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The most fundamental concepts of natural science are space and time.

M. Schlick, 'Raum und Zeit in der gegenwärtigen Physik', 

Die Naturwissenschaften V (1917), 21 [translated by the author]

Until we have firm understanding of the flow of time, or incontrovertible evidence that it is indeed an illusion, then we will not know who we are, or what part we are playing in the great cosmic drama.

Paul Davies, About Time (1995), 278
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Having formulated his Special Theory of Relativity, Einstein had developed this central notion, which was to serve as basis for the argument of the block universe. This was the notion of relative simultaneity. But if the block universe really is a philosophical consequence of the Special Theory of Relativity, Einstein was slow to draw it. So were the first exponents of the new theory. This situation is very different from philosophical excitement, which surrounded the second revolution at the beginning of the 20th century. The discovery of atomic phenomena and the slow emergence of a theory of quantum mechanics, as we shall see in Chapter III, led to an instant awareness on the part of the participating scientists that fundamental philosophical issues were at stake. The quantum phenomena seemed to threaten the classical notion of causality. Physicists were quick to notice the threat and to offer remedies in various forms.  The first publications on the Special Theory of Relativity did not refer to the block universe as a philosophical consequence. Technical articles on relativity began to appear in Philosophical Magazine in April 1907. In July 1914, Max Planck published an article in this magazine, which makes a step towards an idealist interpretation of the notion of time as a result of the Einsteinian revolution in physics: the determination of time, Planck writes, has become dependent on the motion of the observer.
 In The Physical Review articles on Einstein's relativity theory began to appear in July 1910 (Volume XXXI). In 1913, this journal published an article by R.D. Carmichael
, which, in its title, held out the promise to discuss its philosophical aspects. But while the article gives a clear exposition of the postulates of the theory of relativity and explains its physical consequences: relative simultaneity, length contraction and time dilation, it does not take the step from the motion-dependence of time determination to the block universe. Its only timid philosophical suggestions concern 'the Philosophical Controversy concerning the One and the Many'. The British journal Nature opened its pages to the relativity theory in 1913 (Volume 90). At first this took the form of numerous reviews of new books on the theory and of brief discussion notes on articles, which had appeared in other scientific journals. In 1916 Arthur Eddington began a series of articles on the general theory of relativity, in which he embraced the idea of a block universe. This hesitant beginning burst into a climax in 1921 when Nature devoted a large part of Volume 106 to a discussion of relativity and its various aspects. Einstein opens the discussion with a brief outline and the section ends with the publication of a bibliography on relativity. It is an indication of the revolutionary impact of the relativity theory that in 1910, J. Laub published the first bibliography, in which more than 130 publication on the special theory of relativity are listed.
 It is clear from an examination of the scientific journals of the time that Einstein's theory found almost immediately numerous adherents.
 It also inspired some to satire. Leo Gilbert calls the relativity principle 'the latest fashionable folly in science'.
 In his preface the author states that 'this book deals with one of the most interesting errors of mankind.' It derides, largely on the strength of common-sense arguments, the 'forgery', which the special theory of relativity allegedly commits with the notion of time. Gilbert's book received a rather positive review in Nature. The anonymous reviewers predicts that the book will increase rather than lessen the general interest in the theory of relativity. The review also gives a flavour of a common-sense revolt against the counterintuitive consequence of the relativity theory for our notion of time. 

That the more extravagant conclusions resulting from the extreme adaptations of the principle should be held up to ridicule is quite wholesome, as it reveals the weak points in the argument and prevents the unwary from carrying it too far.  (…) Our notions of time and space become almost interchangeable, and the "present moment" becomes meaningless without considerable restriction so soon as relative motion is involved.

Leo Gilbert burlesques these innovations with much humour and ingenuity, and will no doubt largely prevent them being taken too seriously. Since Einstein himself has practically abandoned the principle of the apparent constancy of the velocity of light in all circumstances, and even his mathematical methods have failed to deal with accelerated motion, there is little left of the imposing mathematical superstructure, and what "craze" there was has given way before a sober appreciation of an interesting speculation on its merits. 

The reviewer was out of touch with the spirit of the scientific community. It is always dangerous to appeal to common sense in the judgement of scientific matters. This does not mean that scientific judgements should be accepted uncritically. Especially when scientific judgements are used to make philosophical pronouncements, care is required. Do these philosophical consequences really follow from the scientific discovery? For Einstein and some of the most eminent proponents of his theory, the first step was the argument from the validity of the special theory of relativity to the acceptance of the block universe as a philosophical consequence of relativity. This step depended on Minkowski's formulation of the concept of space-time, in a speech in Cologne in 1908. This concept, too, quickly established itself and most publications on the relativity theory make use of it. After some hesitation, Einstein eventually saw its merits. The second step lead from the idea of a block universe to the endorsement of an idealist view of time. Einstein did not make this step. 

To assess the impact of idealist views on time on the physicists of the 20th century it will be useful to review the philosophical ideas of the two most prominent proponents of an idealist view on time in the history of occidental thinking: Saint Augustine and Immanuel Kant. But since we have said nothing yet about the notion of the block universe let us first complete this first step. A proper discussion of this requires an understanding of Minkowskian space-time. This will be postponed till later chapters. Although Einstein acknowledged the importance of the notion of space-time, in his philosophical discussions, he made very little technical use of it. Yet Einstein embraced the idea of the block universe, at least in his early writings. Einstein's thoughts offer us a non-technical introduction into the idea of the block universe. Once we have grasped the idea, we return to idealist views on time. From there we can gain a closer look at the important notion of space-time. The notion of space-time then serves as a platform for an assessment the Philosophy of Being and the Philosophy of Becoming, both of which have been heralded as the philosophical consequence of the special theory of relativity. To conclude this chapter, we can then review Einstein's problem, Bohr's challenge and the feedback thesis.

Einstein and the Idea of the Block Universe

In his famous article of 1905, which establish the Special Theory of Relativity, Einstein said nothing about the idealist view of time or the block universe. But with relative simultaneity the paper establishes the result, which is central to the idea. In 1908, Minkowski announced the union of space and time in his concept of space-time. After some initial hesitation, Einstein eventually accepted the fruitfulness of this notion. Having shaking the traditional understanding of the uniqueness of time measurements for all observers - an everyday conception, which Newton had only tried to render more precise - he had freed himself from the grip of philosophical preconceptions of time. But it took some time before Einstein committed himself in writing to the idea of the block universe. In his paper on the General Theory of Relativity (1916), he writes 'that the requirement of general covariance deprived the notion of space and time of the last remnants of physical reality.'

As we shall see in Chapter III, Einstein had a quite different attitude towards the notion of causality in quantum mechanics. He argued persistently that physical science could not abandon the notion of causality. The notion of time, by contrast, was dispensable. We called this Einstein's problem. It is not just Einstein's problem. It is a problem for philosophy in general in so far it is willing, on the one hand accept Bohr's challenge. And on the other hand needs to judge how far fundamental philosophical concepts need to yield to empirical evidence.

In 1916 Einstein was philosophically ready to relegate the notion of time to the set of physically dispensable notions. Ironically, at about the same time, he expressed his allegiance to the classical notion of causality (Chapter III). The more conservative his response became to the budding quantum theory, the more radical his views on time became. His shaky allegiance to the block universe appeared a few years later. It came without argument and without idealist citations. His source is Minkowski, not Kant. Other physicists - apart from Laue there were Eddington, Weyl and later Gödel - did embrace Kant. For those who endorse the block universe, idealist implications are difficult to keep at bay. As his fame grew and he authored popular books and encyclopaedia articles on the theory of relativity, Einstein never endorsed an idealist view of time. For instance in his article on Space-Time for the 14th edition of the Encyclopaedia Britannica, Einstein makes the distinction between subjective time - the way each individual experiences the succession of events - and objective time - the time order of external events. But the assumption of a uniform time order for all observers had come under a cloud. The assumption that the simultaneity of external events had absolute meaning for events separated in space, was demolished by the special theory of relativity. One of its postulates is the constancy of the velocity of light (in vacuum). On the basis of this postulate

No absolute meaning can be assigned to the conception of the simultaneity of events that occur at points separated by a distance in space (…). If no coordinate system (inertial system) is used as a basis of reference there is no sense in asserting that events at different points in space occur simultaneously. It is a consequence of this that space and time are welded together into a uniform four-dimensional continuum.

From the illusion that the meaning of simultaneity is self-evident, the impression arose that this four-dimensional continuum could be broken down into 'the three-dimensional continuum of space and the one-dimensional continuum of time.' The theory of relativity destroyed this illusion. And it showed that the concept of time was not fundamental for the description of the physical world. The phrase 'time of an event' has no meaning, until it is related to a reference-frame in which the event occurs. Every reference-frame has its own particular time.
 According to Einstein's often-repeated phrase of that period, physics becomes a sort of statics in a four-dimensional continuum. Or, as he also put it: 

From a "happening" in three-dimensional space, physics becomes, as it were, an "existence" in the four-dimensional "world". 

Since there exists in this four-dimensional structure no longer any sections, which represent "now" objectively, the concepts of happening and becoming are indeed not completely suspended, but yet complicated. It appears therefore more natural to think of physical reality as a four-dimensional existence, instead of, as hitherto, the evolution of a three-dimensional existence.

 This is Einstein's expression of the idea of the block universe.
 Yet happening and becoming are not completely suspended! It was of course the worry about time, which inclined Einstein towards a static view of the universe. One consequence of the special theory of relativity was that time was not absolute. Every reference frame carries its own time and observers attached to these reference frames may disagree about temporal measurements and the simultaneity of events. How will this affect the representation of physical reality?

Classical physics, before the advent of relativity through the notion of absolute time into doubt, preferred a dynamic representation of physical reality.  In such a representation the position of a material particle changes with time. The time and space axes are clearly separated and the motion of the particle is represented as a line in a two-dimensional diagram (figure I).
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The assumption is that the time axis is the same for all observers. And it is precisely this assumption which the special theory of relativity has shown to be mistaken. As the dynamic representation requires the splitting of space and time axes, it has become inappropriate. With the disappearance of absolute time from physics, such a 'division into time and space has no objective meaning since time is no longer "absolute".'
 It may therefore be more objective to consider a static representation of reality. For the static representation we need a space-time diagram. These diagrams were first introduced by Minkowski to represent the famous union of space and time. We will give some technical details later. Here are the core ideas: First, as every reference frame has its own space and time coordinates, time and space can no longer be separated as in classical physics. Second, there is an absolute limit beyond which a material particle cannot travel. This limit is represented by the constancy of the speed of light, c. Third, from every event light signals propagate at a constant speed. To every event correspond 4 definite numbers. Three space components - x1, x2, x3 - and a time components - t (also labelled x4).  'Therefore: The world of events forms a four-dimensional continuum.' 
 Every observer assigns different spatial and temporal coordinates to an event, depending on the state of motion. But this is not the whole story. As we shall see later, Minkowski also showed that there was some absolute involved, on which observers could agree. How can an event like the motion of a particle in such a space-time continuum be represented? We place the event into a four-dimensional space-time continuum and consider how it would appear from the point of view of observers who are in different states of motion with respect to each other. We can construct the diagrams in several steps.
 As a first step let us ignore the existence of a limit, as it is defined by the world lines of the light signals. The resulting diagram looks like a conventional diagram (figure I) but there is a significant difference: the unit on the time axis is still seconds [s] but the unit on the space axis is light seconds [Ls] or the distance that light travels in 1s (300 000 km). Figure II 
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World lines are curves in space-time diagrams. They describe the motion of particles or the propagation of light signals. In Figure II, the world lines of two particles are indicated. In the first inertial system, I, the particle is at rest and the second particles is attached to the inertial system, I', which has a constant velocity with respect to I. (According to the principle of relativity, the particle attached to I' can be regarded as being at rest. Then the particle attached to I would be in constant motion with respect to I'.) We can now perform the second step and include, as limit velocities, the world lines of photons. No material particle can travel faster the speed of light, c, according to the special theory of relativity. That means that no world line of a material particle must be below the world lines of the photons. As the space axis is given in light seconds and the time axis in seconds, a light particle, which travels one second in time will cover the distance of one light second (300 000 km). So the world lines of light particles must form an angle of 45° with respect to the time axis. That means that in system I the world line of light signals, which are emitted from the origin, O,  (t = 0, x = 0) diverge at an angle of 45° into the future. They form a future light cone. Signals also arrive from the past at the origin. They converge onto the origin at an angle of 45°, constituting the past light cone at O. How are the world lines of light signals to be represented in I'? According to the special theory of relativity, the velocity of light, c, is the same for all observers, independent of their state of motion and independent on the direction of the light source. That means that for observers in I', the rise of the world lines of light signals must be the same as for observers in I.  A good analogy - an analogue model - helps to visualise and understand this situation.

So, let us suppose that we are aboard an ocean liner and we want to have a graphical record of our journey. The simplest thing to do is to take the map and at each hour, say, put a point at the proper latitude and longitude where the boat is, and write next to it the time. It is much more revealing, however, if we make a three-dimensional model and put the dot not on the map but above the intersection of the proper longitude and latitude. The perpendicular distance from map to point should be proportional to the time elapsed from the departure. If we do this each hour and finally connect all these points with a thin wire, the wire will contain in a graphical form all the information about the journey. 

This information shows not only the location of the boat, at a given time, but much more. If the wire is straight, it tells us that the boat has travelled on a straight line with constant speed. If the wire lies in one plane (normal to the map) but describing a curve in this plane, the boat was travelling on a straight line though the speed did change during the course, and so on. 

Now if we take a particle instead of the boat and note mentally in a four-dimensional space its position (x, y, z) at time t for each instant of time, we get a similar plot. Each point of the plot specifies an event, and the resulting curve is called the world line of the particle; it describes the history of this particle. The four-dimensional continuum in which the plotting takes place is called space-time. The immense importance of this concept is as follows: suppose that several different observers, each using a different inertial system of reference, are observing the motion of a particle, and each is asked to construct a space-time diagram of the motion. According to the Special Theory of Relativity, each observer will construct exactly the same curve in space-time for the history of the particle. The different states of motion of the observers (since they use different inertial systems of reference) will manifest themselves by the fact that the coordinate axes in space-time, x, y, z, t (which localize an event in space-time relative to the inertial system of reference used by the observer), will be different for different observers. The relation between these axes is given by [the Lorentz transformation]. (See Box 1)  Thus we can pass from one set of axes in space-time to another set by the Lorentz transformation.

We can easily insert the world lines of the light signals into figure II and complete the representation. This is shown in figure III.










In such a static representation, there is no place for an objective becoming or an objective now. The physical world just is. In the first part of his career Einstein contended himself to affirm the objectivity of the static picture. The further question: how the impression of change and becoming, of the flow of time came to be did not occupy him. Not yet. For Einstein did eventually entertain doubts about the block universe. For instance, he remarked to Rudolf Carnap, 'that there is something essential about the now.'
 To embrace the notion of the block universe is at the same time to agree to an idealist account of the origin of time. For if the physical world just is, then the impression of change, of becoming and the flow of time, must be located in the mind of the observer. Idealist philosophies of time from Saint Augustine to Kant drew this conclusion. Weyl and Eddington explicitly embraced the idealist view of time. Ernst Cassirer and others tried to assess the Kantian philosophy in the light of the theory of relativity.
 Einstein's views on this issue were so elusive that Nature published a brief note, entitled 'Einstein and the Philosophies of Kant and Mach'. The note reports a verbal communication, which Einstein made at a conference of the Société Française de Philosophie held in Paris in 1922. It confirms that Einstein always eschewed the issue of idealism. Responding to a question from the philosopher Brunschwicg, Einstein is reported to have replied:

Now there are two opposite points of view: Kant's apriorism, according to which certain concepts pre-exist in our consciousness, and Poincaré's conventionalism. Both agree on this point, that to construct science we need arbitrary concepts; but as to whether these concepts are given a priori or are arbitrary conventions, I am unable to say. 

The relationship between concepts and facts was essential to Einstein's thinking. In later life he came to believe that humans should use concepts freely but that the adequacy of these concepts should be subjected to the scrutiny of empirical facts. Einstein availed himself of this view in his development of the relativistic notion of time. However, in his opposition to quantum theory, he clung to a traditional notion of causality. We called this vacillation Einstein's problem. It was also present in his commitment to the block universe. After the death of his friend Besso and shortly before his own death, Einstein expressed the idea of the block universe or the static picture of reality in the following words:

For us believing physicists, the distinction between past, present, and future is only an illusion, even if a stubborn one.

But when he was invited to comment on Gödel's connection between the theory of relativity and the block universe, Einstein again eschewed the issue of idealistic philosophy. Quite 'aside from the relation of the theory of relativity to idealistic philosophy'
 Einstein considers the question of the direction of time. Without realising it, he has come to doubt the static representation of reality and therefore the block universe. Imagine we send a signal from A to B through P. This is an irreversible process. On thermodynamic grounds he asserts that a time-like world line from B to A through P in a light cone (ds2 = 0), must be given an arrow making B happen before P and A after P (see figure III).  This secures the 'one-sided (asymmetrical) character of time (…), i.e., there exists no free choice for the direction of the arrow.'
 This is true at least if points A, B and P are sufficiently close in cosmological terms. But the asymmetrical character of time is here based on a fundamental earlier-later or before-after relation. It takes time for the signal to reach A. There is an event, B, at which the signal is emitted. And there is a later event, A, at which the signal is received. Einstein had claimed that the static representation is more objective than the dynamic representation. If he now introduces elementary change - the motion of the signal - he seems to admit that world lines can develop a history. In his reply to Gödel, Einstein gives an indication that the loss of independence of the time axis need not be equated to changelessness. It is interesting to note that in one of the first books on relativity in the English-speaking world, published by E. Cunningham in 1915, a similar interpretation of the union of space and time is suggested.

The motion of a moving point through all time is represented by a single curve, the points on the curve being ordered to correspond with the succession of events in time, but the interpretation of the curve as representing an ordinary motion is not unique; it depends upon the choice of the direction in the four-dimensional region which is chosen to be the time axis.

The block universe may not be the philosophical consequence of a static view of physics. Later we shall see that authors like Grünbaum have made this clear. What does it mean to say, then, that past, present and future are an illusion? What does it mean to say that the objective physical world simply is, without happening and becoming? Does such a static world mean that every event that will ever happen is determined to happen by its past? Is it not possible that a world line, as that of Einstein's signal sent from B to A, which is ordered according to the before-after relation, constitutes a temporal sequence, a slice of time, which exists without human awareness?

Einstein consistently side-stepped the idealistic implications of the block universe. It is perhaps not surprising that Einstein also grew more suspicious of the block universe, once Gödel had claimed that the relativity theory provided 'proof' of the idealist view of time. For Einstein was a realist. This means that he was committed to certain philosophical presuppositions. He believed in the reality of a spatio-temporal causal order of the universe. And he believed that a causal order of nature was a deterministically predicable order of nature. This is very clear from his contributions to quantum mechanics (Chapter III). But how can such a causal, asymmetric order be compatible with the idea of the block universe? Einstein was not such a naïve realist to think that the spatio-temporal causal order of a real, external world was reflected, mirror-like, in our scientific theories. In fact, he held that the fundamental concepts and laws of a scientific theory were free inventions of the human mind. And that 'a theory can be tested by experience but there is no way from experience to the setting up of a theory.'
 

Although Einstein embraced the block universe, as a philosophical consequence of the special theory of relativity, his allegiance stood on shaky grounds. Becoming, change, happening and time are not completely abandoned.

(…) in respect of its rôle in the equations of physics, though not with regard to its physical significance, time is equivalent to the space co-ordinates (apart from the relations of reality). From this point of view, physics is, as it were, a Euclidean geometry of four dimensions, or more correctly, a statics in a four-dimensional Euclidean continuum.

Furthermore, the static representation of physical reality in a four-dimensional continuum may be more objective, in view of the relativity of simultaneity. But Einstein never argues that the static picture entails the block universe.  Given his Popperian characterisation of scientific theories, he would have found it hard that infer the block universe from the static representation of physical reality. Einstein was not alone. Laue, too, was careful to point out that Minkowski space-time was only 'a symbolic representation of certain analytic relations between four variables.'
 And let us not forget that Einstein indicates, in his reply to Gödel, that world line have a history. 

 We have gained an impression of the block universe and how it could arise from the special theory of relativity. But how can we show that a static representation of physical reality entails a static world? In search of an answer for our questions, we must turn to the philosophical views of some of Einstein's most prominent contemporaries. Men like Weyl and Eddington (Jeans?) were not afraid of embracing the idealist view of time, especially the Kantian view. They firmly believed in a static physical world of being. The world of becoming was only a human illusion. They made the step from a static representation to a static world. If physics demonstrated the reality of the block universe, philosophy provided the philosophical foundation to this view in the form of the Kantian philosophy of time and space.

The Step to Idealism

 We have already observed that Max Planck hinted at an idealist interpretation of the notion of time in the special theory of relativity. Planck observed that 'the principle of the constancy of light had made an absolute determination of time, i.e. one that is independent of the observer, utterly impossible.' In one of the first full-length studies of the special theory of relativity, Max Laue made the step to idealism explicit. The relativity principle attributes a particular time to each coordinate system. But this does not mean that our knowledge of the external world has become opinion. Kant's philosophy can be used to show that although knowledge depends on the observer, this does not render knowledge claims subjective. Einstein's philosophical audacity lay in his destruction of the traditional prejudice that a unique time existed for all reference frames. 

However great the transformation is into which he forces our whole thinking it harbours not the slightest epistemological difficulty. For time and space are, in Kant's terminology, pure forms of intuition; a scheme, into which we must order the events, so that they take on objective meaning - in contrast to subjective, highly accidental perceptions. It is therefore one of the conditions of the possibility of the objectivity of experiential facts.

For instance, two astronomers situated on planets in relative uniform motion to each other will attach different time coordinates to their observations. But these time coordinates refer to different systems. And the so-called Lorentz transformations (Box 1) allow a translation of one set of observations into another. It is, one may add the analogy, like Celsius and Fahrenheit temperature scales used in different countries. These can be translated into each other.

Laue's words show very clearly that the physicists did not operate in a philosophical vacuum. Laue was the first but by no means the last physicist to appeal to Kantian notions of time to spell out what they took to be the philosophical consequences of the special theory of relativity. Later Eddington, Gödel, Gold and Weyl, amongst others, were to draw similar conclusions. Laue, however, does not appeal to the block universe. He only stipulates compatibility between Einstein and Kant. This compatibility takes the form of coexistence between physics and philosophy. Relativistic physics showed, in the words of Hermann Bondi
, that the concept of a unique universal time had to be abandoned. Time is only what a clock tells us. This was not alarming, as philosophy already had provided a conception of time, which seemed to be compatible with the consequences of relative simultaneity. But Eddington, Weyl and others go further than Laue: from relative simultaneity to the block universe and an idealist view of time. 

Let us briefly pause to summarise our findings. 


Gödel pointed out that the special theory of relativity provided 'unequivocal proof' for the idealist view of time.
 The idealist view of time holds, roughly, that temporal awareness is built into the human mind as category of perception (Kant) or that the passage of time (change) appears to the mind as it experiences changing perceptions (Saint Augustine). Although both defended an idealist view of time, Saint Augustine develops a subjective version, Kant an objective version. This will be the topic of the next section. How can the idealist view of time at least find support, if not proof, in the special theory of relativity?

 To see this connection, consider the views of Weyl and Eddington. We shall witness a surprising connection between physics and philosophy.
 Minkowski was the inspiration for the block universe.  Kant was the inspiration for an idealist conception of time amongst physicists. Kant's idealist philosophy of time had been a mere philosophical speculation. The theory of relativity seemed to offer it scientific credibility. The theory of relativity, under Minkowski's representation, seemed to demonstrate that time did not belong to the physical universe. If the events of the universe are stretched out to infinity, like the frames of a film
, then time and change are a mere human illusion. The theory of relativity seems to have a tremendous philosophical consequence: the physical world is mere being, the human world is illusory becoming.  

In the jigsaw puzzle of these fundamental notions, relative simultaneity dovetails nicely with an objective idealist view of time, without any commitment to the block universe. But add the latter piece and you purchase more than a static view of physical reality. An endorsement of the block universe does not only entail an idealist notion of time, it also entails a commitment to determinism.

Of the physicists of Einstein's generation, Weyl and Eddington (Jeans) were the most outspoken defenders of the view that the block universe was a philosophical consequence of the discovery of relative simultaneity. Later generations continued to claim that the special theory of relativity demonstrated that physical reality was static. Equally prominent physicists, men like Planck, Bohr, Heisenberg devoted their attention to the burgeoning quantum theory. Their philosophical worries concerned the notions of causality. But in their view, discussed in Chapter III, that quantum discoveries demonstrated the acausality of the microworld, philosophical assumptions about determinism and causality meet. Determinism also played its part in the conception of the block universe. 

According to Eddington and Weyl, the theory of relativity has destroyed the classical edifice of the natural world, which made time and space real features of the physical world. The passage of time - becoming - was seen as the 'real progression of the world in time'. But the special theory of relativity extirpates time and space from the physical world and relegates them to the status of secondary qualities. Just like colour does not belong to a physical object, but is the transformation of light waves from an object into human perceptual awareness, so time and space are subjective sense qualities. Kant was the first to show that time and space were only forms of perception. Now Kant has been vindicated by Einstein's revolution.

In the realm of physics it is perhaps only the theory of relativity which has made it quite clear that the two essences, space and time, entering into our intuition have no place in the world constructed by mathematical physics.

The world of physical reality is a four-dimensional space-time structure, with no separation between time and space. Reality

is a four-dimensional continuum, which is neither "time" nor "space".  Only the consciousness that passes on in one portion of this world experiences the detached piece which comes to meet it and passes behind it, as history, that is, as a process that is going forward in time and takes place in space.

Laue showed the possibility of endorsing a Kantian view of time without commitment to a block universe. Cunningham indicated that the succession of points on a world line constituted a history. This means that a timeless world need not be a changeless world. With his considerations of the arrow of time Einstein began to entertain doubt about the validity of the block universe. Weyl relegated even history from the realm of the physical world. Eddington completed this step. There is no change in the physical world. All is static. 

In a perfectly determinate scheme the past and future may be regarded as lying mapped out - as much available to present exploration as the distant parts of space. Events do not happen; there are just there, and we come across them. (…) We can be aware of an eclipse in the year 1999, very much as we are aware of an unseen companion to Algol. Our knowledge of things where we are not, and of things when we are not, is essentially the same.

Eddington explicitly introduces the assumption of a deterministic world. Determinism is an essential ingredient of the picture of the block universe. For Eddington the true analogy of the four-dimensional world, with its union of space and time, was a solid block of paper.  If the four-dimensional continuum can no longer be divided into past, present and future, since time depends on the motion of the observer, and now has no objective meaning, then, as J. Jeans states, 'the whole history of the universe, future as well as past, is already irrevocably fixed (…) and inescapable determinism reigns.'
 

{ Also observe question of determinism > see Jeans, Physics and Philosophy Ch V., Bondi , Letter to Nature in his book Annahmen, Pauli, Relativity - there are some good diagrams in Norton, in Butterfield's spacetime, on STR and determinism, see Stein in Butterfield; also Rietdijk, Rigorous Proof of Determinism, 1966}

The world of physical events is laid out like a map. As the Minkowski space-time view was difficult to comprehend, physical understanding produced new models to present the four-dimensional world. The map analogy became an important feature of the special theory of relativity literature. Terms like light cone, lamination and slicing were also introduced to capture the thinking behind Minkowski's four-dimensional world. Let us consider these attempts at physical understanding in turn.

· Maps. The history of the universe is a map of the worldlines of all particles through four-dimensional space-time.
 (Figure IV) There is no indication of the flow of time. Worldlines of particles at rest are presented as straight lines. Particles moving with a constant velocity are indicated by straight lines but inclined at an angle of less than 45° with respect to the stationary particles. Accelerated particles are indicated by curves. Note that the knowledge of nature consists in the knowledge of the intersections of worldlines. Einstein and others pointed this out.
 

If we concentrate on a particular point of a worldline, at a particular event in space-time, we observe that line cones stretch out from each particular event in space-time. One light cone opens up into the future, another into the past.

· Eddington's solid block of paper
 captures the idea of a four-dimensional continuum and the observer-dependence of the separation of space and time. Each observer, depending on the state of motion, will slice the block differently. The lamination planes at different angles indicate the respective observer's perspective on simultaneity. The special theory of relativity only allows relative simultaneity. For any observer, events are simultaneous if they lie on a plane, which lies perpendicular to the observer's path through space-time. (Figure V)


Figure V: Lamination of Space-time Block by different observers

· Light Cones. The most popular representation of the geometry of the four-dimensional world is that of light cones. Future-directed and past-directed light cones issue from every event in space-time. The boundaries of the light cones are formed by the light signals, which diverge from a particular event in space-time or converge onto such an event. This makes sense, since it is a postulate of the special theory of relativity that no signal can travel faster than light. So the worldlines of the photons constitute the boundaries which no other worldline of a material particle can cross. Light cones, which converge onto a given event, constitute the past of this event. Light cones, which diverge from a given event, constitute the future of this event. (Figure VI) Within the light cones, the worldlines of particles are either straight lines, perpendicular to the t-axis (rest), straight inclined lines (constant motion) or curved lines (accelerated motion). Events within the light cones converging onto an event, or diverging from an event are said to be time-like connected. This means that it will be possible in principle to establish a causal or other connection between two events within a light cone. Events, which lie outside each other's light cones, are space-like connected. They cannot be reached by a causal signal. Events, which lie outside the region of causal influence of an observer, are said to reside in Elsewhere.



Let us now concentrate on a particular event, E at the space-time point near the Here-Now. Two observers, moving into their forward light cone, pass the event, E. One observer is at rest, and the other observer is moving with constant velocity relative to the first observer. Each observer must specify four data to describe the event. The stationary observer will use the coordinates (x, y, z, t), the moving observer will use the coordinates (x', y', 'z, t'). What events these observers judge as happening simultaneously is relative to their state of motion. (Figure VI)















As the simultaneity planes of the two observers do not coincide, the two observers do not judge the same events as being co-present with E. There is thus no absolute sense of Now. Hence the separation of the four-dimensional order into space and time coordinates depends on the state of motion of each observers. The lamination of space-time yields different Nows. Space and time seem to be relegated to the observer and the special theory of relativity seems to vindicate the Kantian view that temporal and spatial judgements have their source in the minds of the observer. 

Nevertheless, even if the Now becomes observer-dependent, there is an important relation, which, in a sense, remains absolute. Events within a light cone follow an absolute causal order. Only events prior to E can have a causal influence on events on the simultaneity plane E. And this causal order is the same for all observers, which stand in a time-like connection to each other. For such observers the causal order cannot be reversed. Reversal of causal order can only occur for events, which are space-like connected. This special feature of space-time was already recognised and emphasised by the early proponents the Minkowski interpretation of the special theory of relativity.
   The absoluteness of the causal order for time-like connected events plays an important role in the assessment of the block universe. We shall come back to it. 

An idealist philosophy of time lay ready for the physicists to employ in the service of their purpose. The four-dimensional space-time continuum could be sliced at different angles, depending only on the state of motion of the observer. This was the consequence of the new notion of relative simultaneity. The separation of the natural world into spatial and temporal components lost its objective meaning. It was natural for the physicists to borrow philosophical elements from the larger cultural background to complete their relativistic worldview. Kant became the inspiration for an idealist conception of time amongst physicists. It seemed to be the natural complement of the block universe. In this strange Kant-Einstein-Minkowski jigsaw, let us review the main tenets of an idealist philosophy of time

Saint Augustine (354 - 430 AD)
Saint Augustine's reflections on the notion of time can be interpreted as an early conception of an idealist view on time. Saint Augustine was led to a discussion on the notion of time by reflection on such questions as "What was God doing before he made heaven and earth?" Saint Augustine rejects this question as nonsense because he argues that when there was no creation, there was no time. But this answer then leads to the question, "What is time?" Saint Augustine seems to have an interesting suggestion in mind: for there to be time, there must be some creation or, in other words, there must be some material events happening. So, where there is a total void, there is no time. God then is the creator of time for Saint Augustine. But this only answers part of the question: time is co-existent with creation but not co-eternal with God. Given that some form of creation (= material universe) is necessary for the existence of time, what is time itself? Saint Augustine gives a further clue: 'no time is co-eternal with God' - he writes - 'because God never changes; whereas if time never changed, it would not be time.' (Confessions, Book XI, §14) This seems to imply that there is only time where there are physical changes. From this Saint Augustine concludes:

· If nothing had passed, there would be past time

· If nothing were going to happen, there would be no future time

· If nothing were, there would be no present time.

So time seems to reside in changing events or, in other words, in the passage from future to past events. If the crucial aspect of time is the passage from future to past, when does time actually exist? The past no longer exists and the future does not yet exist. So maybe the only time, which really does exist, is the present.

But when is the present? As words cascade from a speaker's mouth, words recede irretrievably into the past. Is the present than just in the words the speaker utters at the moment? No, even the utterance of one word takes time and involves a passage from the future to the past. Does the present reside perhaps in the utterance of just one syllable? But even this takes time. As long as some event has duration we can divide it into future and past. The present, then, concludes Saint Augustine, has no duration.
 

Still, Saint Augustine continues, we seem to be able to measure time. We are aware of units of time or periods of time.  But we cannot measure the past because it has gone, nor can we measure the future because it has not yet arrived. The conclusion is that we can be aware of time and measure it only while it is passing. (Confessions, Book XI, §16) But how do we measure the present time, if it has no duration (§21)? 

Saint Augustine dismisses Plato's suggestion that time is constituted by the movement of heavenly bodies, because time continues even when there is no such movement. He appeals to a passage in the Bible (Joshua 10:13) according to which 'the sun once stood still in answer to a man's prayer so that he could fight on until victory was his, the sun indeed stood still but time continued to pass.' (§23) In addition, we always measure the movement of bodies in time, never time by reference to the movement of bodies, including the sun. We seem to have a problem: we cannot measure the duration of moments in the past or future because they have either gone or not yet arrived. Nor can we measure the present because it has no duration. Yet we do measure time. 

Saint Augustine was right. During his lifetime the passage of time was measured by the use of shadow clocks and water clocks (clepsydras). The mechanical clock was not to be invented for almost another thousand years. Its uncertain origin is dated between 1271 and 1300. Yet Saint Augustine's solution to his puzzle makes no appeal to shadow or water clocks. He arrives at the conclusion that time is measured in each person's mind. The measurement of time is not objective. Things and events pass from the future into the past. What is measured are the impressions, which things and events that pass leave on the perceiver's mind. So we do not say, 'past time is long', because the past no longer exists. We say that a long past is a long remembrance of the past. And a long future is a long expectation of the future. The duration of the present moment is captured by the attention, which the mind devotes to it. (§28) Saint Augustine uses the analogy of a passing sound - a noise - to illustrate the passage of events from the future to the past. Imagine you stand on a hill overlooking a tennis court some distance away. Two tennis players are hitting the ball across the net. You will see them hitting the ball before you will hear the hitting of the ball. Sound travels at a much slower velocity than light. When you see the ball being hit, the sound still lies in your future. You cannot measure it. When the sound waves reach you, you can register the sound. Then the sound passes into the past. You will no longer be able to measure it. 

Saint Augustine's idealist view of time has severe limitations. 

1. Time has no objectivity. There is no clock time. Yet Saint Augustine starts his reflections with the observation that there can only be time where there is physical change. Events must be ordered according to a 'before-after' relation. Saint Augustine's idea that time resides in changing physical events anticipates Leibniz's relational theory of time. According to the relational view  time is the succession of events. The human mind records the succession of these physical events and thus forms a notion of time. Saint Augustine's view can be described as a relational-idealist view of time. He shares with Leibniz the view that events are ordered according to an objective 'before-after' relation. This relation does not depend on human awareness.  But unlike Leibniz he lapses into idealism because he replaces the 'before-after' relation by the past-present-future relation. The latter depends on human consciousness. But in this respect Saint Augustine also differs from Kant. Saint Augustine makes the awareness of the past-present-future relation dependent on individual minds, while Kant builds into the structure of the human mind. 

2. Saint Augustine's insistence that the passage of events from future into past leaves impressions on the minds of individual perceivers makes him the originator of the concept of psychological time. Modern psychology has studied the psychological experience of time as a function of both the influence of a person's age and the influence of chemical substances. This is an interesting discovery but it does not answer Saint Augustine's original question, 'What is time?'

3. Saint Augustine's assumption that time is mathematically divisible into infinity has been questioned by modern physics. There may exist a shortest moment of time - the Planck time.

Saint Augustine is led by logical reasoning to the conclusion that time cannot exist as a feature of the physical world. Yet there are objective elements in our understanding of time, which cannot be regarded as purely conventional.
  Thus it is purely conventional that the day has 24 hours or that a month may have 30 days. But apart from these conventional units of time there are natural units of time, which are independent of human conventions. The longest and shortest days of the year, the summer and winter solstice, the orbit of the earth around the sun provide natural units of time, on which many of the conventional units of time are based. Saint Augustine admits that there is a succession of events stretching from the future into the past (§27) and this leaves an impression on the mind. The succession of events is objective, at least this is true for time-like connected events. However this does not give us a metric to measure the duration of time between two events. Saint Augustine suggests that the mind provides such a time metric. This choice is conventional, since even at Saint Augustine's time water clocks and shadow clocks existed which could have given a rough measure of the duration between two events. These were very primitive clocks but their accuracy would have been better than the attention, memory and expectation, which serve as metrics in Saint Augustine's philosophy of time.
 The choice of the metric is purely conventional but metrics differ in their accuracy. What is not conventional is the occurrence of the events and that they are separated by intervals between the earlier and the later event. (Again the relativistic limitation to time-like separated events must be taken into account.) Saint Augustine make an implicit distinction between two relations. There is the 'before-after'- relation: we are only aware of time where there is change in the physical world. This change affects the human mind. The past-present-future-relation requires human awareness. It belongs to the categories of the human mind and gives rise to a subjective measurement of time. (Time itself does not exist because the past is gone, the present is infinitely divisible and the future has not yet come.) As Saint Augustine treats time as an extension of the mind, his notion of time is subjective. Saint Augustine introduces a concept of psychological time. Saint Augustine's notion of time is an idealist-subjective view of time, since time is measured in individual minds as a result of impressions left on it through passing events. Saint Augustine's notion of time was developed long before the invention of the mechanical clock (around 1271). He does not conceive of the notion of physical time, which became prominent with Galileo and found its ultimate expression in Einstein's Special Theory of Relativity. According to the notion of physical time, time is what our clocks measure. This is not a fully-fledged notion of time, since it leaves out both psychological and social aspects of time. But it is a thoroughly objective notion of time. 

There is a final aspect, which is implicit in Saint Augustine's conception of time: he makes the assumption that time is mathematically divisible into infinity. This assumption is possibly mistaken. Time may have a quantum nature
 which means that there is a shortest possible time interval, which is determined by the time a light signal would take to cross the electron.

Immanuel Kant (1724 - 1804)

Kant defends an idealist view of time but not in the subjective sense, in which Saint Augustine defended it. According to Saint Augustine, time can only be measured if the mind (of the individual) can record an impression left on it by the passing of external events. But he failed to explain how the mind could be an accurate chronometer for the external order of physical events. He was a pioneer of the study of internal time.

Kant grasped the crucial distinction between the temporal order of our ideas and that of external objects.[?] Kant denied that the concept of time was derived from experience, and he denied, against Newton, that time had any claim to absolute reality. In his view, the concept of time does not inhere in object but merely in the subject, which intuits them. Time and space are pure forms of intuition.
 This position leads to an objective idealist view of time. 

Kant proposed his view as a solution to the puzzle of time and space because he found the Leibnizian and Newtonian views unsatisfactory and because of his formulation of the antinomies of time (Critique B454). Leibniz gave an empirical explanation how the notion of space and time originate. Men consider that 'several things exist at the same time and they find in them a certain order of co-existence.'
 By implication, when they observe 'this order in relation to the successive position of bodies'
, they form the notion of time. 

Kant made some fundamental objections against empirical notions of time and space, derived from experience (Critique B37-53). He says that the experience of things or objects in a spatial and temporal order already presupposes the availability of the notions of space and time. We can imagine a space without objects but no objects without spatial arrangements. Equally we can imagine time without events but no events without temporal arrangements. Time and space are necessary conditions a priori of the possibility of experience. Furthermore, time and space are not general concepts - basically because we represent to ourselves only one space (Critique A25) and one time (A32, A189).
 Time and space are pure forms of intuition. 

Kant's position amounts to two claims regarding time:

· The affirmation of the empirical reality of time. By this he means the objective validity of time in respect of all objects, which may be given to our senses. All objects we experience, we experience as temporally ordered.

· The denial of all claims as to the absolute reality of time. Kant denies that time belongs to things absolutely or is a property of things. His main reason is that time could not be observed as a property of things (A36).

Kant observes that if humans are deprived of their sensibility, then the representation of time vanishes. This is not only an idealist view of time. It is an objective idealist view of time. According to Kant time does not inhere in the objects but merely in the subject, which intuits them (Critique A35). And all human subjects possess this form of intuition. 

Although Kant speaks of time or the representation of time, he leaves us in some confusion as to how time is to be represented. It is clear that he excludes the subjective experience of time, as Saint Augustine defended it. But does the representation of time mean clock time or physical time or merely some ordering of events according to the 'before-after' relation? Clock time or physical time has conventional aspects and is based on natural units of time. If time and space are pure forms of intuition, does this simply mean that a metric of time could not exist without human awareness? Or are we also to deny that natural events are subject to a 'before-after' relation irrespective of human awareness?

Kant thought that the impossibility of perceiving both spatial and temporal events without some pre-existing spatial or temporal form dealt with Leibniz's empiricist explanation of the origin of these notions. He also considered that this idealist view of time was confirmed by a consideration of the application of the concept of time to the whole universe. Or by the treatment of time as a cosmological concept, which far exceeds our experience. (Although Kant makes no reference to Newton, this could be a criticism of Newton's absolute time, understood as a metaphysical concept.
) Kant tried to show that a metaphysical notion of time involved us in antinomies. (Antinomies are contradictions between two theses, which by themselves are coherent. Only when conjoined do the theses produce a contradiction.) To give a flavour of Kant's reasoning, this involves showing (Critique B454ff) that both the thesis

· 'The world has a beginning in time, and is also limited as regards space' (i.e. finite in time and space)

and the antithesis
· 'The world is infinite in both time and space'

can be consistently established. Because these contradictory claims could be upheld separately, Kant concluded that the concept of time was inapplicable to the universe.
 Our interest is limited to the second proof (of the antithesis), for here Kant gives an interesting argument for rejecting the idea that the universe was created in time. Thus the second proof tries to show that the universe could not have existed for a finite part of an infinite past. This means that Kant, in this proof, rejects the notion of empty time
, because no coming-to-be (Entstehen) is possible in an empty time (B455). No part of an empty time has a distinguishing condition of existence. And Kant excludes that from non-existence things can arise either of themselves or 'through some other cause.'

Thus Kant's idealist view of time was motivated by his rejection of an empirical explanation of the genesis of the notion of time (Leibniz) and by a consideration of the inconsistencies, which arise when we deal with purely metaphysical or transcendent notions. It is, however, a matter of interpretation whether Newton's notions of absolute space and time should be dismissed as useless speculations or whether these notions provided the philosophical prerequisite for the formulation of Newton's laws. In his Principia Mathematica Newton is at pains to stress that his notions of absolute space and time are subject to empirical testing. They do not lead to direct empirical tests but they can be indirectly inferred from Newton's thought experiments. But Leibniz saw in Newton's notions of absolute space and time only untestable speculations. Kant seems to have followed Leibniz in this interpretation. This then led to his thesis that time and space were pure forms of intuition.

There is a problem with the internal structure of Kant's position.  It is the systematic ambiguity in his views on time. When he speaks about the representation of time, does he mean clock time, conventional units of time or the 'before-after'-relation? Presumably he means by time the ability of the human intellect to construct temporal relations (just as we can speak languages or perceive certain colours and hear certain sounds). In this sense, material things do indeed not posses the temporal properties, which we ascribe to them. Material things do not carry dates and do not possess the properties of past, present and future. But irrespective of these temporal properties, things stand in temporal relations of succession with respect to each other: some things are before, some things are after other things. The relation of succession is independent of our perception or awareness of this temporal relation. In this sense, time does not vanish when human consciousness vanishes. According to Kepler's third law, a planet's orbital period, P, around the sun is related to its average distance, A, from the sun, by the mathematical relation, P2 = A3. A planet's period is a perfect illustration of the 'before-after' relation: before the planet completes its present orbit around the sun, it completed another orbit around the sun and after completion of its present orbit it will complete another orbital period. This is not dependent on human awareness or humans' pure forms of intuition. On the basis of a planet's period it would be possible to construct a calendar and even a clock. The orbit of the earth has traditionally served as a basis for a calendar. But a calendar has conventional aspects, which are subject to change - like, for instance, the length of the months. The construction of the calendar with its conventional aspects is dependent on human awareness and conceptualisation. Human ability to conceptualise the events of the material world is important for extending the edifice of knowledge. In this respect the Kantian view is formulated in the framework of Newtonian mechanics, with its assumption of absolute time and space. Although Kant rejected the latter assumption, he shared with Newton and all pre-relativistic thinkers the idea that we represent to ourselves only one time and one space. Einstein has taught us that this is the result of our myopia. We experience a world of macro-objects. We deal with everyday experiences. The world of macro-objects does not reveal the relativity of spatial and temporal intervals. Einstein's discovery that observers measure different temporal and spatial intervals, depending on their reference frames, was taken by many relativists (as the proponents of the relativity theory were once called) as further evidence of correctness of the idealist view of time.

Leibniz and Mach called the succession of events, irrespective of human awareness, time. Humans construct a concept of time on the basis of the experience of the succession of events. Kant objected that humans could have no experience of time and unless they already perceived events according to pre-existing forms of intuition. These he called space and time. But if there are alternative explanations of the genesis of the spatial and temporal sense in humans, as suggested by evolutionary and psychological studies
, then we may not need to move from 'time is presupposed in all experience' to 'time and space are pure forms of intuition'.

Kant's own evolutionary theory of the cosmos
, in which he stipulates the creation of order out of chaos, shows that he made use of the 'before-after- relation. Humans are a late addition to the cosmic order. Cosmic events, according to Kant, went from chaos to order, as in the formation of stars and galaxies. These phenomena of succession occurred in the universe long before the appearance of humans. Evolutionary processes have also equipped animals and plants with 'internal clocks'. We have no reason to suspect that animals and plants possess temporal awareness. We have no evidence that animals are capable of conceptualising temporal events. Nevertheless it is essential for the survival of animals and plants to respond to periodic changes in the environment. We have reason to believe that higher animals must have an experience of the succession of events. This can be brought to the fore by training.
 [Whether Kant's theory contradicts or is compatible with STR is a matte of dispute; Reichenbach says 'no', Cassirer says 'yes', etc.}

On the Passage of Time

The passage of time is relative; it depends on the observer's velocity. (Scientific American, January 2000)

Saint Augustine has defined the philosophical problem of time. Firstly, logical reasoning about time seems to lead to the conclusion that time cannot exist, for the past is gone, the present is durationless and the future has not yet arrived. Yet, it is clear, secondly, that there is a passage of time and therefore that there is time. Saint Augustine recognised that for there to be time, there had to be events. But then he identified time measurement as purely subjective, i.e. as an extension of the mind. It is only in the mind that we measure time.

This is unsatisfactory, since Saint Augustine reduces time to psychological time. We may hope to say something about physical time. Psychological time is just the way the passage of time appears to the individual and this may depend on psychological and biochemical factors. Physical time is clock time according to Galileo and Einstein. Both notions are grounded in physical events. Galileo measured time intervals for balls rolling on inclined planes against the amount of water that would flow from a container during the ball's trajectory. Einstein used the transmission of light signals to synchronise clocks between distant observers. 

We may hope to formulate a relational view of time, which does not equate time with psychological awareness of duration. Leibniz held

that time is nothing apart from temporal things; instants apart from things are nothing; time only consists in the successive order of things.

So apart from our earlier observation, following Saint Augustine, that for there to be time there must be creation or that time is only where there is matter and where things happen, we add, following Leibniz, that time must lie in the succession of events. The relationship between the phenomena from which the concept of time is developed is seen to be the 'before-after' or 'earlier-later' relationship.
 This is the most fundamental temporal relation, which cannot be explained in terms of anything else.

If time is derived from the succession of events, then we must say that only the present is real because only the events, which are actually occurring, are real. Past and future are not real for the events they consist of are not occurring. We do not have to accept Saint Augustine's conclusion that the present is durationless, and hence that time has no objective existence. In fact, Saint Augustine's finding that the present is durationless is based on the mathematical idealization of the infinite divisibility of time. But this is not an actual characteristic of physical time. It is thought that there exists a minimum physical amount of time, i.e. a chronon. This sets the stage for temporal atomicity. Just as there can be no continuous amount of energy but quanta of energy, so there can be no infinite divisibility of time. There is a quantum of time whose magnitude has been calculated to be 10-23 or 10-24 seconds. This would be the shortest possible time.

So far we have spoken of time as the succession of events, based on the fundamental relationship of 'before-after'. What about the more traditional division of time into past, present and future? Should we say that past, present and future also belong to physical events or should we say that these notions depend on human consciousness? Is the passage of time or the transience of the present a feature of the physical universe or a contribution of consciousness? The block universe interpretation of Minkowski space-time holds, as we have seen, that transience is an illusion. Time does not pass in the physical universe. This interpretation has found many followers amongst physicists. In an early introduction to the special theory of relativity Cunningham observed, what Einstein indicated in his comment on Gödel: that a world line has a history. It is also important to remember that transitional changes between system states are an important feature of physical and biological systems. The past state of a system may have a significant influence on its present state. Kant's evolutionary theory of cosmic history argues this point. It assumes a deterministic evolution of cosmic history from chaos to order through the workings of mechanical laws. Darwinian evolution is a statistical model of how random genetic changes in an organism and natural changes in the environment will favour some species and disfavour others. The present state of the organism will have a significant impact on its future success in an ecological niche. So the 'before-after' relation can be enhanced by an incorporation of transitional changes without yet invoking human awareness.

So can the past, present and future exist as well as the transitions between them, without the presence of human consciousness? Or is this situation similar to the one in which a physical event occurs - say the emission of waves of a certain range of wavelengths - which only becomes a certain type of event - 'music' - because of the presence of creatures equipped with higher forms of consciousness? In other words: Is the passage of time a primary quality in the physical world or a secondary quality in the mind of the observer?

The passage of time is a beguiling image. The image suggests that there is an entity called time, which undergoes a continuous movement into the future and leaving a riverbed in the past. In this image time is like an eternal river, which marks the passage of time. This is essentially the Newtonian image of time: absolute, true and mathematical time, in Newton's enduring phrase, 'flows equably without relation to anything external.' In the Newtonian image, time is a primary quality.  In the special theory of relativity the passage of time became inextricably entwined with the state of motion of an observing attached to a reference frame. There are many rivers and they do not flow 'equably'. In fact, the block universe interpretation seems to suggest that there is no flow at all. The physical world is static, and the observers 'create' time by slicing the block of paper according to their coordinates. In the Minkowskian image, time is a secondary quality. Although Saint Augustine and Kant, on the one hand, and Leibniz and Mach, on the other hand, stand on opposite sides - for Saint Augustine and Kant time is a secondary quality, for Leibniz and Mach time is a primary quality, though not in the Newtonian sense - they share the view that what underlies the impression of time is the succession of events in the external world. The special theory of relativity, too, is fundamentally committed to the view that there is change in the physical universe. Physical events propagate at a finite velocity, which is lower than the velocity of light. The propagation of physical events at a limited velocity means that there is a succession of events in the physical universe, which is governed by the 'before-after'- relation. Now both Saint Augustine and Leibniz share the view that there is only time where there are physical events and changes. But Leibniz equates the succession of events with existence of time. For Leibniz the human notion of time is a learned concept, acquired from empirical experience with the succession of events. Saint Augustine and Kant, however, equate time with human perception of the succession of events. Thus for Kant and Saint Augustine, there is no time in the physical universe. Time is always associated with human experience of physical events. For Leibniz, a falling tree makes noise. For Kant, a falling tree makes noise only in the presence of a human observer. The idealist view of time offers a richer conceptual network of temporal concepts. When the perception of time is associated with human awareness of time, the familiar temporal aspects of time - before and after, past, present and future, transition and becoming - seem to constitute what is meant by time. In the Leibnizian identification of time with the succession of events, only the 'before-after'-relation characterises this minimalist notion of time. Then the perception of becoming and transition, the passage from past to future requires human awareness. Conceptual awareness divides events into past, present and future and offers the image of a passage of time from past to future. In this image time is a secondary quality. But the passage of time can be construed as a primary quality. If time is a succession of events in the physical world, a change from an earlier to a later state, then this change of physical events constitutes the passage of time. And human conceptual awareness only helps to differentiate these events first into past, present and future and further into calendar dates. The events themselves do not change with respect to being future, present and past. The date at which an event occurred is not a further physical property, which must be specified. Events carry no dates.
 

John E. McTaggart produced a famous argument, and distinction, according to which he denied the reality of time. According to McTaggart's idealist view of time it makes no sense to attribute the properties 'past', 'present', 'future' to physical events. Hence time is unreal.
 Here again we encounter a static view of time: events are ordered according to the 'earlier-later' relation. Events do not change with respect to being past, present, future.

McTaggart argued that there were two ways of talking about events in time. A sequence of events ordered according to the 'earlier-later' relation (or 'before-after' relation) will be called B-series. A sequence of events ordered by the degree to which they are either future, present or past will be called A-series. It is obvious that the A-series depends on human conceptualisation. An A-determination of an event ascribes a position in the A-series to a particular event - it gives a date for this event. (Dates are conventional units of time, which must be co-ordinated with natural units of time.) A-statements, unlike B-statements, have different truth-values at different times. For instance, it will be true today to say that John will come tomorrow. But tomorrow it will be false to say that John will come (the day after) tomorrow. These changing truth-values do not affect B- statements. If A comes before B, then it is logically impossible to reverse this order.
 So we have a contrast between two different views of time.

But according to McTaggart
, the belief in temporal properties - that, for instance, 'past' is a predicate of events - is incoherent. Temporal properties are mutually exclusive and yet every event possesses all three at different times. This leads to an infinite regress: we can always ask, 'At what time does an event possess these properties?'

By employing a modus tollens, McTaggart tries to show that time is unreal:

One problem with McTaggart's argument is that it confronts conceptualisation with physical reality (A-series with B-series), without seeing that there must be an interaction between the two series. Of course, without appropriate conceptualisations it is impossible to say how much time has passed since, say, the founding of Rome. Just as it would be impossible to say how far galaxies are away from the earth. But this is not to say that the temporal distance of events is not measurable. For instance, time could be measured by the number of revolutions of the earth around the sun. There is no need for a conscious observer. There are already natural clocks in the universe, which order objects according to a 'before-after'-relation. But it requires the conceptual awareness of a conscious observer to speak of past and present events, and of future events. As Saint Augustine showed, the recording and memory of past events, the awareness of present events and the anticipation of future events require conceptual consciousness.

In the absence of any conceptualised awareness, events just seem to happen. They seem to be related to each other along an earlier-later line. Event A is earlier than event B, which is later than event C. On such a scale, an event being much later than some earlier event means that between these events a lot of other events have happened - or t2 is not immediately preceded by t1. The existence of natural clocks would give an indication of how much earlier. But such an ordering of natural events according to the 'before-after'-relation does not imply a world of static being. For an proper appreciation of the block universe, it is important to realise that 'timelessness is not the same as tenselessness.'
 The 'before-after'-relation gives us a tenseless way of speaking about the world. If event E1 is before event E2, then it will remain so to eternity. But this does exclude physical change in the universe. To establish the block universe, a separate argument is required. 

The 'before-after' relation between events has often been associated with a static view of the universe, as it is encapsulated in the idea of the block universe. This may be an impoverishment of a physical view of the universe because some events are related by much stronger links than 'before-after': causal links, thermodynamic links, functional links - all these tell us more about how two or several events are related than the 'before-after' relation. These are structural links existing in the natural world. It is true, of course, that there is no entity called time which, like a river, flows, independent of actual events. Nor are dates properties, which events possess. This leads indeed to inconsistencies. But this is not to say that there is not some intermediate position, which assigns temporal relations to events, which go beyond the static picture of 'before' and 'after'. Initial conditions of physical systems may be a function of time, which qualitatively change the very nature of the system.

Would there be an indication in such a system that a present state is a transitional state or does the transience of the now (the passage of time) require consciousness? There are many transitional states in nature (in astronomy, physics, and biology) whose nature is governed by laws, which operate independently of our knowledge of them. A biological system grows from infancy to maturity to death. Its present state is determined by its past state and its interaction with the environment, and its evolves towards a future state. Its present state is marked externally by a date, imposed by human convention, but also internally by its physical and biological condition. Its transience is a function of its internal conditions. Its past conditions projected it into its present condition, its present conditions will project it into some, not completely determined, future condition. So there need be no conscious anticipation of the future for its present state to be transitional. The recognition, noted earlier, that world lines evolves along a history, included such a transitional view. At any point in time, the state of a physical system is in a transitional state from an earlier to a later state. The question is whether the transition between states is completely determined by its earlier state. Its trajectory into the future will then be completely deterministic, with the resultant block universe. If, however, is trajectory is not completely determined by its past, then the block universe may not follow from the discovery of relative simultaneity.

Minkowski Space-time Diagrams.

Einstein destroyed the notion of absolute time: there is no preferred reference frame in which the 'correct time' for the duration of events can be given and in which two events are really simultaneous. Einstein made the existence of time dependent on the existence of measurable events - physical time is clock time. But it was the Russian mathematician Hermann Minkowski who, in 1908, drew the most radical conclusion for the understanding of space and time. As he stressed, his conclusion was based on experimental evidence and led to a completely new view of space and time. In a famous phrase, Minkowski announced that the notion of space and time, which hitherto had been separated (even in Einstein famous 1905 paper on relativity) were to be united into a notion of space-time, a notion which alone was to enjoy independence.
 This notion of space-time was then used by many prominent physicists, as we have already seen, to defend a static view of the universe - or what has become known as the block universe. The notion of the block universe commits its proponent, as we have argued, to an idealistic view of time. Kant's views on space and time, which existed in the philosophical heritage of the early 20th century, gained renewed prominence when the physicists drew what they took to be philosophical consequences of the discoveries associated with the special theory of relativity. The objective, idealist view of time, worked out by Kant, seemed to fit like a philosophical glove to the notion of a block universe, inspired by Minkowski's union of space and time.

We have already given some graphical representation of this new notion of space-time. Equipped with some further Minkowski insights, we can complete this picture.

According to the classical physicist, observers in two different reference frames, moving uniformly relative to each other, will assign different space co-ordinates but the same time co-ordinate to the same event. Mr. Tompkins, enjoying dinner on the train, will assign as space co-ordinates of this event the carriage in which dinner is being served. Mr. Tompkins, say, sits at the table opposite the bar. He will remain at this table during his dinner. The table remains at the same place in the train carriage. For an observer on the embankment, however, Mr. Tompkins will begin and finish his dinner at different spatial locations - the locations, which the train covers during its journey, while Mr. Tompkins is having his dinner. Even for Mr. Tompkins the spatial co-ordinates could change if he chose to measure the place of his dinner in different reference systems. He would eat his soup and his dessert at the same table in the dining carriage but at widely separated points of the railway track.
 How long does the dinner last? Let us say Mr. Tompkins spends one hour at his dining table. Observers positioned on the embankment who time Mr. Tompkins's dinner will measure the same time interval between soup and dessert as Mr. Tompkins. 

However, according to the special theory of relativity, temporal and spatial intervals change when we pass from one reference system to another. In classical physics it was sufficient to have one time co-ordinate and a set of changing space co-ordinates (x, y, z; x', y', z'), depending on the direction in which the object was moving. But in relativistic physics, both temporal and spatial co-ordinates change, so that the asymmetry between time and space co-ordinates disappears.
 Any description of any event requires, not only a spatial co-ordinate set (x, y, z; x', y', z') but also temporal references (t, t').

Minkowski calls a spatial point existing at a temporal point a world point (x, y, z, t is its value system. These coordinates are now called 'space-time coordinates'.) The collection of all imaginable value systems or the set of space-time coordinates Minkowski called the world.
 This is now called the manifold. The manifold is four-dimensional and each of its space-time points represents an event. Minkowski considered that at each world point, there existed a 'substantial point'. But this is misleading. Two light beams might interact and this would be an event in space-time. Idealising even further, we could regards events as locations as possible happenings.
 We want to be able to recognise an event at every moment of its existence. Such an event will change in its spatial and temporal coordinates (these changes are marked by dx, dy, dz, dt). As a picture of the 'eternal existence' of such an event, as Minkowski says, we obtain a world line. If we do this for every event, the whole world can then be resolved into such world lines. Minkowski adds that physical laws can be understood as interactions between world lines. 

To every event is attached a reference system, i.e. a system of axes attached to a certain group of observers.
 Then every event is determined, with respect to its position in space and time, by four co-ordinates given by the reference system (x, y, z and t). If we have two events attached to a certain reference system, then they will differ in space and time by differential spatial points, dx, and differential temporal instants, dt. To a couple of events corresponds a spatial distance and a temporal distance. 

Thus time can be defined by all the events which succeed each other at a certain point in space. And space can be defined by all the events which happen simultaneously, where the meaning of simultaneity is relative to a given reference system, as determined previously. This definition reminds us of the relational theory of time and space, due to Leibniz and Mach, but with the important difference that the notions of absolute time and space have been abandoned. 

Minkowski speaks of the individualisation of time and space.
 How are the world lines of particles, as seen by various observers who introduce their individualised coordinate systems, to be represented graphically? For an observer, in whose coordinate system a particle is at rest (a stationary event), the world line of the particle must run parallel to the time axis, t, always keeping the same x-value (the y- and z-axes are neglected in each case) (Figure VIII) 




For such an observer uniformly moving event is represented as a world line inclined at an angle from the t-axis. And an accelerated event is represented as a curved worldline. (Figure XI)
 




However, we have left out an important detail: according to the relativistic understanding of the universe, no material particle can travel faster than the speed of light. This aspect must be incorporated into these space-time diagrams. As we have already seen, these diagrams are drawn with the speed of light as unity (c = 1). Then a distance of 300.000km per second on the x-axis equals the extension of one second on the t-axis. This means that the worldline of a photon is tilted away from the vertical time axis by 45(. Since c is taken to be a limiting speed, the collection of possible world lines must never tilt more than 45( away from the t-axis. If we add the other space dimensions and take the origin, x = 0, t = 0 of the diagram to be the Here-Now (from which all possible world lines converge from the past and diverge into the future), then we obtain three regions. The upward region is called the future light cone of Here-Now and the downward region is called the past light cone of Here-Now. But there is also a region, which cannot be reached from inside a particular light cone. It is called Elsewhere. This region cannot be reached by material particles confined to their light cones, for material particles cannot cross the world line of the photons. This is a consequence of the Einsteinian postulate of the constancy of light. It has an important consequence for the causal connection of events. Every event in space-time has its own light cone??.
 (See figure X). 










Events can be separated in two different ways:

1) When they have a time-like separation, the events are close enough together in space and far enough apart in time so that signals or particles propagating slower than the speed of light can get from one to the other and they is at least a potential causal link between them.

2) When they have a space-like separation, they are too far apart in space and too close together in time for any signal travelling at the speed of light or less to connect them. World lines connecting them would tilt at more than 45( from the vertical. They would represent world lines at speeds in excess of the speed of light, c. There could be no causal connection between them.

It is important to realise that where there is a causal connection between events (time-like connection), the order of events is the same for all observers; only the amount of time measured between these events will vary from observer to observer. Only when there is a space-like separation between events, and hence no causal connection, can the time order be reversed for different observers (figure XI).
 What is meant causality here? As we shall see in Chapter III, prior to the advent of quantum mechanics, physicists took causality to mean the predictability of events in the future. Given the present condition of a physical system in which the events take place, and the knowledge of the general mechanical laws, which govern the system, it seems that trajectory of the events can be predicted with reasonable certainty. One could call this a functional view of causality. As we shall see, this view was developed by Laplace, who identified determinism and causality. This identification influenced a generation of physicists. But determinism and causality are not the same. Assiduous observations of the tides on a beach would enable many observers to predict the tides at least for a few days. But this does not mean that the observer can causally explain why the tides arise. Equally, the causal explanation of atomic events does not mean that the behaviour of these events can be predicted with deterministic certainty.  The Laplacean identification held such a firm grip on the physics community that the philosophical convictions departed in opposite directions. Einstein and Planck came to hold the view that the unpredictability atomic events meant that physics did not properly understand the atomic realm. Heisenberg and Bohr came to embrace the view that the unpredictability of atomic events meant that the notion of causality did not apply in the atomic realm. It was only when some physicists realised that the notions of causality and determinism needed to be separated that causal explanation of atomic events became envisageable.



In Minkowski space-time diagrams, the simultaneity of events is represented as the class of events, which lie on the spatial axis of the observer. The simultaneous events for any observer are those events, which lie on a plane, which can be drawn perpendicular to the respective time axes of the observers. For observer O, the simultaneous events are those, which lie on the x-axis, that is, events a-b. For observer O', moving at uniform velocity with respect to observer O, the simultaneous events are those, which lie on the x'-axis, that is, events a-b'. These two observers will judge the order of events a-c differently. For O, event a happens at the same time as event b. These two events happen simultaneously in O's present. Observers O and O' have a time-like connection with events above the photon worldline. For O event c is after the event line a-b. For observer O', events a and b' are simultaneous and happen in the present of O'. For O' event c occurs before the event line a-b'. This reversal of time order can only occur for events with a space-like separation: there can be no causal connection between events a and c for either observer. 

If there could be a causal connection between space-like separated events, signals would have to move at speeds greater than the speed of light. This would allow us to construct a case of relativistic lottery swindle.
 (Figure XII) Consider Alice, who follows the lottery draw on Saturday night. Alice occupies the co-ordinate system (x, t). Her colleague Zoë moves with great velocity relative to Alice's inertial frame. Zoë's reference frame is marked by her own coordinates (x', t').  Alice and Zoë have concocted a lottery swindle, involving strange radio waves, which travel at speeds faster than light. Alice's plan is to send the winning numbers to Zoë via superluminal radio waves (blue and dark red lines). Zoë receives the message at a point where lines running parallel to x' and t' meet. T'' is her worldline, x'' is her simultaneity plane. After receiving the winning numbers, Zoë immediately returns the message to Alice, again using faster-than-light (superluminal) radio signals. Alice receives this message just before the closing time of the lottery draw. She ticks the right number and wins the jackpot. Allowing signals faster than light would lead to causal anomalies like this one: sending messages into your own past. As Alice in this fictitious case is allowed to send messages at speeds greater than the limit speed of light, and hence at speeds forbidden by the special theory of relativity, these radio waves are inclined at angles below the co-ordinate system of her colleague's co-ordinate system (t', x'). In other words, these events are space-like separated, yet causal (superluminal) signals are allowed to be exchanged. This would make the lottery swindle possible. 

The reversal of time order for observers in different co-ordinate systems, which are space-like separated from an event like, c, is rather a special case. For all other observers, the transformations, which allow passing from one system to another must be such that they leave the form of the physical laws invariant. This is the job of the Lorentz-transformations (Box 1). The Lorentz transformations also transform space and time in such a way that some quantity is left invariant.
  We can understand this by comparing invariant quantities in classical and relativistic mechanics.

In classical mechanics, the spatial distance and the temporal interval between two events, E1 and E2, are separately invariant for each inertial frame. Recall Mr. Tompkin eating dinner in the train carriage. If s is the spatial distance between E1 and E2 in system x, y, z, then, following Pythagoras: 
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). The temporal interval t2 - t1 = constant, since in classical mechanics all observers measure the same temporal intervals between events and the universe is governed by one universal clock. If we change the reference system to x', y', z', an observer watching Mr. Tompkin from the embankment, then the spatial coordinates for the two events are different, but the distance between them remains the same 
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 and, again, t'2 - t'1 = constant. (In differential terms: 
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). As Mr. Tompkin remains at the same place in the train carriage during his dinner, s2 = 0 for both observers.

In Minkowski space-time, the constancy does not belong to the spatial distance and the temporal interval separately, because now events happen at space-time points, for which each observer assigns different spatial and temporal coordinates. This expresses what Minkowski meant by the individualisation of space and time. However, there is another quantity called "world interval" I, which remains invariant for all observers between whom there exists a time-like connection between events. It is defined in the following way:


or


I cannot be written in another form, but this does not change the invariance of I.
 It is a consequence of the special theory of relativity that different observers, if in relative motion to each other in space-time, will assign different space and time coordinates to the same event. In view of the individualisation of spatial and temporal coordinates, it is important to inquiry if there is some metric that gives the same distance between two events for all observers? 

If we generalise the Pythagorean theorem to Minkowski space-time 
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, then, using the Lorentz transformations we can tell that ds2 ( ds'2, because the coordinates are not the same (x (x' or t ( t'). Thus, the natural generalisation of Pythagorean distance for flat, two-dimensional space-time fails when 4 dimensions are included. The problem could result from the fact that there is no real fourth direction along which the time axis can point at right angles to the three space directions. But there is an imaginary one. So with 
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This change in the sign of (dt)2 is of crucial importance because this new metric is invariant using the Lorentz transformations:
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This quantity (on either side of the equality) is called the space-time interval (or world interval) between two events separated in flat space-time by dt, dx, dy, dz or dt', dx', dy', dz'. The observers attached to the unprimed and primed systems, respectively, assign  different individual spatial and temporal separations for two events, but they measure the same interval, i.e. (ds)2 = (ds')2.
 Minkowski expressed this idea in terms of his postulate of the absolute world (or world postulate).  It states that the phenomena only give us the four-dimensional world in space and time, but that the projection in space and time can still be given with a certain amount of freedom.
 [??]
The time-like and space-like separation, mentioned earlier, can be expressed in terms of the space-time interval, I. If event E1 is the emission of a photon at one point in space-time, event E2 is the absorption of that photon at some other point in space-time, then the interval between them is always zero. It is always zero for any event connected by light. Rewriting the metric as
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1, since the photon travels at the speed of light, we get (ds)2 = 0. The world line of any photon is said to have a null interval, which will always be on the surface of the light cone 
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 have positive/negative intervals.
 Space-like world lines, in the exterior of light cones, i.e. in Elsewhere, have negative/positive intervals, since 
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When I > 0, we find that the spatial separation between two events is greater than their temporal separation. The two events stand in a space-like separation. It is not possible to send a causal signal between these events so that they are not causally connectible. For instance, events beyond the visible limits of the expanding universe are so far away that any signals have not yet reached us. There could be no exchange of causal signals between events on earth and such distant events. Such a spatial separation does not need to occur on a cosmic scale. In quantum mechanics, the physics of the atom, certain types of experiments are set up, which involve space-like connected events. In these so-called EPR experiments subatomic particles or photons are sent along two different arms of an experimental apparatus. In one such experiment, the arms were only 15 meters [?] apart. When measurements of certain physical properties are carried out on a particle in one arm, it is found that instantaneously the particle in the other arms, 15 meters away, displays correlated properties. This is puzzling because the two arms are too far apart for any causal signals to be exchanged between the two particles. No causal signal can travel faster than the speed of light: the spatial distance between the two arms is too far signals to be exchanged between the two particles whose properties are correlated instantaneously upon measurement.

When I < 0, we find that the spatial separation between two events is smaller than their temporal separation. The two events stand in a time-like separation. It is possible to send causal signals between these events because their spatial separation is small enough for a causal influence to propagate from event E1 to event E2. These events are confined to the same light cone.

The Minkowski space-time diagrams have played a significant part in recent attempts to justify or reject the block universe as a philosophical consequence of the space-time conception of the universe. The early physicists only embraced the block universe.  It is important to show whether it really is a philosophical consequence of the postulate of relative simultaneity and Minkowski space-time. A consideration of these arguments will also allow us to assess Jammer's feedback thesis and evaluate Bohr's challenge. For, as we shall see, it is by no means certain that the block universe is a philosophical consequence of the special theory of relativity. What is certain, however, is that the opinion of both physicists and philosopher is divided. For one camp the special theory of relativity leads us to a philosophy of being. For another camp the special theory of relativity leads us to a philosophy of becoming.

{General consideration that may be placed elsewhere: in a certain sense it may be said that philosophy need not be influenced by the empirical findings of science. For instance, it is always possible to construct fundamental notions in such a way that they do not reflect empirical findings. In QM it is possible to define deterministic causality - holistic hidden variable theories - rather than accept probabilistic causality. But the empirical findings can also be seen as offering constraints on the models of the fundamental notions we want to adopt. In this sense probabilistic causality is a notion of causality which takes the empirical findings as constraints. Our question then is whether the block universe is a reasonable model of the 'flow of time', given the constraints offered by the special theory of relativity.}

Philosophical Consequences I: The Philosophy of Being
Gödel pointed out that the special theory of relativity with its notion of the relativity of simultaneity has 'new and surprising insights into the nature of time.' In particular, he held that through this theory one obtained 'unequivocal proof' for the idealist view of time. How can this be? Gödel points out that the relativity of simultaneity and by implication assertions of succession lose their objective meaning, 'in so far as another observer with the same claim to correctness can assert that A and B are not simultaneous.'
 But it does not follow from this, without qualification, that this observer also sees B happen before A. This reversal of succession is only allowed in cases where two events have a space-like separation (I > 0) and cannot be connected by causal signals. For all other observers, the succession of events is the same and only the amount of time between them changes.
 Nevertheless, if simultaneity is relative, the lapse of time cannot 'consist of an infinity of layers of "now" which come into existence successively, in an objectively determined way.'
 Thus Gödel denies, in conjunction with modern physics, the absolute character of time.
 [Check lit. on Gödel]

Each observer has his own set of nows and none of the various systems of layers can claim the prerogative of representing the objective lapse of time.

The latter claim follows from the principle of relativity, but we note that stationary clocks are always faster than moving clocks (or proper time is always shorter than dilated time). Proper time and dilated time are related by the Lorentz transformations (Box 1). Although Gödel puts emphasis on the idealist view of time, as a consequence of relative simultaneity, he also embraces, unlike Laue, the block universe.
 For Gödel associates the idealist view of time with the aforementioned denial of the objectivity of change.  The passage of time is a subjective experience. Thinking back on our interpretation of Kant, this rendering of the idealist view seems questionable. But Gödel takes the special theory of relativity to have provided 'proof' of the ideality of time. The difference between past, present and future is an illusion. It is due to the different types of 'laminations' of the four-dimensional space-time block. The laminations are a result of the different types of motion of observers through space-time. The observers are attached to different coordinate systems by which the featureless block is laminated into three-dimensional space relative to the temporal dimension. Space-time is the world of static events. There seems to be no process of temporal becoming. Everything is already there. As we perceive the passing of time, we become conscious of ever more of Minkowski's world points (events) that lie on our individual world lines.
 For Newton, time was a river that flowed equably and eternally in its riverbed, without reference to anything external. Humans lead their existence on the banks of the river, on which all objects are in relative motion. But experiments, this was Newton's hope, could at least indirectly determine the existence of absolute time. Minkowski's four-dimensional space-time world inspires the opposite analogy: The river of time is at rest. Humans now swim upwards the river, thus having the illusion of change and becoming.

Why does relativity imply the non-equivalence of these two views? The answer, Einstein gives, is once again the loss of absolute time. The assumption of absolute time meant that the transition from the static to the dynamic picture of motion had objective meaning. Temporal and spatial co-ordinates for some event E will be different in two different reference frames moving relative to each other. Four different co-ordinate numbers correspond to every event, and a definite event corresponds to any four co-ordinates (x, y, z, t). Therefore, says Einstein, the world of events forms a four-dimensional continuum. The Lorentz transformations (Box 1) consider the transformation properties of the four-dimensional space-time continuum of our four-dimensional world of events. In the relativity theory the division of time and space has no objective meaning since time is no longer absolute.

This philosophy of being (Costa de Beauregard) is a consequence of a strict adherence to Minkowski's conception of a four-dimensional space-time world. The relativity of simultaneity seems to imply a static view of the world. First, we lose the objective division of space-time into 'events, which have already occurred' and 'events which have not yet occurred'. This division is now effected by the observers who travel with relative speed to each other and slice the static space-time world according to their state of motion. Each space-time point, when viewed by an observer, has its own separation into past, future and elsewhere. Then, the impression of change and becoming resides in the observer. There is no notion of time and temporal change in the physical world. The physical world is a four-dimensional block universe. Those who adopt this philosophy of being (Minkowski, Weyl, Eddington, Einstein, Costa de Beauregard) take space-time and its material contents to be spread out in four dimensions. 'Change is only relative to the perceptual mode of living beings.' Living beings are 'compelled to explore little by little the content of the fourth dimension, as each one travels a time-like trajectory in space-time.' But everything is already written, not only in the past cone but also in the future cone. The future is already there. 'Nature "will take" one of the alternatives open to her, and it is this that we must imagine inscribed, even though we do not know what "it will be".'
 

It may be said that the philosophy of being is a curiosity, perhaps held by a minority of physicists just after the relativity revolution. We have already seen that the Minkowski space-time conception of the universe persuaded influential physicists like Eddington, Einstein, Gödel and Weyl of the superiority of a static view of the universe. As we have argued, the adoption of the notion of the block universe is inseparable from an idealist view of time. Physicists like Laue did not explicitly embrace the block universe but they took the notion of relative simultaneity to provide empirical evidence for the Kantian conception of time. Whilst a neutral observer may suspect that philosophers would lend enthusiastic support to the philosophy of being, it is rather the other way round. A long line of physicists endorsed the block universe, which was only supported by a minority of philosophers. For the physicists the idea of the block universe seems to hold a strange attraction. A younger generation of physicists continues to see in the theory of relativity 'proof' of the static view of the universe: O. Costa de Beauregard, Th. Gold, C. W. Riejdijk, P. W. Atkins, P. Davies and most recently J. Barbour have all endorsed either an idealist view of time or a fully-fledged version of the block universe.

Those who adopt a philosophy of being must consider that physics has a direct impact on our philosophical conception of the world. The loss of the objective division of space-time into past, present and future, Costa de Beauregard writes, encapsulates 'a small philosophical revolution.'
 The mighty prestige of physics, buttressed by the empirical success of the theory of relativity, is brought to bear on the philosophical notion of time. The special theory of relativity seems to provide us with the tool to 'prove' that the passage of time - temporal change and becoming - is a human illusion {Riejdijk, Gold, Putnam, Barbour}. {Note here context of determinism]
This is counterintuitive, as so many implications of the special theory of relativity. Intuitively, we regard the past as frozen and unchangeable. But the future is open and subject to our modifications, determinations and interventions. We regard the future as an area of objective becoming.  Most would not regard 'coming into being' as just 'coming into human awareness' (Grünbaum).
 Obviously, Minkowski's dissolution of the world into world lines, spatio-temporal events, is a far cry from an observer's impression of objective changes in the world. Most observers have an objective sense of becoming. But these two viewpoints, according to Beauregard, are compatible and complementary (in Bohr's sense). There are two ways, in which we can imagine events to be inscribed on a Minkowski diagram
: as a mathematical description in terms of the ( function of the entire universe, evolving subject to causal laws and as a simple record of the sense impressions of one observer governed by indeterminacy. But according to the philosophy of being what the observer sees as a coming into being is only a coming into human conceptual awareness. As Grünbaum stresses, what qualifies a physical event at a time t as belonging to the present, to the now, is that a mind possessing organism, M, experiences the event at time t. 

What qualifies a physical event at a time t as belonging to the present or as now is not some physical attribute of the event or some relation it sustains to other purely physical events; instead what so qualifies the event is that at least one human or other mind-possessing organism M experiences the event at the time t, such that at t M is conceptually aware of the following complex fact: that his having the experience of the event coincides temporally with an awareness of the fact that he has it at all.

Grünbaum's position has often been associated with an endorsement of the block universe. In fact, as we shall see below Grünbaum does not equate timelessness with changelessness. To see this, it is important to clarify a systematic ambiguity in the notion of time, to which McTaggart fell victim. At a very fundamental level, time is a 'before-after' relation, for which no conceptual awareness is required. It exists in the natural world as the occurrence of one event, E1, earlier than some later event, E2. The period of the dinosaurs was earlier, on a linear line of events, than the later period of the Egyptian pharaohs. No conceptual awareness is required for this fact. No historian is needed to embed this fact in the natural history of events. The world line of space-time events has a history. For Saint Augustus, Leibniz and Mach time was constituted by succession of events in the universe. When humans become aware of the succession of events, they throw a cloak of conceptualisation around the succession of events. Spatial objects acquire a geometry. Events acquire dates and a numerical chronology. The dinosaurs became extinct 65 million years ago. The Egyptians pharaohs built their pyramids in 3000BC. The minimalist notion of time becomes a maximalist notion: the 'before-after' relation, which is based on natural units of time, is enriched with conventional units of time (seconds, hours, days, weeks, months and years). Human conceptual awareness allows a slicing of the series of events into past, present and future. Not only were the dinosaurs before the pharaohs, so were so many years before them. Not only do we have, in Saint Augustine's words, a long remembrance of the past, we have numerical measures of how long ago a past event happened. 

Grünbaum's insistence on the presence of human conceptualisation as a necessary condition for the awareness of an event 'coming into being' or as 'belonging to the present' trades on the systematic ambiguity in our notion of time. When he attributes 'timelessness' to the physical world, he has the full-blown notion of time in mind. Physical events do not carry dates as physical properties. But when he holds that timelessness does not mean changelessness, he has the minimalist Leibnizian conception of time in mind. Although events do not carry dates, they succeed each other in a 'before-after' relation. And where there is change, according the relational view of time, there is time, for there is a succession of events. Therefore, Grünbaum does not embrace the block universe. 

Philosophical Consequences II: The Philosophy of Becoming

[on causal order, see Joos, Theoretical Physics; Langevin, La Physique, Ch. VI; Capek, in Fraser] [Is it really true, as Paul Davies claims, that to accommodate…….About Time, p. 71]

Gödel's statement that each observer has his own set of 'nows' does not mean relativism, merely relativity. At least as far as time-like connected events are concerned, their order of succession is the same for all observers. Observers in relative motion to each other cannot agree on the set of events, which they call 'simultaneous'. But this does not mean, as Gödel affirms, that the notion of simultaneity loses its objective meaning. As long as observers do not reside outside of each other's light cones, they can make use of the Lorentz transformation (Box 1) to communicate their respective temporal measurements to each other. Equipped with the Lorentz transformations, each observer can predict two things: a) the other observer's temporal measurements for the duration of events and b) the other observer's determination of the simultaneity plane of events.  There is no subjective ingredient in these calculations.
 [What about space-like connected events? According to Maxwell, 'Probabilism and STR' (1985) the problem lies with such events]

However, there is no general agreement that the philosophy of being is the only acceptable philosophical consequence of the theory of relativity. Einstein, himself, vacillated on this question. In his response to Gödel he asserts, on thermodynamic grounds, that a time-like world line from B to A through P in a light cone (ds2 = 0), must be given an arrow making B happen before P and A after P (see figure VI).


But no such direction is to be given, if we assume with Gödel the possibility of closed world lines. Then the relation of succession itself becomes relativized. The distinction between earlier and later would be abandoned. In other statements, Einstein inclines more towards the philosophy of being, claiming that the theory of relativity favours the static picture of the space-time continuum and gives a more objective picture of reality.
 The classical view favoured a dynamic picture: the position of a particle in space changes as a function of time. The relativistic view favours the static picture, in which motion is something which is in space-time in a four-dimension sense. 

Thus, the Minkowski space-time concept has far-reaching implications for the comprehension of the world around us. But, as mentioned above, not everyone agrees with the view that the philosophical consequence of the space-time concept is the philosophy of being. As the crucial argument against the objective status of the lapse of time is that the relativization of simultaneity implies a relativization of succession, it must be shown that it does not follow that succession of events (lapse of time, change) loses its objective meaning.
 In other words, the relativity of simultaneity does not mean that the succession of events is purely relative. The succession of causally related events (ds2 = 0, ds2 < 0) is a topological invariant, independent of our choice of system of reference. In other words, as Langevin pointed out
, worldlines of this kind are irreversible. They can be made to coincide in space, not in time. The order of events cannot be inverted by a change of reference system. By contrast, in the case where ds2 > 0, the case of a space-like separation of events without possibility of causal links, there is no definite order of succession. These events cannot belong to the same world line. They are truly independent. By an appropriate choice of the reference system, they can be made to coincide in time.
 The irreversibility of world lines has an absolute significance, independent of the conventional choice of the reference sytem. As the worldlines make up the whole world, the irreversibility of the causal lines is conferred to the universe as a whole. This is a striking illustration of the dynamic character of space-time (Capek). [Consider also Grünbaum's view that his timelessness ( changelessness; also the representation in Misner et al. Gravitation] 

With Einstein's theory and Minkowski's representation of it in his space-time diagrams we must abandon the picture of physical time advancing as a knife edge, and instead visualise a complex of advancing light cones in space-time. Events which lie inside light cones will lie either in the future or in the past relative to E (E at origin), irrespective of the frame of reference considered.
 

From the relativization of simultaneity, some have concluded that 'now', the present, has no objective status. The transitional nature of time, the concept of becoming and its relation to past, present and future has been located on the level of subjective consciousness.
 But this view is incompatible with the relativity theory:

· We must distinguish between 'the present' or 'now' and 'present'. Terms like 'the present', 'now', 'the past' are conceptual distinctions, which are used by humans to categorise experience (cf. Kant). But any event when it occurs and independent of human awareness is 'present' or goes through a 'present' state. Physical systems have a past, which affects their present and has implications for their future.  Physical systems go through transitional states (cf. quantum jumps or the transition of quantum systems from preparation to measurement, cf. De Beauregard, Time, pp. 172ff) so that the concept of physical time is not restricted to static 'before-after' relations (Whitrow). The interaction of the component of a physical system in its past state can lead to qualitatively new properties/states of the system.

· The succession of the events constituting the world lines cannot collapse into simultaneity in any system. From this it follows that in no frame of reference can my particular Here-Now appear simultaneous with any event of my causal future or with any event in my causal past: feeling present.

·  No event, which has not yet happened in my present Here-Now system could possibly have happened in any other system (either in my causal past or in my present region of Elsewhere). A necessary condition for the conceivability of events is their inclusion into the past of the observer.

· The duality of the transient psychological present and the non-transient whole disappears when we accept becoming in the physical world running parallel to the stream of our experience.

· The role of determinism in the block universe.

The relational view of time, duly modified to the relativistic principles, is also compatible with the philosophy of becoming, rather than the block universe. For if the ultimate significance of time resides in its transitional nature (Whitrow, §7.5), then this is well expressed in the relational view of time. 

� EMBED Equation.3  ���





Box 1: The Lorentz Transformations
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Figure XII: Alice's superluminal lottery swindle in a fictitious world, in which causal signal can travel faster than light.
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Figure IV: The Relativity of Time Order for time-like separated events, a - b and a - b', and space-like separated events, a-c. 
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Figure X: Representation of future and past in Space-time diagrams, where time-like connections are possible from the Here-Now. The Elsewhere regions lie outside the reach of causal links and have a space-like separation from Here-Now.
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Figure IX: Representation of a uniformly moving event (straight line) and an accelerated event (curved line) for an observer at rest





Figure VIII: Representation of a stationary event for an observer who sees the event at rest
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Tensed View of Time


Events change with respect to being past, present, future. As a consequence of changing their temporal properties, they change their A-determinations.





Static View of Time


Events just are. They do not become past, present, future. They always retain their particular B-determinations with respect to all other events. 





If time is real, events must change with respect to their A-determinations.


 (There is no change in the B-series and time requires change.)


It is incoherent that events can have A-determinations in respect to which they change.


�


Time is unreal. 








Figure VI: Einstein's objection to Gödel's idealistic interpretation of the special theory of relativity.





{c = 3x1010 cm/sec}
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Figure I: Representation of a uniformly moving particle (straight line) and an accelerated particle (curved line).





Einstein


Einstein takes it that the relativity of simultaneity implies a philosophy of being. Relative simultaneity makes the static picture of physical reality more objective. The physical world can be represented as a block universe. But Einstein shies away from an endorsement of an idealist view of time. Nevertheless, as we have argued, acceptance of the idea of a block universe entails an idealistic view of time. (Determinism?)





Laue


Laue acknowledges the Einsteinian discovery of the frame-dependence of time coordinates.  But the relativity of simultaneity does not, for him, carry any implication of a philosophy of being. Rather, space-time diagrams are symbolic representations. However, the frame-dependence of time coordinates implies an objective idealist view of time. Acceptance of an idealist view of time does not imply a block universe.





Figure III: Einstein's consideration of the direction of time in response to Gödel's idealistic interpretation of the special theory of relativity.





Figure IV: Adapted from Misner/Thorne/Wheeler, Gravitation (1974), 6.  





'The crossing of straws in a barn full of hay is a symbol for the world lines that fill up space-time.' 





The events in space-time are indicated by block dots. Only the intersections of worldlines can claim physical reality and are observable. 





The first event, from left to right, is the absorption of a photon. The second event is the reemission of the photon. The third event represents the collision of two material particles.
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Figure V





Figure VI: Stationary Observer and simultaneity plane to E
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Figure VII: Moving Observer and simultaneity plane to E
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Figure II: The coordinates of two inertial systems in relative motion to each other.  The rise of time axis t' indicates the velocity of this inertial system. The steeper the worldline, the smaller the velocity of the inertial system. The angle between the two time axes (t, t') must be the same as that between the two spatial axes (x, x'). 
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Figure III: This is the same configuration as in figure II. But this time the world lines of the photons, emitted from O, are included. They form a diverging future cone and a converging past cone on O. 
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Time-like connected events





Space-like connected events
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