nietzsche’s perspectival
thinking on time has been brought out by Werner Stegmaier.9 Stegmaier highlights that the basic
problem of modern philosophy of time is ‘that the representation of time takes place in a time
which the representation determines and hence can no longer be represented itself’ (Stegmaier,
1987, p. 203). Against the background of this problem he situates Kant and Nietzsche as follows:
‘Kant solved it [the basic time-philosophical problem – M.S.] by grasping time as the
unrepresentable condition of our representation, that is, as our perspective. The perspective,
however, was to be given a priori, that is, itself exempted from time. It was Nietzsche who first
carried out perspectivization in the philosophy of time too. He gradually drew the perspective of
philosophical and scientific knowledge itself into a no longer representable time’ (Stegmaier,
1987, p. 204). This occurs with Nietzsche, Stegmaier continues, ‘from a historical, aesthetic and
practical, temporal representation of time’ (Stegmaier, 1987, p. 204). Hence Kant and Nietzsche
opened up the horizon for a reflexive temporalization of time which was set out further by
Heidegger and is currently being worked on by Derrida (Derrida, 1992), Lyotard (Lyotard, 1991),
Rorty (Rorty, 1989, 1994) and others.

Kant’s own relativization of the universalization of time that had been carried out in the
Transcendental Aesthetic is found not in the Transcendental Aesthetic itself, but is developed in
passing within the framework of the Transcendental Logic. The distinction Kant makes in a
footnote in the B edition of the Transcendental Deduction between time as a ‘form of intuition’
and as ‘formal intuition’ (Kant, 1985, p. 170 [B 160]) is of central importance here (cf.
Heidegger, 1976, pp. 294-297; Heidegger, 1977, pp. 132-139). The distinction to which this
footnote relates is already introduced in the content of the main text. The main text reads: ‘In the
representations of space and time we have a priori forms of outer and inner sensible intuition; and
to these the synthesis of apprehension of the manifold of appearance must always conform,
because in no other way can the synthesis take place at all. But space and time are represented a
priori not merely as forms of sensible intuition, but as themselves intuitions which contain a
manifold [of their own], and therefore are represented with the determination of the unity of this
manifold (vide the Transcendental Aesthetic)’ (Kant, 1985, p. 170 [B 160]). Thus, on Kant’s own
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understanding, the subject of the Transcendental Aesthetic is not the form of intuition as such, but
a quasi-objective construction: time as formal intuition.
Günter Wohlfart sees this insight of Kant’s as being already fixed within the Transcendental
Aesthetic itself in radicalized form. In his interpretation Wohlfart points to the fact that Kant
attempts to prove the ‘intuitiveness of the representation of time’ (Wohlfart, 1982, p.23) in the
fourth and fifth arguments in the Metaphysical Exposition of the Concept of Time, and in
particular to the way he does this. Kant’s proof, which demonstrates that time cannot be an
intellectual concept, implicitly leaves open the possibility, although not explicitly seized by Kant
himself, so Wohlfart continues, of nonetheless apprehending time not as intuition, but as a
concept of reason, that is, as an idea: ‘According to the Kantian proof, space and time might
perhaps be not universal, but only singular representations. This means, however, that they could
be both (pure) intuitions and ideas’ (Wohlfart, 1982, p.29).
Kant himself defines the object of the Transcendental Aesthetic retrospectively in the previously
mentioned footnote to the Transcendental Logic as follows: ‘Space, represented as object (as we
are required to do in geometry), contains more than mere form of intuition; it also contains
combination of the manifold, given according to the form of sensibility, in an intuitive
representation, so that the form of intuition gives only a manifold, the formal intuition gives unity
of representation’ (Kant, 1985, p. 170 (B 160f). Explicitly referring to the Transcendental
Aesthetic the annotation continues: ‘In the Aesthetic I have treated this unity as belonging merely
to sensibility, simply in order to emphasize that it precedes any concept, although, as a matter of
fact, it presupposes a synthesis which does not belong to the senses but through which all
concepts of space and time become possible. For since by its means (in that the understanding
determines the sensibility) space and time are first given as intuitions, the unity of this a priori
intuition belongs to space and time, and not to the concept of the understanding’ (Kant, 1985, p.
170 [B 161]).
This means that the conceived unity of time in the Transcendental Aesthetic, which in the
‘Transcendental Exposition of the Concept of Time’ (Kant, 1985, p. 76 [B 48]) at the same time
serves as a fundament of the ‘general doctrine of motion’ (Kant, 1985, p. 76 [B 49]), is itself
already an objectivized representation of time, that is, one presupposing conceptual or categorial
syntheses. It is this uniform linear conception of time, which may be introduced ‘by analogies’
9

On the problem of time with Nietzsche see also Stambaugh, 1987.
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(Kant, 1985, p. 77 [B 50]) in describing ‘a line progressing to infinity’ (Kant, 1985, p. 77 [B
50]), that was universalized and epistemologically legitimized by Kant – not least with regard to
Newton’s physics – in its ‘empirical reality’ (Kant, 1985, p. 78 [B 52]).

At the same time, however, the second representation of time, appearing behind the back of the
objectivized time concept, eludes transcendental philosophical explication. For time, as a form of
intuition in the strict sense, forms the horizon, no longer illuminated by Kant, in which time itself
can first be dealt with as formal intuition. The universality of the objective time concept in the
Transcendental Aesthetic is once again decentralized and at the same time methodically
relativized by the dimension of this horizon, which itself cannot be accounted for in
transcendental philosophical terms. In this sense Heidegger emphasizes in §9 of his
Phenomenological Interpretation of Kant’s Critique of Pure Reason (Heidegger, 1977), that from
Kant’s perspective ‘formal intuition is not a primordial, but a derived representation’ (Heidegger,
1977, p. 132). The way in which Heidegger’s analysis of temporality is presented against the
background of this insight will be brought out in the sequel.

2) Between the Temporalization and Essentialization
of Time: Bergson and Husserl
Before taking a detailed look at Heidegger’s analysis of temporality, I would like to
demonstrate its specifity in demarcation from the contemporaneous time theories of Bergson
and Husserl. To this end both Heidegger’s analysis of temporality and the time theories of
Husserl and Bergson will first of all be situated within the context of debate about time which
ran in the first half of the 20th century.

a) Bergson, Husserl and Heidegger in Context
The tension between the universalization and relativization of time, which already dominates
the core of Kantian time theory, appears in all clarity at the centre of modern philosophy of
time at the beginning of the 20th century. The context of discussion in the first half of the
century extends from the time philosophical positions in a narrow sense of Bergson, Husserl
and Heidegger, through a broad field of psychologizing, sociologizing time concepts, or those
based on world-view arguments (Hönigswald, Minkowsky, Volkelt, Simmel, Scheler, Klages,
Spengler etc.), through to the so-called ‘philosophy of space and time’ (Reichenbach, 1957)
whose advocates attempted to transform the philosophical question regarding time into the
theoretical scientific examination of relativistic physics.
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Characteristic of debate at this time is the fact that, alongside a multitude of authors
absolutizing either the aspect of ontological relativity or the aspect of ontological universality,
the main exponents in discussion of this period (Bergson, Husserl, Heidegger) themselves
argued out the conflict between time relativization and time universalization at the centre of
their theories. This is ignored by most historical retrospectives dealing with the time debate in
the first half of the century. Instead of this, the polar opposition between one-sidedly
relativistic and one-sidedly universalistic positions is foregrounded in most surveys. In the
following I will refer to the complete accounts by Werner Gent (Gent, 1962, 1965), Charles
M. Sherover (Sherover, 1975) and Rudolf Wendorff (Wendorff, 1985).

On the side of the one-sided relativistic positions authors are found who note an
undifferentiated and unrelated multitude of particular Eigenzeiten. These they abstractly
contrast with an opposing unitarily and uniformly conceived world time. On their own selfunderstanding these authors follow on from the transcendental subjectivization of time carried
out by Kant in the Critique of Pure Reason’s Transcendental Aesthetic. But in their attempts
they fall victim to the unreality misunderstanding highlighted above with the example of
McTaggart, Einstein and Gödel’s Kant reception. With the mediation of the voluntarist time
theories of Schopenhauer (cf. Morin, 1951; Gent, 1962, pp. 229-247; Most, 1977, pp. 11-72;
Sandbothe, 1989, esp. pp. 159-163) and Schelling (cf. Wieland, 1956) they attempt to
radicalize the Kantian subjectivization of time by declaring time to be a variable experiential
function of particular subjects (Scheler, Simmel, Spengler, Klages, Hönigswald, Minkowski,
Vokelt etc.). By doing this, however, they adhere to the concept of the subject as a timeless
authority presupposed by Kant and Schopenhauer (and first questioned by Nietzsche) which
is the model according to which the subjectivity of particular subjects is conceived. This
distinguishes them from the current advocates of a reflexive temporalization of time in
philosophy (Lyotard, Derrida, Rorty).

On the other side of the opposition different variants of time philosophical universalism are
found. On the one hand, there are positions following on from Fichte, Schelling and Hegel,
which attempt to undermine process-philosophically the Kantian subjectivization of time
(Lotze, Whitehead, Alexander) or to reinterpret it logicistically (Cohen, Natorp, Cassirer). On
the other hand, positions are found which explicitly and consciously go back before Kant.
These include, firstly, the reactivation of pre-Kantian modern theories of time which attempt
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to derive human experience of time within the empiricist tradition from the successive
associative relationship of originally timeless sensations (Mill, Mach, Herbart, Wundt,
Russell). Secondly, there are attempts to reactivate pre-modern theories of time which,
running counter to the Kantian subjectivization, understand time as being a substantial and
subject-independent basic structure of absolute reality (von Baader, Bolzano).

In the surveys mentioned even the positions of those authors who themselves argue out the
conflict between both extremes in a differentiated manner in the midst of their theories are
usually tailored according to the straightforward opposition of one-sided time relativism and
one-sided time universalism. The three outstanding authors to have developed such a higherlevel problem formulation in their theories of time are Bergson, Husserl and Heidegger.
Common to all three authors is that in their theories of time – unlike, say, Hönigswald
(Hönigswald, 1965) or Minkowski (Minkowski, 1970), who may be considered paradigmatic
advocates of one-sidedly relativistic time theories – they foreground the deeper dimension of
time that is decisive for the constitution of subjectivity itself. In doing this they attempt to
illuminate the horizon of time understood (in the sense of the Transcendental Logic) as a
‘form of intuition’ (Kant, 1985, p. 170 [B 160]), which although marked out by Kant, was not
analyzed by him. The individual experiential time of particular subjects appears from this
perspective as a derivative dimension of those underlying structures of temporality which
both found the subjectivity of the subject and constitute that which is experienced in
experiential time. It is this dimension of a double backward descent that leads Bergson,
Husserl and Heidegger to contrast the time relativized by Kant to the transcendental subject’s
synthetic feats with the universality of a more primordial time through which the subject’s
subjectivity itself is first constituted.

A few cases from the survey literature might serve as examples of the undifferentiated
ordering of these time theories to the one-sidedly relativistic or the one-sidedly universalistic
positions. Thus Wendorff ascribes the works of Bergson, Husserl and Heidegger without
further delimitation to the entire movement of existential and life-philosophy by equating the
basic intention of their approaches with those of Klage, Frobenius, Weininger et al. Common
to all of them – Wendorff explains – is the ‘endeavour to uncover irrational forces’, the
‘distinction between a “true experiential time” and an “inauthentic time” contrasting with
this’, as well as their ‘grappling with the correct interpretation of the now and its relationship
to past and future’ (Wendorff, 1985, p. 477). Gent proceeds similarly by presenting Bergson,
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Husserl and Heidegger, along with Scheler, Spengler, Volkelt and Conrad-Martius, as
advocates ‘of the method of so-called “direct self-contemplation” (...) [applied to] the
experience of time’ (Gent, 1965, p. 50f.) whose common goal is the ‘renunciation of the
physical concept of time’ (Gent, 1965, p. 58). Whereas Wendorff sees the ‘philosophical
endeavour’ of existential and life philosophy’s philosophy of time as being centred on
‘opposing a resolution of the phenomenon of time into a sum of new psychologically explored
singular phenomena’ (Wendorff, 1985, p. 471) – that is, emphasizes the time-theoretical
universalism of existential and life philosophy – Gent highlights instead the relativism of the
positions collected by him under the caption ‘The phenomenological concept of time’ and
bemoans: ‘Once again time is repeatedly declassed’ (Gent, 1965, p. 58).

Although more differentiated, Sherover still simultaneously proceeds very schematically
when he presents Bergson’s philosophy of time as one of four attempts ‘to reassert the
independent objectivity of what Kant had termed the two forms of intuition’ (Sherover, 1975,
p. 157). Bergson appears here alongside Hegel, Lotze and Alexander as representing a
‘revival of Aristotelian realism’ (Sherover, 1975, p. 156) and in this sense as the pronounced
advocate of a strong ontological universalism of time. In contrast to this Sherover presents
Husserl and Heidegger as representing a weak universality of time documented solely by the
temporal structure of human consciousness (Sherover, 1975, pp. 437-465, esp. 438-440). In
doing this Sherover foregrounds Husserl’s starting point for reflexive questioning of ‘how we
experience our own experience’ (Sherover, 1975, p. 438f.). In contrast to him, the time
theories of Heidegger and Minkowski initially appear only to be experiments ‘in
existentializing phenomenology’ (Sherover, 1975, p. 440). Finally, however, in his chapter on
Heidegger, Sherover makes clear that Heidegger’s analysis of temporality sets new standards
compared with the time theories of his predecessors: ‘we have the beginning of an
explanation of the integrity of our temporalizing experience and of our present attempt to
understand it as well’ (Sherover, 1975, p. 465).

Indeed, compared with the time theories of Bergson and Husserl, Heidegger’s analysis of
temporality assumes a particular position. Heidegger’s distinction vis-à-vis Bergson and
Husserl consists of his developing a set of philosophical instruments, with whose help the
temporality structures constituting subjectivity can be described without being overformed by
the traditionally dominant model of linear world time. Heidegger succeeds in this because –
unlike Husserl and Bergson, who explicitly adhere to a theoretical understanding of time
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consciousness in an emphatic sense – he comprehends the temporality of human Dasein in
terms of the practical self-projection of human existence.10 At the same time this also founds
the ‘priority of the future’ (Heidegger, 1993, p. 378) which Heidegger brings out with the
utmost precision as being the decisive temporal dimension for the practical self-projection of
human existence. The time analyses by Bergson and Husserl are also informed by the
temporal dimensions (past, present, future) as those basic temporal structures distinguishing
human consciousness from linear world time. Yet in contrast to Heidegger they centre the
fabric of the temporal dimensions not in the future dimension, which is decisive for practical
self-projection, but in those dimensions that had been closely linked by a tradition reaching
from classical antiquity through to Hegel with theoretical contemplation: the past (Bergson)
and the present (Husserl).11

Common to both concepts of time – Bergson’s model of time centring on the past and
Husserl’s model of time centring on the present – is that they presuppose time as an inner
object accessible to theoretical contemplation: an object revealing itself to phenomenological
analysis (Husserl) or to life-philosophical intuition (Bergson) as immediate givenness in the
mode of indubitable evidence. This basic theoretical structure, which distinguishes the time
conceptions of Husserl and Bergson from Heidegger’s temporality, will first be elaborated on
for Bergson and for Husserl and then confronted with Heidegger’s critical counter design.

b) Bergson’s Theory of Pure Duration
Bergson had already developed the fundamentals of his philosophy of time in the 1880s. In
his study on time entitled Time and Free Will12 he presents ‘pure duration’ (Bergson, 1910, p.
77 and passim) as immediate givenness which is accessible to our original ‘intuition’ (cf. also
Bergson, 1913, p. 6) in a distinguished manner and is disguised to us only by the objectifying
10

The explicit criticism levelled from this perspective by Heidegger at Bergson’s time theory
is found in compact form in the lecture ‘Logic – The Question Regarding Truth’ held by
Heidegger in Marburg in the 1925/26 Winter Semester (Heidegger, 1976, pp. 246-250, 266ff.;
cf. Heidegger, 1990, p. 262). His criticism of Husserl’s time theory is found in the lecture
‘The Metaphysical Foundations of Logic’ from the 1928 Summer Semester (Heidegger, 1984,
pp. 203f.). Cf. here Meyer, 1982, pp. 37-44.
11
On the temporal structure of the Greek
see Theunissen, 1970, pp. 325-365, esp.
pp. 341-344. On the different accentuations of the temporal dimensions with Bergson and
Heidegger see Cassirer, 1957, pp. 162-190, esp. pp. 184-190. A corresponding comparison
between Husserl and Heidegger was also provided by Theunissen, 1991, pp. 339-355.
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snares of language, tradition and science. Whereas the quantifying objectification with regard
to ‘material objects’ (Bergson, 1910, p. 85), given to us by the spatially ordered sensations of
the outer sense, is expedient, quantification with regard to ‘states of consciousness’ (Bergson,
1910, p. 87) seems inappropriate to him. These present themselves to primordial intuition far
more as purely temporal and ‘essentially heterogeneous’ (Bergson, 1910, p. 120) – that is
organically structured and irreducibly qualitative – structures. But, as Bergson continues, in
both our everyday self-interpretation and in science we nonetheless have to contend with a
constant tendency to spatialize the pure duration which distinguishes our ‘deeper self’
(Bergson, 1910, p. 125): ‘Now, let us notice that when we speak of time, we generally think
of a homogeneous medium in which our conscious states are ranged alongside one another as
in space, so as to form a discrete multiplicity’ (Bergson, 1910, p. 90).

To counteract this tendency Bergson considers everyday and ‘so to speak materialized’
(Bergson, 1910, p. 127) time, in which we project the facts of consciousness in analogy with
spatial things as being finished, clearly delineable, homogeneous entities, and contrasts this
with ‘duration as quality’ (Bergson, 1910, p. 127), in which the constitution of these facts
themselves first occurs. In the linear time sequence found in everyday perception we basically
do not, according to Bergson, really experience time as time, that is, as ‘true duration’ and
‘pure succession’. In the objectifying apprehension of time of everyday experience the
succession assumes far more ‘the form of a continuous line or a chain’ (Bergson, 1910, p.
101). In the imagery of the line we experience a multiplicity of distinct entities as being lined
up alongside one another in a simultaneously surveyable order (Bergson, 1910, p. 101f.). ‘But
how can they fail to notice’, Bergson continues, ‘that, in order to perceive a line as a line, it is
necessary to take up a position outside it, to take account of the void which surrounds it, and
consequently to think of space as three dimensions’ (Bergson, 1910, p. 103).

What we describe as ‘time’ in an everyday sense proves to be a spatial construct in Bergson’s
analysis. Bergson’s core proposition is that time is space. With this he attempts to expose not
only the classical tradition of occidental philosophy of time, but also the modern tradition
going back to Kant (Bergson, 1910, pp. 98ff., 232ff.). In contrast to the conventional so-called
– that is ‘materialized’ – time, space proves itself to be the more original notion (Bergson,
12

Bergson altered the original French title, Sur les donées immédiates de la conscience, in the
English and German translations to Time and Free Will (1911) and Zeit und Freiheit (1911)
respectively.
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1910, p. 98). This, of course, is not Bergson’s last word. The very point of his philosophy of
time consists of bringing out that space for its part presupposes time as true duration: ‘When
we explicitly count units by stringing them along a spatial line, it is not the case that,
alongside this addition of identical terms standing out from a homogeneous background, an
organization of these units is going on in the depths of the soul, a wholly dynamic process (...)
without this interpretation and this, so to speak, qualitative process, no addition would be
possible. Hence it is through the quality of quantity that we form the idea of quantity without
quality’ (Bergson, 1910, p. 123).

According to Bergson the dimension of the ‘present’ (Bergson, 1910, p. 227), experience of
‘simultaneity’ (Bergson, 1910, p. 227), which first makes possible the implicitly threedimensional structure of the spatial time line, is an interlaced fabric of recalled pasts. Bergson
evokes the idea of this organic fabric, through which the present is constituted out of the past,
in many metaphors in Time and Free Will. Yet a detailed analysis does not follow with
Bergson. Even the idea that past is that dimension in which true duration is centred,13 an idea
basic to his whole theory of time, is expressed only implicitly in Time and Free Will. By
contrast, Bergson’s prioritization of past is explicitly highlighted in the text Matter and
Memory that appeared seven years later. Here we read: ‘If, on the other hand, what you are
considering is the concrete present such as it is actually lived by consciousness, we may say
that this present consists, in large measure, in the immediate past. (...) Your perception,
however instantaneous, consists then in an incalculable multitude of remembered elements; in
truth every perception is already memory. Practically, we perceive only the past, the pure
present being the invisible progress of the past gnawing into the future’ (Bergson, 1988, p.
150).

The immediate past, which permanently presses forward beyond the present into the future
and hence absorbs and encroaches on both of these, is identified by Bergson in Matter and
Memory with the voluntaristic practical and peculiaristic dynamics of the biological life
process. All in all the orientation according to ‘the practical end of all our actual psychical
states’ (Bergson, 1988, p. 240) attains a positive significance not present in the early work. At
the same time, however, in Matter and Memory too Bergson sticks to the contemplative
theoretical model of true duration which he had outlined in Time and Free Will (cf. Pflug,
13

On this see Cassirer’s account, in which he brings out the way in which Bergson asserts the
past at the cost of the future: Cassirer, 1957, pp. 186f.
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1959, pp. 137-197, esp. 162-176; Giroux, 1971, pp. 43-56; Flasch, 1993, pp. 35f; Oger, 1991,
pp. xxxiv-xxxvii). This can be clearly shown with his famous theory of ‘the two forms of
memory’ (Bergson, 1988, pp. 79-90), which can be read as a theoretical explication of
Proust’s Remembrance of Things Past (Proust, 1960). According to Bergson’s theory of
memory the past divides into two different forms where, although ‘In normal life they are
interpenetrating’ (Bergson, 1988, p. 155), simultaneously ‘each has to abandon some part of
its original purity’ (Bergson, 1988, p. 155). It is this original purity which Bergson insists on
pointedly within the framework of his theory of memory.

Bergson considers as an example the difference between automated, actual presence of the
past, expressed in being able to recite a poem from memory, and, in contrast to this, the more
virtual and passive recollection of the singular, exactly dateable, phases of the process of
learning by heart. Using this example Bergson explains the difference between ‘true memory’
(Bergson, 1988, p. 151), which is ‘entirely spontaneous’ (Bergson, 1988, p. 88) and
cognitively ‘imagines’ (Bergson, 1988, p. 82), and the memory based on motoric habit, which
‘voluntarily’ (Bergson, 1988, p. 83) ‘repeats’ (Bergson, 1988, p. 82; cf. pp. 79-90) in action.
Only the first memory, separated, as Bergson himself guarantees, by ‘a difference in kind’
(Bergson, 1988, p. 80) from the second, permits descent into the pure sphere of memory. In
this we recognize and experience ‘truly moving in the past’ (Bergson, 1988, p. 151) or, as
Bergson also puts it, ‘survival of the past per se’ (Bergson, 1988, p. 149).

In this sense Bergson highlights at the same time: ‘there is much more between past and
present than a mere difference of degree. My present is that which interests me, which lives
for me, and in a word, that which summons me to action; in contrast, my past is essentially
powerless’ (Bergson, 1988, p. 137). The pure past ‘is pure from all admixture of sensation, is
without attachment to the present, and is, consequently, unextended’ (Bergson, 1988, p.
140f.); it is hence distinguished by its ‘radical powerlessness’ (Bergson, 1988, p. 141) as the
object of pure contemplation, ‘regardless of utility or of practical application’ (Bergson, 1988,
p. 81). Against this background the same problems result for the analysis of ‘true memory’
(Bergson, 1988, p. 151) as outlined by Matter and Memory that Bergson had highlighted in
individual self-critical reflections for the doctrine of ‘true duration’ in Time and Free Will.

Whereas ‘time as quantity’ (Bergson, 1910, p. 129) is the object of the natural sciences
(Bergson, 1910, p. 88ff.), but also that of traditional philosophy (Bergson, 1910, pp. 113,
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232ff.) as well as of a ‘superficial psychology’ (Bergson, 1910, p. 139) informed by its basic
concepts, the examination of ‘time as quality’ (Bergson, 1910, p. 129) – as Bergson selfcritically notes in Time and Free Will – has nearly insurmountable difficulties to combat in
attempting to establish itself scientifically. The ‘delicate and fugitive impressions of our
individual consciousness’ (Bergson, 1910, p. 132), in which ‘pure duration’ (Bergson, 1910,
p. 77 and passim) or ‘pure memory’ (Bergson, 1988, p. 137 and passim) articulate themselves,
would, in order to be able to enter into competition with the established sciences, have to
‘struggle on equal terms’ (Bergson, 1910, p. 132), which means they would have to ‘express
themselves in precise words’ (Bergson, 1910, p. 132). This, however, as Bergson selfcritically counters, necessarily leads to a performative contradiction: ‘these words, as soon as
they were formed, would turn against the sensation which gave birth to them, and, invented to
show that the sensation is unstable, they would impose on it their own stability’ (Bergson,
1910, p. 132).

This, the crux of his own project, which endures from the early study of time through the late
work, is made clear by Bergson in Time and Free Will using the following example: ‘Thus I
said that several conscious states are organized into a whole, permeate one another (...); thus,
by the very language which I was compelled to use, I betrayed the deeply ingrained habit of
setting out time in space. From this spatial setting out, already accomplished, we are
compelled to borrow the terms which we use to describe the state of mind which has not yet
accomplished it: these terms are thus misleading from the very beginning’ (Bergson, 1910, pp.
122f.).

Two things are contained in Bergson’s self-critical stance. On the one hand, there is the
expression of his intellectual honestly which preserves a certain reserve and scepticism also,
and particularly, towards his own designs. This aspect of Bergson’s thinking, which links it
with both the critical impetus of Kantian philosophy and Nietzsche’s experimental style of
thought, was poignantly accentuated and spelt out in detail by Gilles Deleuze in his
deconstructionist study of Bergson (Deleuze, 1988). On the other hand, at the same time a
kind of unteachable mysticism comes to light in this Bergsonian stance. In spite of the hitches
which his thinking drifts into time and time again, and in spite of the intertwinements between
space and time which he himself scrupulously reveals using the concept ‘endosmosis’
(Bergson, 1910, pp. 109, 112, 228) adopted from physics, Bergson sticks to his puritan and
basically prospectless programme of ‘ridding’ (Bergson, 1910, p. 224) our apprehension of
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time of the ‘obsession of the idea of space’ (Bergson, 1910, p. 224). This programme, which
presupposes our having an authentic and indubitably certain access – one bared of all
linguistic disguises and everyday objectifications – to the true, that is, eternal and unchanging,
essence of time, remained unquestioned by Bergson right through to his late work. It is
indicative of the ontological universalism which underlies the core of Bergson’s theory of
time and comprises the philosophical truth of his romantic invocation of an authentic
individuality of pure duration.

c) Husserl’s Phenomenology of the Consciousness of Internal Time
Husserl’s time-philosophical undertaking leads to aporias similar to those which Bergson selfcritically identified in his own intellectual approach. This undertaking is documented in the
form which was to become most influential in his Lectures on the Phenomenology of the
Consciousness of Internal Time (‘Lectures’ in the following), held by Husserl in 1905. These
Lectures were published by Heidegger a year after the appearance of Being and Time –
although ‘certainly not out of friendship alone’ (Theunissen, 1991, p. 340) – in the edition
prepared by Edith Stein. Heidegger obviously made little effort in preparing the lecture
manuscript, edited by Edith Stein, and Husserl’s notebooks. With this editorially highly
problematic publication he had a keen interest in documenting the superiority of his analysis
of temporality over the Husserlian theory of time and it only very vaguely follows the original
manuscript of Husserl’s lectures. Detailed critiques of the editing of the Lectures have been
provided by Rudolf Boehm (Boehm, 1966, esp. pp. xxxviiif.) and Rudolf Bernet (Bernet,
1985, esp. pp. lxixf.).14

Husserl’s starting point is similar to that of Bergson. Renouncing contemporary associationist
psychological theories of time (Wundt, Herbart etc.) and critically taking issue with his
immediate predecessors (Brentano, Stern) he too initially returns to inner consciousness as the
‘Suspension of Objective Time’ (Husserl, 1991, p. 4). Husserl writes: ‘Now when we speak of
the analysis of time-consciousness (...) it may indeed seem as if we were already assuming the
flow of objective time and then at bottom studying only the subjective conditions of the
possibility of an intuition of time and of a proper cognition of time. What we except,
however, is not the existence of a world time, the existence of physical duration, and the like,
but appearing time, appearing duration, as appearing. These are absolute data that it would be
14

For an account in English of the background of the published text of the Lectures see
Brough (1991), pp. xi-xviii.
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meaningless to doubt’ (Husserl, 1991, p. 5). In this the Cartesian starting point of the analysis
is characterized: the basic presupposition that the constitution of inner time consciousness can
be explicated with indubitable clearness through phenomenological introspection.

What then proceeds to reveal itself to Husserl’s analysis on this basis is ‘the ‘original
temporal field’’ (Husserl, 1991, p. 6) as ‘the phenomenological datum through whose
empirical apperception the relation to objective time becomes constituted ’ (Husserl, 1991, p.
7). This original temporal field has its ‘source-point’ (Husserl, 1991, p. 30) in a ‘primal
impression’ (Husserl, 1991, p. 371), that is, in the original perception with which ‘the
immanent begins to exist’ (Husserl, 1991, p. 29f.). This ‘absolutely unmodified’ (Husserl,
1991, p. 70) thing, which becomes the starting point for the complex fabric of retentions and
protentions that Husserl proceeds to unfurl, at the same time characterizes the blind spot, as it
were the Parmenidean starting point, of Husserl’s entire theory. This theory can be read as the
attempt to use the technical tools of phenomenology to grasp in a conceptually precise
manner the duration which Bergson had metaphorically described as ‘a mutual penetration, an
interconnexion and organization of elements’ (Bergson, 1910, p. 101).

The temporal structure which Bergson circumscribes in ever new approaches as
‘interpenetration’ (Bergson, 1910, p. 123), as ‘qualitative progress’ (Bergson, 1910, p. 123) or
as ‘several conscious states (...) organized into a whole’ (Bergson, 1910, p. 122) is grasped by
Husserl in his famous time diagram (Husserl, 1991, p. 29) as the ‘double continuity of
running-off modes’ (Husserl, 1991, p. 30). Running-off modes or running-off phenomena are
those ‘phenomena that constitute immanent temporal objects’ (Husserl, 1991, p. 29), that is,
appearances which are themselves constitutive for appearances: ‘We know that the runningoff phenomenon is a continuity of constant changes. This continuity forms an inseparable
unity, inseparable into extended sections that could exist by themselves and inseparable into
phases that could exist by themselves, into points of the continuity’ (Husserl, 1991, p. 29). At
the same time, however, in §13 of the Lectures as well as in appendix IX (Husserl, 1991, p.
34ff., 122ff.), Husserl insists that the original temporal field springs from an original
perception, an original now, which is to be distinguished strictly from the ‘comet’s tail of
retentions’ (Husserl, 1991, p. 32) that follow it. This presupposes, however, that the primal
impression thus distinguished is a phase somehow delineable from the continuum. Yet how is
this to be possible if the ‘running-off phenomenon’ (Husserl, 1991, p. 29) as a whole is
simultaneously to constitute ‘an inseparable unity’ (Husserl, 1991, p. 29)?
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The answers given by Husserl in the Lectures to this pressing question are either circular or
speculative in a bad sense. The circular answer reads: ‘But since primal consciousness and
retentions are there, the possibility exists, in reflection, of looking at the constituted
experience and at the constituting phases, and even of grasping the distinction that obtains,
for example, between the original flow as it was intended in the primal consciousness and its
retentional modification’ (Husserl, 1991, p. 123f.). The following attempted justification is no
longer phenomenologically demonstrable, but now merely speculative, and amounts to being
a straightforwardly dogmatic imposition: ‘The primal impression is the absolute beginning of
this production, the primal source, that from which everything else is continuously produced.
But it itself is not produced; it does not arise as something produced but through genesis
spontanea; it is primal generation’ (Husserl, 1991, p. 106).
The insight first formulated by Bergson in Matter and Memory, but then undermined by the
ontologization of the past, that ‘our consciousness of the present is already memory’
(Bergson, 1988, p. 151) is on the one hand assumed by Husserl’s analysis and is demonstrated
in detail in terms of content; yet on the other hand it is explicitly negated and dismissed.
Bergson’s ontologization of the past corresponds to Husserl’s own ontologization of the
present. This becomes particularly clear in the following quote, in which Husserl confronts
himself with the question of the status of the primal impression: ‘We can now pose the
question: What about the beginning-phase of an experience that is in the process of becoming
constituted? Does it also come to be given only on the basis of retention, and would it be
“unconscious” if no retention were to follow it? We must say in response to this question: The
beginning-phase can become an object only after it has elapsed in the indicated way, by
means of retention and reflection (or reproduction). But if it were intended only by retention,
then what confers on it the label “now” would remain incomprehensible’ (Husserl, 1991, p.
123). In the Lectures, as edited by Edith Stein and published by Heidegger, Husserl adheres to
the last to the transcendental ontological availability of a present which is ‘by all means
characterized in consciousness in quite positive fashion’ (Husserl, 1991, p. 123): ‘Just as the
retentional phase is conscious of the preceding phase (...), so too the primal datum is already
intended – specifically, in the original form of the “now” – without its being something
objective. It is precisely this primal consciousness that passes over into retentional
modification (...). If the primal consciousness were not on hand, no retention would even be
conceivable’ (Husserl, 1991, p. 123).
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Husserl’s fixation on the primal givenness of an original perceptive presence also underlies
his sharp contrasting of primary and secondary memory. Whereas primary memory
(retention) goes back to an original presence, secondary memory (reproduction) refers to a
non-perception, a non-presence. Retention and reproduction thus stand in opposition to one
another as aspects of two acts which are to be radically distinguished. Whereas retention is
bound within the original act of ‘presentation’ (Gegenwärtigung; Husserl, 1991, p. 40 and
passim), reproduction is bound up within the derivative act of ‘re-presentation’
(Vergegenwärtigung; Husserl, 1991, p. 42 and passim). With this dislocational strategy
Husserl seeks to exteriorize the internal contradiction which pervades ‘the whole play of
primal consciousness and retentions’ (Husserl, 1991, p. 123; cf. Derrida, 1993, p. 74).

At the same time he disguises in this way an obvious and plausible alternative to his own
approach, one first taken up in the period following by Heidegger, and then extended by
Sartre (Sartre, 1956, pp. 107-170; cf. Theunissen, 1991, pp. 131-193) and Merleau-Ponty
(Merleau-Ponty, 1962, pp. 410-433; cf. Pieper, 1993). Sartre’s criticism of Husserl, found in
Being and Nothingness (1943), is relevant in this context. Sartre compares Husserl’s
‘protentions’ with flies that ‘batter in vain on the window-panes of the present without
shattering them’ (Sartre, 1956, p. 109, cf. also p. 100). The alternative developed by
Heidegger, Sartre and Merleau-Ponty consists of no longer understanding the internal
extension of the original temporal field in terms of the presence of a primal impression which,
for itself, is given, and which itself is bound within a linear time sequence constructed
according to the model of bracketed world time. Instead, the sequence of in themselves closed
windows of present, which Husserl statically lines up alongside one another in his time
diagram, is resolved by Heidegger, Sartre and Merleau-Ponty into a dynamic referential fabric
of temporal dimensions.

This decisive step, first carried out by Heidegger, is the point of transition from a time theory
adhering to the ontological universality of time as pure presence to a conception of time
which consistently pushes the temporalization of time beyond the limits of presentism. Within
these limits Husserl’s theory of time might indeed be considered as being that which pushed
the temporalization of the present the furthest among classical theories of time. Yet at the
same time this means that the reflexive temporalization of time that takes shape with Husserl
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is to be understood as the temporalization of a present whose ontological universality he
preserves in all its might at the foundational level of his examination.
This becomes particularly clear once again in the closing section of the Lectures. Husserl
defends himself there against a further reaching temporalization of time, one which would
radically question the foundations of the presentistic understanding of time, which deploys his
model of the ‘self-appearance’ (Husserl, 1991, p. 88) of original time flow. The dogmatic
imposition of an ‘absolute subjectivity’ (Husserl, 1991, p. 79) and its no longer
phenomenologically demonstrable self-givenness was to ensure that ‘we can no longer speak
of a time that belongs to the ultimate constituting consciousness ’ (Husserl, 1991, p. 83).

An analogous strategy for avoiding the infinite regress which threatens in the conditions of
time-theoretical presentism can be found with Bergson. Bergson writes ‘If consciousness is
aware of anything more than positions, the reason is that it keeps the successive positions in
mind and synthesizes them. But how does it carry out a synthesis of this kind? It cannot be by
a fresh setting out of these positions in a homogeneous medium, for a fresh synthesis would
be necessary to connect the positions with one another, and so on indefinitely. We are thus
compelled to admit that we have here to do with a synthesis which is, so to speak, qualitative,
a gradual organization of our successive sensations, a unity resembling that of a phrase in a
melody’ (Bergson, 1910, p. 111). Not unlike Husserl, Bergson also equates this unity in the
closing section of his examination with the, in itself closed, unity of a subjectivity that is
utterly transparent to itself. Explicitly distancing himself from the Kantian doctrine of the
phenomenal character of knowledge of our selves, Bergson writes: ‘For if perchance the
moments of real duration, perceived by an attentive consciousness, permeated on one another
instead of lying side by side (...), then the self grasped by consciousness would be a free
cause, we should have absolute knowledge of ourselves’ (Bergson, 1910, p. 235).

In summary, with regard to Husserl and Bergson it is to be highlighted that both presuppose
something – be it immanent time of inner time consciousness (Husserl) or true duration of our
deeper self (Bergson) – as the object of contemplation in a distinguished theoretical sense.
This contemplation of essences is understood according to the model of Cartesian
introspection, so that the evident nature of an ineluctable fact is to present itself within the
midst of subjectivity: a supposedly genuinely philosophical evidence, which might be
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questioned by no empirical science, by no contingent change that might occur in the history
of humanity, its institutions and habits.

This claim necessarily leads to the margins of language and to the limits of its possibilities of
expression. This becomes clear not only, as already shown, with Bergson, but also comes to
bear with Husserl. Thus in the almost resigned §39 of Husserl’s Lectures – already drawn
upon above – bearing the title ‘The Time-constituting Flow as Absolute Subjectivity’ we
read: ‘We can say nothing other than the following: This flow is something we speak of in
conformity with what is constituted, but it is not “something in objective time.” It is absolute
subjectivity and has the absolute properties of something to be designated metaphorically as
‘“low”; of something that originates in a point of actuality, in a primal source-point, “the
now,” and so on. In the actuality-experience we have the primal source-point and a continuity
of moments of reverberation. For all of this we lack names’ (Husserl, 1991, p. 79).

If one bears in mind that it is exactly this question of the connection between temporality and
subjectivity that stands in the centre of Being and Time, then ultimately it becomes clear once
again that Heidegger was able to present Husserl’s lectures on time, which Heidegger edited a
year after the appearance of Being and Time, as being an excellent illustration of the necessity
and the strength of his own undertaking.

3) The Reflexive Temporalization of Time
in Heidegger’s Analysis of Temporality
Heidegger unfurled his analysis of temporality in the second division of the first part of Being
and Time (1927). It is helpful to distinguish between two things with regard to Heidegger’s
early, still fragmentary, master work: the complete undertaking of a fundamental ontology,
which was suggested, but not realized; and the analysis of Dasein, which was actually carried
out. I would like first to develop this distinction, which underlies the following interpretation,
in order then to determine the systematic position of the time problem within Being and Time
on the basis of this and to outline a pragmatic interpretation of Heidegger’s analysis of
temporality.

a) Fundamental Ontology and the Analysis of Dasein:
the Pragmatic Approach to its Interpretation
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Heidegger’s fundamental ontological starting point is the ‘crisis in [...] “foundations”’
(Heidegger, 1993, p. 29) of modern science diagnosed in the introduction to Being and Time.
Heidegger takes this as providing occasion to drive the undertaking of philosophically ‘laying
the foundations for the sciences’ (Heidegger, 1993, p. 30), that going back to Plato and
Aristotle and transcendental philosophically radicalized by Kant, towards a further –
supposedly ultimate and decisive – foundational step. The by no means self-evident
assumption linking this project with ancient ontology and modern transcendental philosophy
is formulated by Heidegger as follows: ‘Such research must run ahead of the positive
sciences, and it can’ (Heidegger, 1993, p. 30).

Philosophy is understood here – more radically still than with the early Wittgenstein or in
logical empiricism – as being the distinguished science which as ‘productive logic (...) leaps
ahead, as it were, into some area of Being, discloses it for the first time in the constitution of
its Being, and, after thus arriving at the structures within it, makes these available to the
positive sciences as transparent assignments for their inquiry’ (Heidegger, 1993, p. 30f.). This
programme of foundation, Heidegger continues, has always been the task of ‘ontology taken
in the widest sense’ (Heidegger, 1993, p. 31), and is questioned by modern science’s
foundational crisis only with respect to its radicality, but not with respect to its fundamental
necessity: ‘Ontological inquiry is indeed more primordial, as over the ontical inquiry of the
positive sciences. But it remains itself naïve and opaque if in its researches into the Being of
entities it fails to discuss the meaning of Being in general’ (Heidegger, 1993, p. 31). Hence, as
Heidegger concludes, fundamental ontology is required as the genuinely philosophical
attempt to reveal the conditions ‘for the possibility of those ontologies themselves which are
prior to the ontical sciences and which provide their foundations’ (Heidegger, 1993, p. 31).

This claim must appear anachronistic in view of the factual situation of the individual
empirical sciences, which in the 19th and 20th century had become ever more differentiated,
respectively developing their own methods of demonstration, traditions and institutions. This
has been demonstrated by Herbert Schnädelbach in his book Philosophy in Germany 18311933 (Schnädelbach, 1983) by looking at the ‘structural change’ (Schnädelbach, 1983, p. 94)
and the ‘energization of science’ (Schnädelbach, 1983, p. 106) which occurred in the 19th and
early 20th centuries. In his study he brings out the way in which the classical philosophical
concept of science, centring on generality, necessity and truth, was replaced in this period by
a new scientific practice. Within the framework of this new scientific practice, one, however,
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not sufficiently reflected on at the philosophy of science level, it is ‘the rules of procedure
acknowledged by physicists themselves which now define the scientific character of the
sciences’ (Schnädelbach, 1983, p. 109). Amidst the spectrum of reactions to the ‘identity
crisis of philosophy’ (Schnädelbach, 1983, p. 119) triggered by this, Heidegger’s fundamental
ontology appears to Schnädelbach to be an attempted ‘rehabilitation of philosophy as
metaphysics’ (Schnädelbach, 1983, p. 137). An attempt, Schnädelbach continues,
understanding itself as a ‘counter-attack against the occupation of reality by the empirical
sciences’ (Schnädelbach, 1983, p. 233).

Indeed there are passages with Heidegger in which he lays himself open to this accusation.
For example, at the end of his lectures on The Basic Problems of Phenomenology, held in
Marburg in the 1927 Summer Semester, he writes: ‘We confront the task (...) of inquiring
even beyond being as to that upon which being itself, as being, is projected. This seems to be
a curious enterprise, to inquire beyond being; perhaps it has arisen from the fatal
embarrassment that the problems have emanated from philosophy; it is apparently merely the
despairing attempt of philosophy to assert itself as over against the so-called facts’
(Heidegger, 1982, p. 282). This attempt expresses a continuation of the Cartesian insistence
on philosophical justification, methodical certainty and science’s ontological universality.
However, the route in fact taken by Heidegger in the first division of Being and Time in order
to reveal the ‘ontico-ontological condition for the possibility of any ontologies’ (Heidegger,
1993, p. 34) simultaneously points in another direction. With this I come to the hermeneutic
difference existing between the original complete outline of a theoretical fundamental
ontology and the factual realization of the pragmatic analysis of Dasein.
When in the introduction to Being and Time Heidegger distinguishes human Dasein as the
‘primary example to be interrogated in the question of Being’ (Heidegger, 1993, p. 28) and
hence as the methodological outset of fundamental ontology, it looks to begin with like a
simple reprise of the transcendental philosophical turn which Kant had given to traditional
ontology. Yet already the first, still completely formal, definition that Heidegger provides of
what he calls ‘Dasein’ (Heidegger, 1993, p. 26 and passim) – what in the tradition traded
under the name ‘subject’ or ‘consciousness’15 – shows that he understands the theme of
‘Dasein’ as being something more and something other than transcendental subjectivity.
Heidegger writes: ‘Dasein (...) is ontologically distinguished by the fact that, in its very
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Being, that Being is an issue for it’ (Heidegger, 1993, p. 32). In this definition lies a threefold
demarcation from the tradition of philosophical theory.

The first demarcation, directed immediately against Kant, consists in that Heidegger
understands the structure of behaviour towards oneself, which Kant apprehends as a reflexive
structure of self-consciousness, as being not simply a relation in which Dasein stands to itself,
but one in which it is concerned with its Being. By italicizing ‘issue’ (Heidegger, 1993, p. 32)
Heidegger makes clear where the difference lies. Dasein stands in relation to itself not as to a
finished available object, that is one which is ‘present-at-hand’; rather, in its behaviour
towards itself, it is an issue for itself as an entity (Seiendes) that is essentially open to the
future and which respectively projects its own possibilities: ‘That kind of Being towards
which Dasein can comport itself in one way or another, and always does comport itself
somehow, we call existence’ (Heidegger, 1993, p. 32). This means that Dasein refers to itself
not in an abstract theoretical manner through a merely cognitive relation as something
objectively present-at-hand, but in a concrete practical manner as its own future Being, that is,
as the individual existence which is to be respectively carried out and pragmatically shaped.

The second demarcation builds directly on this. Its point is directed – as Tugendhat has shown
in the Heidegger passages of his lectures Self-Consciousness and Self-Determination –
against Aristotle, who in his Nicomachean Ethics had himself already put ‘nontheoretical,
practical relation to one’s own being’ (Tugendhat, 1986, p. 158) in the foreground.
Heidegger’s demarcation from Aristotle consists of his highlighting that Dasein is concerned
with its Being in its Being. Dasein’s practical relationship to Being is not an active striving,
which it can either engage in or not, rather it is a passive occurrence, into which Dasein is
thrown and is forced to engage in. In this sense Heidegger highlights that Dasein ‘in each case
(...) has its Being to be, and has it as its own’ (Heidegger, 1993, p. 32f.). And Tugendhat, who
has pointedly brought out ‘that man has his being to be’ (Tugendhat, 1986, p. 158), explains:
‘I face a range of decisions as to which way I want to carry out my being, but the fact that I
have to carry it out is given to me’ (Tugendhat, 1986, p. 158f.).

The third demarcation from tradition has likewise been highlighted by Tugendhat. It consists
of the fact that Heidegger ‘attempts for the first time to extract ontological capital from this
phenomenon’ (Tugendhat, 1986, p. 159). For, whereas Aristotle and the tradition drew no
15

For criticism of Heidegger’s terminology see Tugendhat, 1986, p. 152.
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consequences for ontology from the possibility of practical reference to Being, Heidegger,
Tugendhat continues, attempted to show that the ‘Being’ which is to be engaged in has a
sense quite different to that of ‘Being’ as presentness-at-hand which is to be observed.
According to Heidegger’s entire conception, the inner intersection between analysis of Dasein
and fundamental ontology lies in this third point of demarcation.

Tugendhat himself highlights this intersection by distinguishing in his interpretation between
a strong and a weaker Heideggerian thesis: ‘I mean by the weaker thesis the contention that
the meaning of being differs in accordance with whether it is taken theoretically, as something
that is asserted, or practically in the previously specified sense, as something to be carried out.
The stronger thesis is that being in the sense of presence-at-hand is not only not the only
sense of being, but also a sense of being that is derivative in contrast to that of the to-be’
(Tugendhat, 1986, p. 160). For Tugendhat the weaker thesis proves to be the theoretically
more fruitful insight of the analysis of Dasein, which can be made plausible by means of
linguistic analysis. The strong thesis, however, which ‘cannot be grasped in language’
(Tugendhat, 1986, p. 166) insofar as it presupposes the distinction between ‘readiness-tohand’ (Zuhandenheit) and ‘presentness-at-hand’ (Vorhandenheit; cf. Heidegger, 1993, §§1518, p. 95-122), is rejected by Tugendhat as being ‘speculative in the sense that one cannot
specify which criteria are to be relevant in evaluating its correctness’ (Tugendhat, 1986, p.
166).

The productive point of the analysis of Dasein – as is demonstrated by the three demarcation
points developed here – lies in Heidegger’s uncovering of the genuinely practical sense of
human Dasein’s Being. This uncovering takes place, firstly, in the temporalization of
behaviour towards oneself as a relation toward one’s own to-be, that is, to one’s own
respective future. It takes place, secondly, as the negation of behaviour towards oneself as
being a relation which the human subject engages in not of its own account, but into which it
is thrust. And it takes place, thirdly, as the ontologization of behaviour towards oneself as a
relation which, in its temporality and negativity, attains an independent character of Being to
be distinguished from that of the non-Dasein-like entity encountered in our everyday dealings
with the world as readiness-to-hand or presentness-at-hand. This last and decisive step made
by Heidegger’s analysis of Dasein contains both the foundation for Heidegger’s analysis of
temporality and the transition to the theoretically directed programme of fundamental
ontology.
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However, the distinction introduced by Tugendhat between a weak and strong Heideggerian
thesis ought to be extended with a further decisive point. On top of the strong thesis in
Tugendhat’s sense comes a still stronger thesis of Heidegger’s. It consists of the assumption –
obtained with the guidance of the analysis of human Dasein – that not only is the practical
sense of Being the more fundamental as opposed to the theoretical sense of Being, but also,
because of its fundamentality, that it can be transferred to the entire world of non-Dasein-like
entities. It is this stronger thesis which effects the actual lapse from Daseins-analytical
pragmatism to fundamental-ontological theoreticism. Although this thesis was prepared for by
the foundational thesis the two do not coincide.

Heidegger’s strong thesis (in Tugendhat’s sense) is to be defended against Tugendhat. For the
pragmatic point of Heidegger’s existential conception of science lies precisely in the thesis
that the theoretical sense of Being is founded in the practical sense of Being. This is a point
which the analytic philosopher Tugendhat cannot go along with, because he himself adheres
to the theoretical project of a ‘formal science, which, in the shape of a formal semantics,
underlies all sciences’ (Tugendhat, 1982, p. 31).16 The analytic philosophical argument he
adduces against Heidegger’s thesis that the theoretical scientific sense of Being is founded in
the technical practical sense of Being is itself an argument which presupposes for its part that
the formal semantic structure of our language be considered an a priori reference and the
distinguished foundational ground of science. The very idea, however, that there be such a
final theoretical reference is questioned by Heidegger’s stronger thesis. Hence, Tugendhat’s
argument cannot be considered proof of the untenability of Heidegger’s thesis, for it does not
entertain this thesis at all first, but instead presupposes its untenability through the recourse to
analytic linguistic reference.

The stronger thesis of Heidegger’s, which must be designated as speculative not only from the
perspective of analytic philosophy, but also from the viewpoint of a theory of science founded
on Dasein analysis, was first dealt with by Tugendhat in a later essay. There he decouples the
‘primordiality thesis’ (Tugendhat, 1992a, p. 131), that is, the assumption – which in Selfconsciousness and Self-determination was called the strong thesis – of the pragmatic
16

For pragmatist critique of analytic philosophy’s use of different means to continue the
transcendental philosophical tradition see Rorty, 1979, pp. 257-312; Rorty, 1989, pp. 3-22;
and Rorty, 1991, pp. 50-65.

91

foundedness of the theoretical sense of Being, from consideration of the ‘thesis planned for
the third division [of Being and Time]’ (Tugendhat, 1992a, p. 131), according to which
Dasein’s practical sense of Being can also be transferred to non-Dasein-like entities and
hence promoted to being the absolute sense of Being.

However, in this case too, in which his criticism is justified, Tugendhat’s argument cannot
convince. It reads: ‘The transfer of a structure which in essence is consciousness- or Daseinlike to anything else – and even to Being – makes no sense’ (Tugendhat, 1992a, p. 132). Here
too Tugendhat’s argument presupposes a prior analytic philosophical criterion of
meaningfulness which seems to permit judgement of Heidegger’s thesis by way of a process
of theoretical examination. Against this it is to be objected from the perspective of a
pragmatically founded understanding of theory that the sense of such a transfer cannot be
judged a priori, but can be demonstrated only in practical corroboration and in being spelt out
in concrete terms of particular sciences. Admittedly, it is just this that Heidegger neglects to
do by preferring a purely theoretical attempt at justification, one which for its part thinks itself
capable of using a fundamental ontological interpretation of the problem of temporality to
attain to an a priori foundation of the practical sense of Being as the sense of Being
altogether.

The following pragmatic reading of Heidegger’s analysis of temporality interprets the second
division of Being and Time, which bears the title ‘Dasein and Temporality’, from the context
of the factually realized work. This means that it comprehends the analysis of temporality in
terms of the basic pragmatic trait of the ‘prepatory fundamental analysis of Dasein’
(Heidegger, 1993, p. 65ff.) carried out by Heidegger in the first division of Being and Time.
The interpretation hence abstracts as far as possible from the overall fundamental ontological
perspective, which although outlined by Heidegger in the introduction, was itself in fact never
realized. The framework of Being and Time’s fundamental ontological project will be drawn
upon only insofar as it directly inscribed itself within the analysis of temporality.

The foundations of a pragmatic Heidegger interpretation have been laid by Robert Brandom
(Brandom, 1983), Richard Rorty (Rorty, 1984, 1991) and Mark Okrent (Okrent, 1988) in the
USA, as well as by Ernst Tugendhat (Tugendhat, 1970, 1979, 1992a, 1992b), Karl-Otto Apel
(Apel, 1973, vol. 1, pp. 225-334; Apel, 1991) and Carl Friedrich Gethmann (Gethmann, 1974,
1993) in Germany. In their interpretations the named authors have concentrated on the first
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division of Being and Time and have more or less excluded the analysis of temporality
developed by Heidegger in the second division of Being and Time. The interpretative
reticence of the pragmatic Heidegger interpreters with regard to the analysis of temporality
results from the position assumed by the analysis of temporality within the systematic
architectonics of Being and Time. In the architectonics of Being and Time the analysis of
temporality establishes the transition from the analysis of Dasein to the overall project of a
fundamental ontology, comprehending Being and Dasein, which Heidegger no longer
realized. For this reason, the attempt to pave the way for a pragmatic reading of Heidegger’s
analysis of temporality requires further methodical preparation. The position of the problem
of time within the complete fundamental ontological project, outlined by Heidegger in the
introduction to Being and Time, must be explained. In doing this the aim is simultaneously to
take a more detailed look at the overall conception of Being and Time, which reaches beyond
the work as realized, to help in demarcation.

b) On the Systematic Position of the Problem of Time
within the Architectonics of Being and Time
The title ‘Being and Time’ already provides a double clue as to the position assumed by the
problem of time in Being and Time. First of all, by adopting the time concept in the title of the
book Heidegger is pointing out that the problem of time is of central importance to his entire
project. Secondly, the order in which ‘Being’ and ‘time’ appear indicates that the question
regarding time is afforded second place to the question of Being. The original overall
conception of Being and Time is developed by Heidegger in his introduction under the title
‘Exposition of the Question of the Meaning of Being’ (Heidegger, 1993, p. 22). It is preceded
by a quote from Plato’s Sophist which Heidegger makes the starting point in highlighting the
basic intention and the provisional aim of Being and Time. Heidegger’s first sentence in Being
and Time, in which he comments on the Plato quote, unfurls the ‘question of what we really
mean by the word ‘being’’ (Heidegger, 1993, p. 19) as being the germ-cell of the treatise: ‘So
it is fitting that we should raise anew the question of the meaning of Being’ (Heidegger, 1993,
p. 19). The way in which the basic question of being is systematically taken into view, as
expressed in the quote and extensively set out by Heidegger in the introduction, confirms in
principle the thesis of the priority of the question of Being over the question of time which
results from the order of ‘Being’ and ‘time’ in the title.
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Explicit confirmation of the thesis is provided by Heidegger when he directly deals with the
relationship in which the question of Being stands to the problem of time. In an short
intermediate step he had pointed out beforehand that ‘we in our time’ (Heidegger, 1993, p. 19)
not only no longer know what we actually mean with the term ‘being’, but that, furthermore,
this not-knowing, the worthiness of asking the question about being, has drifted into oblivion.
This intermediate step is important for Heidegger’s argument insofar as the ‘aim in the
following treatise’ (Heidegger, 1993, p. 19) results from it. This aim does not consist,
according to Heidegger, of providing an answer to the question of Being. Its aim is rather to
‘reawaken an understanding for the meaning of this question’ (Heidegger, 1993, p. 19).

Against the background of this seemingly reserved intention – no new answers are sought,
rather an old question is to be reawakened – Heidegger describes in his next step the
relationship in which the question of Being and the problem of time stand to one another. He
writes: the overall intention ‘[...] is to work out the question of the meaning of Being and to
do so concretely. Our provisional aim is the Interpretation of time as the possible horizon for
any understanding whatsoever of Being’ (Heidegger, 1993, p. 19). The two sentences identify
the conceptual precedence attributed to the question of Being by Heidegger over the question
of time at the formal level of arrangement. The fundamental intention of Being and Time
appears to be to work out the question of the meaning of ‘Being’. Conversely the
interpretation of time is declared to be the ‘provisional aim’ (Heidegger, 1993, p. 19) and is
hence incorporated as a stopover in the overall fundamental ontological undertaking, one
merely to be methodically steered towards in advance, but which is in no way decisive for the
matter at hand.

Up to this point the relationship between Being and time determined by Heidegger’s overall
conception seems to be in agreement with the vague clues to be derived from the order of the
two concepts in the title. The problems begin, however, when one subjects the content of the
two quoted sentences to a more exacting interpretation. If time – as stated in the passage
drawn upon – is to be identified as the ‘possible horizon for any understanding whatsoever of
Being’ (Heidegger, 1993, p. 19), is time then not set as being the more comprehensive
dimension? And does this not mean that, precisely from Heidegger’s perspective, one cannot
speak of a priority of Being over time, but must emphasize far more the precedence of the
time understood as the horizon for Being instead?
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In fact the early Heidegger’s overall fundamental ontological programme consists of
universalizing time in such a way that the constitution of what the philosophical tradition had
always opposed with time as something eternal and unchanging – i.e. Being – itself now
becomes obviously temporal. This claim is made explicit by Heidegger in paragraphs 11-14 of
§5 of Being and Time. In these passages, which are decisive in determining the position of the
problem of time in the overall conception of Being and Time, we read: ‘If Being is to be
conceived in terms of time, and if, indeed, its various modes and derivatives are to become
intelligible in their respective modifications and derivations by taking time into consideration.
then Being itself (...) is thus made visible in its “temporal” character’ (Heidegger, 1993, p.
40).

If this claim is taken literally then the apparent reserve exhibited by Heidegger in his preface
is exposed as glossy rhetoric. Against Heidegger’s initial assurance, Being and Time is
obviously concerned not only with making headway in ‘work[ing] out the question of the
meaning of Being and [doing] so concretely’ (Heidegger, 1993, p. 19). The intention of the
book is rather to demonstrate the plausibility of an ‘answer to the question of Being’
(Heidegger, 1993, p. 40) that is presupposed from the start. This answer reads: the meaning of
Being is time.

Summing up against the background of similar considerations Tugendhat highlights in his
essay ‘Heidegger’s Question of Being’: ‘So I come to the result that Heidegger had already
posed his question of Being in a form (...), which only yields an understandable meaning
when one already anticipates the answer that time is the meaning of Being. Thus Heidegger
had formulated his question in such a way that it has no meaning independently of the answer
he already had in mind’ (Tugendhat, 1992a, p. 113f.). And Tugendhat adds: ‘Something of
Heidegger’s style of thought is demonstrated in this. Had he been made aware of this
connection, he would still have been able to extract from it a particular profundity’
(Tugendhat, 1992a, p. 114).

Against the foil of the anticipated answer the precedence of the question of Being over the
problem of time proves to be superficial. For it seems to be undermined by a more profound
primacy of time, within which the question of Being takes shape. Of course, it should be
highlighted immediately that what at first glance might appear to be a contradiction and
aporia in the conception of Being and Time, can be easily defused using the distinction
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between the material and methodical aspect of the relationship between Being and time. The
thesis that the sense of Being is time in no way casts doubt on the material primacy of the
question of Being for the overall fundamental ontological concept of Being and Time.

This is demonstrated, for instance, when Heidegger, precisely while pointing out the
methodical significance of the time problem, at the same time accentuates the material
priority of the question of Being. Thus in §5 he writes: ‘the fundamental ontological task of
Interpreting Being as such includes working out the Temporality of Being’ (Heidegger, 1993,
p. 40). In a manner similar to the sentences quoted above from the prelude to Being and Time,
in which the ‘Interpretation of time’ appears as the ‘provisional’ (Heidegger, 1993, p. 19), but
not the final and decisive aim of Being and Time, the working out of the temporality of Being
is here also presented as an aspect of a comprehensive treatment of the question of Being.
This clearly shows that in the original overall conception of Being and Time time was not
aimed at as an independent theme, but that the theory of time was conceptionally incorporated
in the fundamental ontological perspective of inquiry from which Heidegger had set out when
developing his approach in the introduction.

Simultaneously this material precedence of the question of Being over the problem of time
provides evidence of what Heidegger highlights in §2 in his hermeneutic analysis of ‘what
belongs to any question whatsoever’ (Heidegger, 1993, p. 24): ‘Inquiry, as a kind of seeking,
must be guided beforehand by what is sought. So the meaning of Being must already be
available to us in some way’ (Heidegger, 1993, p. 24). Posing the question concerning Being
in a suitable manner means, for Heidegger, revealing the pattern that philosophical tradition
had always used to provide the answer to this question. Heidegger’s thesis is that the Greeks
had already conceived of Being within the horizon of time – albeit without having accounted
for this to themselves. Heidegger writes on this: ‘The outward evidence for this (although it is
merely outward evidence) is the treatment of the meaning of Being as

or

, which signifies, in ontologico-Temporal terms, “presence” [“Anwesenheit”].
Entities are grasped in their Being as “presence”; this means that they are understood with
regard to a definite mode of time – the “Present”’ (Heidegger, 1993, p.47). The methodical
precedence of the problem of time is not a central theme of Being and Time in its own right
from the start, rather it becomes this only because the central material question concerning
Being methodically points to time as its answer.
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But how did Heidegger intend to go about producing the connection between Being and time,
which from the perspective of tradition was all but self-evident? What was the link which
Heidegger thought would allow him to present time as the answer to the question of Being? In
Being and Time Heidegger thought he could identify this link by uncovering temporality as
Dasein’s basic constitution, which was to correspond to the temporality of Being, lying at the
core of non-Dasein-like entities, that he sought to reveal. The basic thesis on which the
original overall conception of Being and Time is based states that two things can be
demonstrated on the ground of an existential analysis of Dasein: firstly, that the meaning of
Dasein, that is the Being of consciousness, is temporality; and secondly, that a direct route
leads from the temporality of Dasein to the temporality of Being. According to the original
concept of Being and Time – introduced by Heidegger in his ‘Design of the Treatise’
(Heidegger, 1993, p. 63ff.) in §8 – the latter was to be demonstrated by way of a timetheoretical ‘destruction of the history of ontology’ (Heidegger, 1993, p. 63). Through the
destruction of traditional ontology, which wrongly understood itself as being time-neutral, the
hidden temporal pattern underlying the various historical answers philosophy had given to the
question of Being was to be uncovered in the second part of Being and Time.
Neither the planned second part of the work, nor even that division of the first part of Being
and Time in which, under the heading ‘Time and Being’, the transition from time to Being
was to be carried out were realized by Heidegger. To this extent Being and Time remained a
fragmentary work in a two respects. A comparison of the existing work’s table of contents
with the already cited ‘Design of the Treatise’ (Heidegger, 1993, p. 63) of §8 makes this clear.
Being and Time was to have two main parts. The title of the first part, which was to consist of
three divisions, reads: ‘the Interpretation of Dasein in terms of temporality, and the
explication of time as the transcendental horizon for the question of Being’ (Heidegger, 1993,
p. 63). The planned title of the second part was: ‘basic features of a phenomenological
destruction of the history of ontology, with the problematic of Temporality as our clue’
(Heidegger, 1993, p. 63). Heidegger in fact wrote only the first two divisions of the first part.
The third division of the first part and the entire second part were never realized by
Heidegger. Some of the basic ideas of the third division of the first part are found in
Heidegger’s lecture The Basic Problems of Phenomenology (Heidegger, 1982).
The dual fragmentary character of Being and Time leads to the fact that the question of time
dropped out in two regards in the realized work. The analysis of Dasein (part I, division 1)
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was indeed interpreted in terms of temporality (part I, division 2), but the temporally
understood Dasein was no longer interpreted explicitly in terms of the question of Being (part
I, the missing division 3). Not to mention the working out of the question of Being itself that
was to follow in the historical perspective on the basis of the clarifications gained through the
analysis of Dasein (missing part II). What remains is the ‘Interpretation of Dasein in terms of
temporality’ (Heidegger, 1993, p. 63).
The central difficulty with which a pragmatic reading of Being and Time sees itself faced lies
in that the analysis of temporality actually carried out by Heidegger represents a patchwork:
this consists on the one hand of independent and tenable analyses relating to phenomena; on
the other hand, however, fundamental ontological mantles, anticipations and constrictions of
outlook enter in which are determined by the unrealized finale of Being and Time’s original
overall conception.17 The following account attempts first to bring out the phenomenological
strength and material tenability of Heidegger’s analysis of temporality as delineated from the
time theories of Bergson and Husserl and then, against this background, to demonstrate
critically its inner intertwinement with the overall fundamental ontological project.

c) Pragmatic Interpretation of Heidegger’s Analysis of Temporality
Unlike Husserl and Bergson, who did not directly relate their theories of time to Kant,
Heidegger’s early thinking develops by taking issue directly with Kant. This was clearly
expressed in his lecture Phenomenological Interpretation of Kant’s Critique of Pure Reason, held
in Marburg in the year of Being and Time’s publication, as well as in the book Kant and the
Problem of Metaphysics, published in 1929, and in the references to Kant found in Being and
Time itself (cf. also Sherover, 1971; Düsing, 1992). In directly taking issue with Kant, Heidegger
was led to break with the theoretical kind of approach to the problem of time that had already
determined the Critique of Pure Reason and been retained by Bergson and Husserl. The question
of time as a pure form of sensible intuition – which is left open by Kant and reformulated by
Bergson and Husserl as the question of the temporality inherent in subjectivity – becomes with
Heidegger a question of the genuinely practical mode of the temporal self-design of human
existence.

‘Dasein’ is Heidegger’s term for what is called ‘subject’ or ‘I think’ with Kant. The direct dispute
with Kant which pervades Heidegger’s early main work is already expressed in this basic concept
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of Being and Time. Heidegger takes the view that Kant, by fixing it as ‘I think’, reduces the
transcendental subject to the aspect of theoretical knowledge. According to Heidegger, the human
is not a being that aims first and foremost to cognize the present-at-hand (Vorhandene). As
Dasein, it is far more a being which has always been thrust into its ‘there’ (Da), and thus did not
first begin, artificially and retrospectively, to construct a cognitive relationship to the outer world,
but rather one which had always finds itself practically related to its concrete environment – to
the ‘ready-to-hand’ (Zuhandene; Heidegger, 1993, p. 98). In this sense Heidegger highlights
against Kant: ‘The “I” is not just an “I think”, but an “I think something”’ (Heidegger, 1993, p.
367). And he explains: ‘Kant has indeed avoided cutting the “I” adrift from thinking; but he has
done so without starting with the “I think” itself in its full essential content as an “I think
something”, and above all, without seeing what is ontologically “presupposed” in taking the “I
think something” as a basic characteristic of the self’ (Heidegger, 1993, p. 367). This postulate is
the ‘Being-in-the-world’ of Dasein. Since, however, Kant ‘did not see the phenomenon of the
world’ (Heidegger, 1993, p. 368), Heidegger’s basic insight must remain hidden to him: ‘In
saying “I”, Dasein expresses itself as Being-in-the-world’ (Heidegger, 1993, p. 368).

Indeed, like Kant, Heidegger also asks about the conditions of possibility. For him, however, it is
not an abstract matter concerning the possible conditions of knowledge, but quite concretely
concerning the conditions of possibility of our Being-in-the-world. In the second division of
Being and Time Heidegger uncovers ‘temporality’ (Heidegger, 1993, p. 274 and passim) as
being the fundamental dimension underlying Dasein’s structure of care (Sorge), which he had
brought out in the first division of Being and Time. With recourse to Kierkegaard, he describes
the ‘double-movement’ (Kierkegaard, 1987, p. 36, p. 119) which brings Dasein to its Da
(‘there’), hence opening it for itself and to the world as a double temporal occurrence.

The first partial movement in this occurrence consists of the anticipation (Vorlaufen) of the future,
and the second partial movement in coming back to the present as an openness for the world
being encountered that is determined by the past – or, as Heidegger puts it, the ‘having been’
(Heidegger, 1993, p. 373). In summary Heidegger writes: ‘Coming back to itself futurally,
resoluteness brings itself into the Situation by making present. The character of “having been”
arises from the future, and in such a way that the future “has been” (or better, which is “in the
process of having been”) releases from itself the present. This phenomenon has the unity of a
future which makes present in the process of having been; we designate it as “temporality”’
17

On the patchwork character of Being and Time see Bast, 1986.
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(Heidegger, 1993, p. 374). At the existential level of conditions of possibility, the concern here is
not the concrete future, determined by certain substantive aims, but the future in general, of
which we read: ‘By the term “futural”, we do not here have in view a “now” which has not yet
become “actual” and which sometime will be for the first time. We have in view the coming
[Kunft] in which Dasein, in its ownmost potentiality-for-Being, comes towards itself’
(Heidegger, 1993, p. 373).

Heidegger’s designation of this ecstatic basic structure of Dasein as ‘transcendence’ (Heidegger,
1993, pp. 62, 414ff. and passim) has also given cause to infer theological implications here.
Heidegger defended himself against such a reading of his work from an early stage. Already in
his early lecture ‘The Concept of Time’ to theologians in Marburg in 1924, in which he had just
formulated the general ideas behind his analysis of temporality for the first time, he emphasizes,
completely in the spirit of Kant: ‘The philosopher does not believe. If the philosopher asks about
time, then he has resolved to understand time in terms of time (...)’ (Heidegger, 1992, 1f.). To
understand time in terms of time means thinking about time temporally, or to be in favour of a
temporalization of time. In this sense, with Being and Time in mind, Rorty writes: ‘Heidegger
would like to recapture a sense of what time was like before it fell under the spell of eternity,
what we were before we became obsessed by the need for an overarching context which
would subsume and explain us (...)’ (Rorty, 1991, p. 34). Such is the thoroughly secular nature
of Heidegger’s programme, and it is against this background that his definition of ‘future’
(Zukunft) as being the ‘coming [Kunft] in which Dasein, in its ownmost potentiality-for-Being,
comes towards itself’ (Heidegger, 1993, p. 373) is to be understood.

According to Heidegger the reason that our ‘Ways of Worldmaking’ (Goodman, 1978) are
temporally structured ways of worldmaking is that as Dasein we are temporal beings through and
through. Human subjectivity – this is Heidegger’s basic idea – can be described as the execution
of time. Dasein ‘exists as the primordial temporalizing of temporality’ (Heidegger, 1993, p. 486).
Heidegger attempts to describe this occurrence of subjectivity’s self-constitution in the
temporalizing of time using the temporal double-movement adopted from Kierkegaard. Unlike
Kierkegaard, however, for whom the double-movement of human existence only fails to lead us
to desperation when it occurs with conscious belief in God, Heidegger considers successful
temporal self-fulfilment to be possible in the absence of divine transcendence. Although
Heidegger – as Kierkegaard had already done in his speech At a Graveside (Kierkegaard, 1981) –
also describes the anticipation of one’s own future as a ‘Being-towards-death’ (Heidegger, 1993,
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p. 278ff), he means that this anticipation of the ‘possibility of the measureless impossibility of
existence’ (Heidegger, 1993, p. 307) – which death represents – allows a kind of ‘authentic’
existence. A kind of existence in which the experience of radical finiteness does not occasion
Kierkegaardian desperation, but which instead first opens up and frees the way to shape the new
horizon of manifold possibilities within which our everyday Dasein has always been organized,
without our having become aware of the character of its essential possibilities. This radical
outlook towards ‘the future as coming towards’ (Zu-kunft) in the sense of anticipating one’s own
death as the ‘ownmost, non-relational possibility, which is not to be outstripped, and certain’
(Heidegger, 1993, p. 310) is hence also understood by Heidegger as being the self’s own
‘resoluteness’ towards itself: as authentic ‘potentiality-for-Being-one’s-Self’ (Selbstseinkönnen;
Heidegger, 1993, p. 312).

Heidegger contrasts this distinguished basic form of human temporality with the negative image
of what he calls our ‘everyday understanding of time’ (Heidegger, 1993, p. 278). He attempts to
show how the everyday understanding of time arose as a derivative of the primordial temporality
of human Dasein. Or, to put it another way, Heidegger’s goal is to show why and how the
objectivized time we read off our clocks and calendars, and which we encounter as if it were a
subject-independent reality, is brought about by the temporal processes of our self-constitution,
that is, by the authentic temporality of the double-movement of human existence. Heidegger’s
idea is that we can only hold ourselves temporarily – in distinguished moments of our Dasein – in
the authentic temporality, or the resolute anticipation of death. As a rule and in the normal run of
things we anticipate a future whose content we determine with our concrete needs and plans, and
whose final horizon, death, we exclude. This reduced, usual practical-everyday and convenient
form of double-movement is what Heidegger calls ‘inauthentic temporality’ (Heidegger, 1993, p.
378).
Inauthentic temporality differs once again from what Heidegger calls ‘vulgäres Zeitverständnis’,
a vulgar or ‘ordinary conception of time’ (Heidegger, 1993, p. 39 and passim).18 Whilst in the
inauthentic, practical-everyday temporality a reflection of ‘the ecstatical constitution of
temporality’ (Heidegger, 1993, p. 461) remains to be sensed, in the vulgar conception of time
the temporal origin of time of the temporality of human Dasein is completely obscured.
18

In Macquarrie and Robinson’s translation of Being and Time, the German ‘vulgär’ is
rendered somewhat euphemistically as ‘ordinary’. I prefer hereafter to translate this as
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Heidegger makes this difference quite clear by considering our use of clocks. He refers here to a
paradox that time managers and time economists have yet to overcome. This paradox lies in that
‘precisely that Dasein which reckons with time and lives with its watch in its hands (...)
constantly says ‘I have no time’’ (Heidegger, 1992, p. 15). How is it that precisely the greatest
strategist of time at once suffers the greatest stress due to time? Heidegger’s answer is: because to
the professional time manager time has congealed into a pure now-sequence of interchangeable
seconds, minutes, days, weeks, months and years, into a objectivized external temporal power,
lying before him as an infinitely divisible, endless line which he can never really succeed in
filling. Objectivized time slips through his fingers. Any time he saves through skilful time
management immediately imposes itself on him again as empty and in need of being filled with
work. It is no longer concrete concerns and needs which determine his time plan, rather it is
empty time itself that awakens new needs and enforces its own capitalization.19

Whereas this form of dealing with time has increasingly become the norm in the second half of
the 20th century (cf. Rinderspacher, 1985), Heidegger was still able to view the vulgar
conception of time as being an extreme case, from which inauthentic temporality could still be
clearly delineated. In the practical contexts of everyday concerns time appears to be not an
external, still merely physically determined power of the clock or ‘nature-time’ (Heidegger,
1982, p. 262), but as a ‘world-time’ (Heidegger, 1982, p. 262) built in to and determined by our
everyday concerns.

Heidegger identifies the aspects of datability, tension and publicness as being the three central
characteristics distinguishing inauthentic temporality from the vulgar conception of time. What
matters to Heidegger can be shown particularly clearly by taking datability as an example.
Whereas in the vulgar conception of time the respective ‘now-point’ (Jetztpunkt; Heidegger,
1993, p. 482) is defined solely through its immanent relation to other now-points, that is, through
the abstract relation of earlier/later, the now of everyday concerns is always integrated within
concrete reference to daily business whose datability it serves: it is a ‘now that ...’ (Jetzt, da ...;
Heidegger, 1993, p. 461). In this context Heidegger highlights: ‘When we look at the clock and

‘vulgar’ so as to retain the clarity of the distinction between this and inauthentic temporality
[trans.].
19
The mechanism underlying this ‘pre-projection of the time to be managed’ (Gadamer,
1972, p. 224) was examined by Gadamer (Gadamer, 1972, esp. pp. 223-225). The temporal
paradox expressed in the statement ‘the more time you save, the less you have’ (Kamper,
1991, p. 255) is looked at by Kamper (Kamper, 1991, pp. 255f., 289ff.).
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say “now” we are not directed toward the now as such but toward that wherefore and whereto
there is still time now; we are directed toward what occupies us, what presses hard upon us, what
it is time for, what we want to have time for’ (Heidegger, 1982, 259). From this he concludes:
‘The fact that the structure of datability belongs essentially to what has been interpreted with the
“now”, “then” and “on that former occasion”, becomes the most elemental proof that what has
thus been interpreted has originated in the temporality which interprets itself. When we say
“now”, we always understand a “now that so and so ...” though we do not say all of this. Why?
Because the “now” interprets a making-present of entities. In the “now that ...” lies the ecstatical
character of the Present. The datability of the “now”, the “then” and the “on that former
occasion”, reflects the ecstatical constitution of temporality, and is therefore essential for the time
itself which has been expressed’ (Heidegger, 1993, p. 460 f).

In summary it can be said that in Heidegger’s differentiation between authentic temporality,
inauthentic temporality and the vulgar conception of time there is a continuation of the
relativization of objective time – which began with Kant’s distinction between time as ‘formal
intuition’ and time as a ‘form of intuition’ – in the concrete conditions of human Being-in-theworld. This continuation has a dual aspect. On the one hand, Heidegger relativizes the objective
view of time underlying the vulgar conception of time with recourse to the pragmatic, inauthentic
temporality that has drifted into our everyday dealings with time in relation to daily concerns. At
this level Heidegger’s analysis of temporality can be read as the consistent continuation of the
analysis of Dasein in part I of Being and Time which has been pragmatically interpreted by Rorty,
Tugendhat and others. On the other hand, Heidegger relativizes both the objective view of time
underlying the vulgar understanding of time and the pragmatic view of time underlying
inauthentic temporality with recourse to the distinguished and in his view fundamental form of
authentic temporality. Proceeding from this fundamental form of temporality, Heidegger thought
he would be able to make the transition from the analysis of Dasein to fundamental ontology.
Hence it simultaneously marks the inner turning point at which Heidegger’s phenomenology of
the temporality of human Dasein is subsumed within and enshrouded by the overarching
fundamental ontological perspective of Being and Time.

From this state of affairs Tugendhat drew the double conclusion that, firstly, the
temporalizing structure of authentic temporality is reducible to a simple state of affairs and
that, secondly, this reduced structure is not capable of founding the other temporal forms
which Heidegger describes (Tugendhat, 1992b, esp. pp. 578-580). According to the pragmatic
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intention both of Tugendhat’s suggestions are to be complied with. The way in which they are
executed and theoretically justified is to be modified critically in contrast to Tugendhat. To
begin with, however, the two conclusions, as developed by Tugendhat, will be set out.

With regard to Tugendhat’s first conclusion: The reduced meaning that Tugendhat is prepared
to extract from Heidegger’s description of the authentic future of Dasein consists in that it is
concerned with the ‘simple verbal distinction between what we usually call the future and
one’s behaviour towards the future’ (Tugendhat, 1992, p. 579). What Tugendhat has in mind
here, without highlighting it clearly, is not unlike the difference which Heidegger describes in
his analysis as the difference between the pragmatic constitution of inauthentic temporality
and the objective theoretical constitution of the vulgar concept of time. The vulgar concept of
time grasps the future as a now-point located later on the objective time beam than the current
now-point. In contrast to this, the pragmatic understanding of time consists of concrete
behaviour with regard to one’s own future plans, self-projections and projects. Thus it does
not comprehend the future in terms of the present as an abstract now-point, but conversely
always defines the respective now-point already in terms of these concrete projects and
projections. Tugendhat’s reduction of authentic temporality accordingly consists not of the
revelation of, so to speak, a minimal phenomenal content which is to be preserved, but of the
deletion of the authentic in favour of inauthentic temporality.

With regard to Tugendhat’s second conclusion: His second conclusion results from the
reduction – which is to be interpreted as the deletion of authentic temporality – carried out in
his first conclusion. If the temporalizing form of authentic temporality is to be dissolved into
inauthentic temporality’s pragmatic apprehension of time, then the latter can no longer be
described as being founded within the former. Instead of this, Tugendhat thinks, it becomes
clear against the background of the reduction made in his first conclusion that ‘referring to
one’s own future has already presupposed future in the normal sense’ (Tugendhat, 1992b, p.
580). Accordingly, the foundational relationship between pragmatic temporality and the
vulgar concept of time ought to be reversed: ‘One thus sees that the coming-to-oneself, future
in this allegedly primordial sense, in reality already presupposes the time which Heidegger
subsequently calls the “vulgar” one, that is, the succession of events’ (Tugendhat, 1992b, p.
579). In this sense Tugendhat highlights at the beginning of his essay, with recourse to
McTaggart’s distinction between the shifting A series determinations (past, present, future)
and the static B series relations (earlier, simultaneous, later): ‘It seems obvious to trace the A
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series back to the B series by defining: present is respectively that which is simultaneous with
the now-point at which the speaker finds himself, to the future belongs that part of the B
series which is later than now, and that part of the B series is past which is earlier than now’
(Tugendhat, 1992b, p. 576).

This definition is already found (slightly differently formulated) in McTaggart’s essay ‘The
Unreality of Time’. McTaggart writes: ‘We perceive events in time as being present, and those are
the only events which we perceive directly. And all other events in time which, by memory or
inference, we believe to be real, are regarded as past or future – those earlier than the present
being past, and those later than the present being future’ (McTaggart, 1908, p. 458). In contrast
to Tugendhat, however, McTaggart attempts to show in his essay ‘that there can be no B
series where there is no A series’ (McTaggart, 1908, p. 461). Within the framework of his
proof McTaggart highlights that with regard to the distinctions of the A series ‘We can, to
some extent, describe them, but they cannot be defined’ (McTaggart, 1908, p. 463) without
reverting once again to A determinations to do this.

If one analyzes Tugendhat’s attempted definition against the background of the fact brought
out by McTaggart ‘that the A series has to be pre-supposed in order to account for the A
series’ (McTaggart, 1908, p. 468), then it becomes clear that this attempt itself leads ad
absurdum. Tugendhat’s definition of ‘present’, on which his further definitions of ‘future’ and
‘past’ are based, presupposes either that one already knows what is meant by ‘present’, in
which case it is not a definition, or that one reduces the present to being a pure now-point
within the objective time series, which, however, itself per definitionem eludes our subjective
experience.20 Hence, with McTaggart and against Tugendhat, the linking of the B series back
to human Dasein’s pragmatic horizon of temporality carried out by Heidegger is to be adhered
to. However, the pejorative elements, which are already expressed by Heidegger’s designation
of the linear time series as ‘vulgar time’, are to be eliminated from this link.

This can be achieved without having to abandon (as Tugendhat does) the model of the
temporal double movement. It suffices to relativize this model, that is, to understand it too
temporally, historize it and strip it of its alleged authenticity and the unreasonable nature of its
fundamental ontological claim. This step, not explicitly carried out by Heidegger himself, yet
20

See what McTaggart’s describes as ‘another consideration’ at the end of his essay in
(McTaggart, 1908, p. 470) with recourse to James’s theory of the ‘specious present’.
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suggested by his analysis, marks the basic trait of a reflexive temporalization of time carried
through to its final consequences.

This step, a radical temporalization of time, is implicitly anticipated above all in Heidegger’s
discussion of ‘the ideas of Count Yorck’ (Heidegger, 1993, p. 349), found in §77 of Time and
Being. Here Heidegger highlights positively: ‘And Yorck (...) did not hesitate to draw the final
conclusion from his insight into the historicality of Dasein’ (Heidegger, 1993, p. 453). As
evidence Heidegger approvingly quotes from correspondence between Yorck and Dilthey:
‘Behaviour and historicality are like breathing and atmospheric pressure; and – this may sound
rather paradoxical – it seems to me methodologically like a residue of metaphysics to not
historicize one’s philosophizing’ (Yorck, quoted by Heidegger, 1993, p. 453).

In his essay ‘Heidegger, Contingency, and Pragmatism’ Rorty refers explicitly to Heidegger’s
Yorck quote when advocating the thesis ‘that the historical story which he [Heidegger] told in
the 1930s was already in his mind when he wrote Being and Time’ (Rorty, 1991, p. 40). At the
same time, however, Rorty highlights: ‘My own guess is that in the 1920s Heidegger thought
that it [the average vague understanding of Being - M.S.] is ahistorical and that in the 1930s
he came to think of it as historically situated’ (Rorty, 1991, p. 40). A no less ambivalent image
results from Rorty’s detailed interpretation of selected passages from Being and Time and The
Basic Problems of Phenomenology. For both the book and the lectures, held by Heidegger in
Marburg in the year of Being and Time’s appearance, it can be said that on the one hand
passages are found in them which suggest ‘that the “analytic of Dasein” in Being and Time is
most charitably and easily interpreted as an analytic of Western Dasein, rather than as an
account of the ahistorical conditions of the occurrence of history’ (Rorty, 1991, p. 41). On the
other hand, however, both the book and the lectures exhibit passages which, on the contrary,
make clear that Heidegger thought ‘that Dasein – not just Western Dasein – had a nature
which Daseinsanalytik could expose’ (Rorty, 1991, p. 41, footnote 27). Independently of this
hermeneutic problem, Rorty’s Heidegger interpretation in this essay (in contrast to earlier
texts) tends, however, also to interpret the second division of Being and Time pragmatically
(Rorty, 1991, esp. pp. 33f.; cf. already Okrent, 1988, pp. 191-204).

If one relativizes and historizes Heidegger’s temporality concept in the manner suggested,
then it becomes clear that Heidegger’s levelling of the B series as vulgar time in no way
results from its being linked back to the pragmatic understanding of temporality. It results far
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more from the contrasting of both the objectivized now series (McTaggart’s B series) and
pragmatic temporality (McTaggart’s A series) with the authentic temporality, which functions
as an overarching standard of judgement.21 A less emphatic description of this temporalizing
form of Dasein – that is, one not burdened by the fundamental ontological implications which,
with Heidegger, are supposed to justify the distinction of the temporalizing structure
designated as ‘authentic temporality’ – would allow the linking of pragmatic temporality back
to the formal structure of the temporal double movement to be preserved without having to
adopt the hierarchical structure that Heidegger sets between the temporal forms he uncovers.
This modification would amount to a pluralization of Heidegger’s analysis of temporality in
two respects and hence complete the reflexive temporalization of time which Kant prepared
and Heidegger radicalized.

The pragmatic radicalization of Heidegger’s analysis of temporality would lead, firstly, to an
inner pluralization insofar as the temporal forms uncovered by Heidegger would be no longer
understood in a hierarchical foundational context furnished with normative implications
(authentic/inauthentic). The linking of the B series to pragmatic temporality would be
understood in the same sense as Heidegger himself interpreted the binding of theory and
science within contexts of everyday concern in the first division of Being and Time
(Heidegger, 1993, esp. §16, pp. 102-107 and §69, pp. 401-418; cf. Gethmann, 1993, pp. 169206). And the boundness of pragmatic temporality, fixed in content on determinate future
projections, within the temporal double movement of Dasein would be understood as
boundness within a horizon in terms of which future projections first become experienceable
as being concrete and determinate, and in terms of which their binding nature, one lying
precisely in their contingency and transitoriness, becomes understandable.

The suggested pragmatic modification in the apprehension of the temporal double movement
would, secondly, link up with an external pluralization, one no longer affecting only the
internal relationship between the mutually cross-referenced temporal forms described by
Heidegger, but which would take notice of alternative temporalizing forms that can no longer
21

On the relationship between Heidegger’s analysis of temporality and McTaggart’s
distinction between A and B series see Okrent, 1988, p. 193 and Tugendhat, 1992a, p. 130.
However, neither Okrent nor Tugendhat make use of the distinction between vulgar time and
pragmatic temporality developed in this interpretation. Instead they oppose vulgar time –
within which, on their view, McTaggart’s distinction between A and B series falls as inner
differentiation – with an undifferentiated concept of temporality.
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be understood in the conditions of the ‘priority of the future’ (Heidegger, 1993, p. 378)
presupposed by Heidegger. One might think here of the broad spectrum of divergent temporal
forms ranging from Kant’s ‘reflective judgement’ and Freud’s ‘free association’, Proust’s
‘mémoire involontaire’, Benjamin’s ‘Jetztzeit’ and Newman’s ‘now’, through to Lyotard’s
‘passage’ or Derrida’s ‘écriture’.

The pragmatic pluralization of Heidegger’s analysis of temporality reinterprets Heidegger’s
considerations from the perspective of current developments in order to make them useful in
contemporary contexts of discussion. At the same time this means that it takes the literal
content of Being and Time more seriously than permitted by the fundamental ontological
spirit determining the conception of Heidegger’s Being and Time. If one takes the
fundamental ontological horizon of Being and Time as a basis, and disregards altogether
interpretations that attempt also to reinterpret this critically (as, for example, Vattimo, 1988),
then the way in which Heidegger grasps the interrelationship between the different temporal
forms – namely as a hierarchical foundational context – lapses into a renewed universalization
of time defined as authentic temporality.
The relativization of objective time in Being and Time takes place as a foundational
undertaking whose aim it is to derive the vulgar apprehension of time, by way of inauthentic
temporality, from primordial temporality, that is, from the authentic temporality which is to
comprise the ‘Being of Dasein’ (Heidegger, 1993, p. 225ff.) and thus itself be set as an
ahistorical a priori. With regard to the supposed levelling off of the primordially ecstatical
temporality, which, according to Heidegger, takes place in the constitution of the vulgar
apprehension of time, we read in Being and Time: ‘But this very levelling off, in accordance
with its existential meaning, is grounded in the possibility of a definite kind of temporalizing,
in conformity with which temporality temporalizes as inauthentic the kind of “time” we have
just mentioned. If, therefore, we demonstrate that the “time” which is accessible to Dasein’s
common sense is not primordial, but arises rather from authentic temporality, then, in
accordance with the principle, “a potiori fit denominatio”, we are justified in designating as
“primordial time” the temporality which we have now laid bare’ (Heidegger, 1993, p. 377).

Looking back it is to be noted that the reflexive temporalization of time in the mainstream of
modern philosophy of time takes shape with different intonations with Kant, Bergson, Husserl
and Heidegger respectively, yet is carried through in all radicality and in final consequence by
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none of the named authors. Thus a basic temporalization of time already takes place with
Kant, and then in radicalized form with Heidegger. Time is consciously thought of by neither
Kant nor Heidegger as being a derivative of eternity to be grasped with the traditional means
of the logos along the lines of ‘what is ... ?’ inquiry. Instead with Kant it appears as a
theoretical condition of possibility of knowledge which first permits an object to be fixed in
its ‘is’, in its ‘being now’ altogether. Heidegger goes a step further by demonstrating that time
is not only the theoretical condition of possibility for our being able to fix anything as
something within ‘now’, that is our being able to recognize it as an object, but is, moreover,
also the practical condition for our being able to project a world, to stand within a life context
at all, within which the cognition of objects – to which not only Kant, but also Bergson and
Husserl reduce our relation to the world – can then play a secondary role. Although not in line
with its original intention, Heidegger’s analysis of temporality in fact executes a pragmatic
turn in modern philosophy of time. This turn opens up prospects of a radical pluralization and
historization of our understanding of time pointing beyond Heidegger’s fundamental
ontology, and forming the focus of the reflexive temporalization of time.

4) The Reflexive Temporalization Tendency and its
Relation to Objective Temporalization
To conclude I would like to relate the two ways of temporalizing time described – the
objective temporalization of time occurring in modern physics, and the reflexive
temporalization of time occurring in modern philosophy – to each other in two respects. First
it will be shown what forms the content of the respective time concepts foregrounded in the
two temporalization tendencies and how these are related to one another. Then it will be
broadly outlined how the different ways of temporalizing time differ at the formal level, that
is, how the difference between objective and reflexive temporalization is to be understood and
how the two terms ‘objective’ and ‘reflexive’ are related to one another.

With regard to the content of the time concepts, the difference which distinguishes
Prigogine’s concept of irreversible time and Heidegger’s temporality from one another must
first be highlighted. This difference becomes particularly clear in a passage found in
Heidegger’s early lecture ‘The Concept of Time’. In this passage Heidegger himself delimits
his concept of temporality from the concept of irreversible time. In doing this he ascribes the
concept of irreversible time to ‘“one’s” time’ (Heidegger, 1992, p. 17). ‘One’s time’ is the
time characteristic of the everyday Dasein which is absorbed ‘in concern with some “what”
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that is present’ (Heidegger, 1992, p. 16). Everyday concern is guided by the clock for the
purposes of organization and execution of its provisions: ‘The clock that one has, every clock,
shows the time of being-with-one-another-in-the-world’ (Heidegger, 1992, p. 17).

Heidegger writes ‘If the attempt is made to derive from the time of nature what time is, then
the

[now] is the

[measure] of past and future. Then time is already

interpreted as present, past is interpreted as no-longer-present, future as indeterminate not-yetpresent: past is irretrievable, future indeterminate. For this reason everydayness speaks of
itself as that within which nature is constantly encountered. That occurrences are in time
means not that they have time, but that, as occurring and existing there, they are encountered
as running through a present. This time of the present is explicated as a sequence constantly
rolling through the now; a sequence whose directional sense is said to be singular and
irreversible. Everything that occurs rolls out of an infinite future into an irretrievable past’
(Heidegger, 1992, p. 18). Such is Heidegger’s description of the irreversible structure of
‘one’s time’, which runs off from the open future into the determined past.

With the structure of irreversibility in mind he continues to interpret in the same context:
‘Two things are characteristic of this interpretation: (1) irreversibility; (2) homogenizing into
now-points. Irreversibility comprises whatever remains of authentic time for this explication
to seize upon. This is what remains of futuricity as the fundamental phenomenon of time as
Dasein. This way of viewing it looks away from the future towards the present, and from out
of the present its view runs after time which flees into the past. The determination of time in
its irreversibility is grounded in the fact that time was reversed beforehand. Homogenization
is an assimilation of time to space, to Presence pure and simple; it is the tendency to expel all
time from itself into a present. Time becomes fully mathematized, becomes the coordinate t
alongside the spatial coordinates x,y,z. Time is irreversible. This irreversibility is the sole
factor by which time still announces itself in words, the sole respect in which it resists any
ultimate mathematization. Before and afterwards are not necessarily earlier and later, are not
ways of temporality. In the arithmetic sequence, for example, the 3 is before the 4, the 8 after
the 7. Yet the 3 is not earlier than the 4 on this account. Numbers are not earlier or later,
because they are not in time at all. Earlier and later are a quite determinate before and
afterwards. Once time has been defined as clock time then there is no hope of ever arriving at
its original meaning again’ (Heidegger, 1992, p. 18f.).
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In order to interpret this passage appropriately it is helpful to recall the distinctions made by
Heidegger in the analysis of temporality in Being in Time, which is more developed than the
early essay, between the vulgar understanding of time, inauthentic and authentic temporality.
In the spirit of the suggested pragmatic reading of Heidegger’s analysis of temporality I will
use these distinctions neutrally, that is, without Heidegger’s usual pejorative accent. This will
be terminologically reflected in that, in place of the normatively loaded terms used by
Heidegger, I will speak of the following three temporal forms: firstly, of the linear B series
underlying the measurement of time with a clock; secondly, of the pragmatic temporality of
the A series resulting from the concrete horizon of our concerns and projects; and, thirdly, of
the temporalizing structure of the formal double movement that permits us to distance
ourselves from these projects and reflectively to relativize and historize them.

Before I can apply the pragmatic instruments in the interpretation of the Heidegger passage
quoted, a few comments must first be made about Prigogine and Stengers’ time-theoretical
convergence thesis. The convergence thesis states that through the introduction of the concept
of irreversible time the time-theoretical problem dimension, which Heidegger’s analysis of
temporality had unfurled as being philosophical in a distinguished sense, is drawn into
physics. It is obvious that for the convergence thesis formulated by Prigogine and Stengers
not the pragmatic, but the fundamental ontological reading of Heidegger’s analysis of
temporality would be relevant. This becomes particularly clear when one is reminded of the
way in which a series of authors have sharpened Prigogine and Stengers’ convergence thesis
with a view to Heidegger.

So, for instance, in their joint essay ‘The Time Tree’, in which they rely on Prigogine’s
research, Friedrich Cramer and Wolfgang Kaempfer suppose that with the new scientific
instruments for dealing with time ‘time [can] in fact be proven to be the ‘Being of the being’
(Sein des Seienden; Cramer/Kaempfer, 1990, p.133; cf. also Cramer, 1993). Unlike Prigogine
and Stengers, Cramer and Kaempfer hence interpret the current temporalization of science not
only as the experimental transliteration of the temporality structures unfurled by Heidegger,
but also as the redemption of the project, outlined but not carried out by Heidegger in Being
and Time, of a fundamental ontology: as the uncovering of time as the meaning of being. In
this sense Kaemper has suggested in his book Time and Clocks that the gap between the
analysis of temporality in Heidegger’s early work and the thinking of Being in his later work
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might be closed through a time-philosophical evaluation of Prigogine’s research (Kaempfer,
1991, pp. 13f. and 85).

Manfred Eigen established the link between Prigogine’s self-organization theory and
Heidegger’s analysis of temporality only indirectly, and to this extent more cautiously than
Cramer and Kaepfer. Eigen, who was the first to introduce the term ‘temporality’ explicitly to
the description of physical and biological self-organization processes (Eigen, 1984, esp. pp.
45ff.), concludes his essay ‘Evolution and Temporality’ with a chapter bearing the title ‘Being
and Temporality’. It begins with an indirect reference to Heidegger which simultaneously
postpones decided debate over philosophical time theory: ‘The heading, much as it tempts us
to an excursion into philosophy, is intended only to suggest that the concept of time in modern
physics is closely intertwined with Being’ (Eigen, 1984, p. 55). Yet, for Eigen too, this is
linked with the strong convergence theory in the sense of Prigogine and Stengers. In Eigen’s
formulation this states that in future with the means of self-organization theory ‘subjective
temporal experience: “conscious experience’’’ will be definable using ‘the objective processes
underlying them: catastrophes, bifurcations or instabilities’ (Eigen, 1984, p. 56).

In order to meet the strong demand – made by Prigogine and Stengers, Cramer and Kaempfer,
and Eigen – of being able to explain the internal intersection between the temporality of
Dasein and the temporality of Being with the means of self-organization theory, the overall
perspective of fundamental ontology is needed. According to the Heidegger passage quoted,
however, it is precisely from this perspective that the irreversible time structure would appear
as the signature of an inauthentic temporality determined in terms of ‘clock time’ (Heidegger,
1992, p. 18), from which ‘there is no hope of ever arriving’ at the ‘original meaning’
(Heidegger, 1992, p. 19) of a uniform time embracing the temporality of Dasein and the
temporality of Being.

How does the relationship between Prigogine’s irreversible time and Heidegger’s temporality
present itself from the perspective of the pragmatic Heidegger interpretation? First of all it is
to be highlighted from this perspective that in the passage quoted above Heidegger has a
particular form of development of pragmatic temporality in mind. This, however, is a form of
development which he presents not as one such form among others in the context of ‘The
Concept of Time’, but which he absolutizes altogether in the sole and central shape of ‘one’s
time’. If one examines more closely the temporal structure described by Heidegger in the
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quoted passage, then it becomes clear that a kind of pragmatic temporality is concerned which
does not genuinely understand itself as being pragmatic temporality. The subject interpreting
itself within this temporal form does not interpret itself primarily in terms of the temporal
dimensions of the A series constituting the individual projection of its respective life-form in
terms of the future. Rather, it understands the temporal dimensions as fixed structures
inscribed in the linear B series in a preordained manner: the open future as that which is later
than the present, the immutable past as that which is earlier than the present.

If one establishes from this the link with the objective temporalization of time, as has taken
place within modern physics, then it becomes evident how the objective structure of
irreversibility that attains physical significance with Carnot, Thomson, Clausius and
Boltzmann results from the characteristic asymmetry between future and past which issues
from the inscription of the A series in the B series. This, however, by no means coincides with
that basic structure of pragmatic temporality which actually determines our everyday dealings
with our multiple, varying, constantly shifting, and complexly interconnected projections of
world and self.

This plural form of dealing with time, which is beginning to characterize the everyday world
in post-industrial societies at the end of the 20th century,22 does not harness the temporal
dimensions of the A series within the fixed framework of a supposedly objectively
preordained B series, but understands the A series flexibly in terms of its embedment within
the temporalizing structure of the formal double movement, in the execution of which we
have learned to temporalize ourselves in our cultural, technical and historical context. It is this
open and creative understanding of time which distinguishes the concept of time underlying
Prigogine’s theory of dissipative structures from the arrow of time model introduced into
physics by classical thermodynamics. Within the framework of this concept not only is the
future to be described as an open structure, but the reconstruction of a system’s past is also to
be relativized to the different bifurcational future paths in which the system can inscribe itself
and between which it establishes links, transitions and sudden syntheses.
22

Cf. the empirical study by Hörning, Gerhardt and Michailow centring on the ‘plural
orientation’ (Hörning/Gerhardt/Michailow, 1995, p. 155) of new ‘time management
techniques’ (ibid., p. 138) which result from the ‘reflexive time consciousness’ (ibid., p. 141).
See also Hörning/Ahrens/Gerhard, 1997 which builds on this. A critical analysis of this
development is found under the title ‘Flexible: The Restructuring of Time’ in Sennett, 1998,
pp. 46-63.
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The parallelism between pragmatic temporality – expressed in the reflexively temporalized
kinds of human life-forms that can be described with the means of Heidegger’s analysis of
temporality – and the plural temporality of chemico-physical processes brought to light by
Prigogine is the result of a scientifically successful assimilation of the physical time
vocabulary to those time vocabularies with which we are used to describing our pragmatic life
projections and our everyday ways of time-making. The result of this assimilation says
nothing about the ‘Temporality of Being’ (Heidegger, 1993, p. 40), but merely documents the
intertwinement of philosophical, physical and life-world time vocabularies (which became
possible in the conditions of computer technology), which themselves have a history and
which in the framework of this history were (as can be seen retrospectively: wrongly)
considered incompatible. The specific basic trait of the reflexive temporalization, which
suggests itself as an alternative interpretation of Prigogine’s theory of irreversible processes
and distinguishes this at the formal level from the objective way of temporalizing time, is
expressed in all poignancy in this contingency-theoretical view of things.

In order, finally, to bring out the formal difference existing between objective and reflexive
temporalization of time, it must be made clear that the reflexive temporalization tendency is a
reflexive occurrence in two senses. First of all, the temporalization of time expressed in the
pragmatic interpretation of Heidegger’s analysis of temporality is to be designated as
reflexive in a broad sense. In this broad sense the tendency within physics, designated here as
objective temporalization, also assumes a reflexive component. In both the reflexive
temporalization tendency and the objective temporalization an old and static time concept is
understood and relativized in terms of a new and dynamic time concept. This broad concept
of ‘reflexive’ designates a kind of objective reflexivity through which time as the object of
examination is related back to itself by playing out a more temporal understanding of time
against a less temporal concept of time.

The narrow and stronger concept of reflexivity, foregrounded in the philosophical
temporalization tendency, is to be distinguished from this broad and weaker concept of
reflexivity. With the stronger concept, self-reflexivity is involved in the sense that the
execution of a reflexive temporalization of time in the objective sense – common to both
temporalization tendencies – is for its part understood as being historically contingent and
temporally relevant. This transition is described by Heidegger in the ‘Concept of Time’ as
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follows: ‘In order to speak in keeping with the ontological character of our theme here, we
must talk temporally about time. We wish to repeat temporally the question of what time is.
Time is the “how”. If we inquire into what time is, then one may not cling prematurely to an
answer (time is such and such), for this always means a ‘what’’ (Heidegger, 1992, p. 22). And
Heidegger concludes: ‘The fundamental assertion that time is temporal is therefore the most
authentic determination (...) Time itself is meaningless; time is temporal’ (Heidegger, 1992, p.
20f.).

It is the combination of these two aspects which was intended when the term ‘reflexive
temporalization’ was used in the framework of the current work. With this the second aspect,
which clearly sets the reflexive temporalization apart from the objective temporalization, is of
particular importance. It makes clear that the temporalization of time in the reflexive
temporalization tendency does not take place as the essentialization of time. The reflexive
temporalization does not set a true and supposedly ineluctable, and hence eternal, essence of
time in the place of a deficient and inadequate understanding of time. Nor does a gradually
more temporal understanding of time simply enter in place of a less temporal understanding
of time. Rather the spiralling progression of objective temporalization is breached in the
course of the reflexive temporalization of time by the transition from a theoretical
understanding of time, which apprehends time as an objective structure, to a pragmatic
understanding of time that describes time as being a contingent form in the realization of
human projects in life.
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