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In this paper I argue for a new approach to fundamental physics, which I call Time Flow Physics (TFP). The main aim is to present the conceptual background, and give a general overview of the theory. Key points are presented in enough detail to show how it works at a fundamental level, and how it connects to current physics. A range of additional results and empirical applications have been obtained in further studies, and some of these are noted here, but they cannot all be summarized in detail, and the reader is referred to additional and ongoing studies (see references). 

TFP proposes a general approach to constructing a fundamental theory, and (like string theory) a number of specific TFP theories are possible, depending on the topology we choose for the space manifold. The general mechanisms proposed in the theory for quantum mechanical waves and gravity are largely independent of the particular model; but the section on cosmology is necessarily based on a particular choice of model. This may not be the best choice in the end, but it is quite successful, and the concepts need to be illustrated with a concrete model in mind.

TFP raises a number of fundamental issues in the philosophy of physics. These conceptual issues are important whether or not the empirical theory is immediately successful. But the theory does have a range of good empirical and theoretical predictions, and I propose it as a serious type of unified theory. 

Physicists may wonder why I do not simply enumerate the direct empirical predictions to support the theory, but this is not an effective way to begin. No new theory of fundamental physics can be very convincing today unless it is based on a deeper theoretical scheme of unifying principles that incorporates what has already been discovered through the Special and General Theories of Relativity (STR and GTR), quantum mechanics (QM), and cosmology. The possibility of unifying these areas of modern physics in a single theoretical scheme is the prime concern. Direct empirical predictions or applications must be shown to flow naturally from the underlying theoretical scheme. 

The theoretical convergence of a new theory like TFP with good existing theories like GTR or quantum mechanics – showing the new theory converges with existing theories at current experimental limits - is an initial form of empirical confirmation, and the first concern is to show this. The notion of ‘direct empirical confirmation’ common among physicists is a more specific kind, and means obtaining novel empirical predictions, capable of distinguishing two competing theories at new experimental limits. TFP provides a number of new tests of this kind; but the initial theoretical convergence with existing theories is the issue to begin with. 

The most important starting point for any fundamental theory in the present context of physics are the symmetries or invariances it provides, and I will begin with a very brief summary of the current situation in modern physics to make the starting point of TFP clear.  

1. The current situation in fundamental physics. 

Current fundamental physics is based on symmetries and invariances of fundamental laws. Obtaining the correct fundamental symmetries and invariances is the key to constructing any fundamental theory of physics. Symmetries and invariances generally correspond to general transformations: i.e. a given theory has a given type of symmetry if it is invariant under the corresponding set of transformations, which capture or represent the symmetry. Classical physics was based on the Galilean symmetries, and the key problem arose at the end of the 19th Century that the Galilean invariance fails for electromagnetic theory (EM). By the start of the 20th Century, Lorentz and others had recognized that the appropriate symmetry is based on the Lorentz transformations, but it was not until Einstein conceived the Special Theory of Relativity that Lorentz invariance was recognized as a fundamental symmetry of nature, providing a new conceptual basis for developing physics. This revolution was completed in a number of stages. First was the change from the Galilean conception of an homogenous spatial manifold with time as a separate dimension, to the Einstein-Minkowski conception of the space-time manifold. Next came Einstein’s generalization to an intrinsically curved space-time manifold, and the General Theory of Relativity. And finally came Dirac’s exploitation of Lorentz invariance, or covariance, to create a relativistic quantum theory of the electron and the EM force, around 1930. From then on, the leading developments in fundamental particle physics – primarily quantum field theories – have been based on Lorentz invariance as the fundamental symmetry of nature, along with the use of space-time to provide the fundamental ontology of physics. 

The subsequent development of physics up to the 1970s or so was very successful in many areas, but with equally important anomalies. The most disturbing conceptual problem was the failure to create a consistent quantum theory of gravity. Conceptual problems in quantum measurement theory (which had been bubbling away since the 1930s) also came to prominence in the 1970’s, particularly the problem of an ‘instantaneous wave function collapse’ and the non-local or ‘instantaneous’ transmission of information in quantum systems. The interpretation of quantum field theories and GTR singularities also remained deeply troubling. And a host of new observations from the expanding disciplines of astrophysics and cosmology also produced a number of apparent anomalies and challenges – with the discoveries of the Big Bang, the cosmic microwave background radiation, the inflationary theory of expansion, and the postulation of ‘dark matter’, ‘dark energy’, and so on, which are inferred on the basis of GTR to account for galaxy formation and rotation and certain details of the observed development of the cosmos. 

 The last few decades of the 20th Century saw increasing attempts to generate a unified theory, which would combine the quantum theory of particles and local forces with the theory of gravity and curved space-time. The most notable has been string theory, which has had a flood of attention from theorists since the 1980s. String theory has three main features of particular relevance here: first, it is still covariant; i.e. it is still based on taking the Lorentz symmetry as fundamental; second, it expands the dimensionality of physical space from three dimensions to multiple dimensions, giving higher-order space-time manifolds as the background for physics; and third, it achieves a natural unification of gravity and quantum theory, and disposes of the troublesome GTR singularities, by extending particles from points to strings, and in this way appears capable of achieving the goal of a unified theory.  

However, although many theorists have pinned their hopes on string theory, it has not yet proved successful as an empirical theory, although this needs to be carefully qualified. The main problem is that there are many possible string theories, depending on how many additional dimensions of space we introduce; and once we expand the dimensionality of space, calculations of results or specific models becomes extremely difficult. So theoretical progress in deciding what to take as the ‘right’ string theory for our universe has been very slow. And while string theory offers a definite model for the unification of gravity and quantum theory, it has not yet been able to provide any definite predictions of new phenomena, or new explanations of known phenomena – or indeed any definitive model of how particle physics is constructed at a deeper level. It merely promises to provide a more powerful theory, given that some variant of string theory is found to work. 

There is a methodological problem here. String theorists have been progressing by ruling out possibilities that do not work – examining various specific dimensionalities of space-time, and progressively ruling out those which lack the appropriate properties to construct known physics. But they have not yet been able to settle positively on any specific version. If string theory is ultimately correct, it may take decades to find the successful version; but if it is incorrect, this may never be known, because there are too many possibilities to check. As a result, some physicists criticize string theory as viciously ‘metaphysical’, and regard it as a wild goose-chase. I do not share this judgment – it is a real physical theory all right, and needs to be explored – but at the same time, we cannot simply put all our eggs in one basket and pursue string theory to the exclusion of all other possibilities. What if we are overlooking other, simpler and more definite possibilities, because of some fundamental conceptual oversight? I will argue here the Time Flow Physics is one such a possibility that deserves to be explored in detail – not to the exclusion of other theories but simultaneously with them. 

2. The current assumption of Lorentz symmetry. 

This brings us to the key point of departure of TFP: it changes the fundamental symmetries, ultimately contradicting the Lorentz symmetry – it shows why the Lorentz symmetry appears to be almost exactly correct in most areas of ordinary physics, but predicts different results in certain extreme limits, which are encountered in a number of  areas of experimental and observational physics. And (if it works) it provides a way of making a truly unified fundamental theory. I think the ultimate truth of the Lorentz symmetry is one of the deepest question in fundamental physics at the present juncture. String theory, like almost every other serious attempt at creating a new unified theory, is based on the Lorentz symmetry as its fundamental assumption. The relativistic conception of space-time is taken as the primary point of departure. But what if this is wrong, and the ultimate symmetry of nature is subtly different – if the Lorentz symmetry is only an approximation to the real symmetry, just as it turned out that the Galilean symmetry is only an approximation to Lorentz symmetry? I think we have to examine this possibility seriously, or physics may end up being stuck on a false theoretical paradigm that simply does not allow alternative possibilities to be formulated or explored.  

Now of course, physicists have some very good reasons for believing in the Lorentz symmetry. But on close examination I think these reasons are far from certain, and in the natural progress of science, they need to be challenged. There are two main kinds of reasons: first, both GTR and quantum fields theories, developed on the basis of Lorentz symmetry, have extremely specific mathematical forms, reflecting their Lorentz invariance, and these have proved very successful in predicting the development of detailed theories in many different areas. It is surely a great coincidence if Lorentz symmetry turns out to be wrong given this success. Second, no one seems to have developed a viable alternative that has comparable success – and it is very difficult to imagine how any plausible variant of Lorentz symmetry is possible without destroying the whole edifice of known physics. 

However these reasons are not conclusive (and some physicists are still not satisfied
). In the first place, although modern physics is extremely successful in many applications, it also has many anomalies – it is far from perfect and far from complete. Otherwise there would not be a problem to start with. The anomalies are various: there are theoretical anomalies in the apparent contradictions inherent in quantum gravity, the GTR singularities, the troubles in interpreting quantum field theory and measurement theory, the incompleteness of many features of quantum particle theory (even the neutrino masses are not yet known), and a variety of specialists would point to many detailed anomalies, which may have explanations on standard theory, but which have not yet been given explanations. Radical empirical anomalies particularly abound in cosmology: it is particularly disturbing that more than 95% of matter is interpreted as some mysterious, invisible ‘dark matter’, essentially to maintain the current theory of gravity. And mysterious ‘dark energy’ and other bizarre quantities are freely hypothesized, to sustain current fundamental theory in the face of observation.
 There is also a decisive anomaly in the orbit of the Pioneer spacecraft, confirmed in detail through the 1990’s, which constitutes the most sensitive test yet of GTR in the solar system; no explanation of this anomaly has yet been given.

I think modern physicists tend to overstate and overestimate the successes of their current theories, just as their 19th Century counterparts did. We all tend to a common psychological trait when justifying our favorite ideas: we focus on their successes, and tend to ignore their incompleteness and evidence of their failure. This is a reason that the paradigmatic ideas of one generation need to be tested by being explicitly challenged by new generations. 
At any rate, this brings us to the question of whether any alternative to the Lorentz symmetries is really plausible. It hardly seemed possible to 19th Century physics that the Galilean symmetries could be wrong – for what could possibly be wrong with them, and how could they be modified, without destroying the whole edifice of classical physics, with its fantastic explanatory and predictive successes? But of course, this is exactly what happened: we now see that the theoretical foundations of classical physics did indeed turn out to be mathematical coincidences so far as capturing the real form of the fundamental laws of nature is concerned. This makes us recognize the power of theoretical paradigms over our imaginations: just because we cannot imagine how a certain type of theory could fail does not mean that it must be a fundamental symmetry of nature. 

And while it may be claimed that no one has successfully developed any serious alternative to Lorentz symmetry and space-time over the last 50 years, it must be wondered how many physicists have tried to do this. We cannot know if there is a real possibility unless we make a concerted effort to try to find it and explore it. Anyone who does try to explore this possibility in the present climate of opinion must labor under powerful metaphysical prejudices against it. The suggestion that Lorentz symmetry or the space-time philosophy might fail is usually taken in contemporary physics as a sign of desperate naivety, encoded in the term ‘crank theories’. 

Nevertheless, the aim of this paper is to argue in detail that a serious alternative type of theory is possible, and is worth exploring in detail. I believe that the issues this raises are important challenges to the current orthodoxy, and these need to be dealt with. If they are dismissed, then the orthodox view will be strengthened, and we will be able to have even greater confidence in the current approach, which is an important kind of progress. Most importantly, I think, it is not the immediate success or failure of such a theory that matters so much as the exploration of the conceptual foundations, and the conceptual foundations of modern physics are still much more fragile than most physicists would like to believe. 

At any rate, I will now introduce the main themes of TFP.  

3. Symmetries, relativity theory, time flow and simultaneity. 

There are a number of symmetries that are of primary focus in modern physics: 

(i) Lorentz symmetry 1: invariance under time translations.

(ii) Lorentz symmetry 2: invariance under spatial translations.

(iii) Lorentz symmetry 3: invariance under spatial rotations. 

(iv) Lorentz symmetry 4: invariance under Lorentz velocity boosts. 

(v) Time reflection symmetry: invariance under time reversal (T). 

(vi) Space reflection symmetry: invariance under space reversal (P).

(vii) Charge reflection symmetry: invariance under charge reversal (C).

(viii) Conservation of energy: (partially) equivalent to invariance under time translation. 

(ix) Gauge symmetry: invariance under energy translation. 

(x) Conservation of momentum: (partially) equivalent to invariance under space translations and rotations. 

The special concern here is with the symmetries involving time, and in particular with the interpretation of the Lorentz velocity boost symmetry. But first I will remark on some of the other symmetries. Three of these symmetries will remain as fundamental principles in TFP: time translation invariance, and energy and momentum conservation. The other symmetries will no longer appear as fundamental principles; instead (insofar as they remain valid) they are derived from more fundamental principles. It should also be remarked that, while all these symmetries appear desirable in orthodox physics, there is substantial doubt about a number of them. Space reflection symmetry, charge reversal, and consequently time reversal appear to be contradicted by neutral K-meson decay, a result discovered in the early 1960’s, which still remains mysterious. So the reflection or reversal symmetries are not set in concrete. In fact there is substantial confusion about what time reversal symmetry really means, and strong arguments that the probabilistic part of quantum mechanics contradicts this symmetry
. However, time reversal symmetry is not the basic issue here at all, and I would like to dissociate the idea that the term time flow physics refers to the concept of time reversal. The resulting theory does have implications for time reversal, which I comment on at the end of this paper, but these are not fundamental issues in the foundations of the theory, which we will start with. 

It should also be noted that energy conservation, while fundamental at one level in ordinary quantum theory, is still problematic in quantum field theory, which allows ‘temporary’ violations of energy conservation through its mechanism of virtual particle creation. Gauge symmetry is also problematic in some respects. But again, these are not fundamental concerns of TFP (which imposes absolute energy conservation, but ultimately contradicts gauge symmetry).

This brings us to the symmetries of primary concern, the Lorentz symmetries, and in particular, the interpretation of the Lorentz velocity boost. I will briefly describe the central connection with time flow. 

Lorentz symmetry, or covariance, remains the fundamental basis for constructing modern theories of physics. The interpretation of this symmetry is evident in two concepts that are widely taken for granted in modern physics. First is the concept of space-time, or the space-time manifold characterized by an intrinsic space-time metric. In STR this is global flat Minkowski space-time, while in GTR it is generalised to curved space-time. Second is the rejection of absolute time, and specifically the rejection of physically real simultaneity relations between spatially separated events. The ‘relativistic philosophy’ is most vividly characterized by the conclusion that relativity theory entails that time flow is physically unreal. This thesis is the first fundamental concern of TFP. 
The usual reason for rejecting time flow on the basis of relativity theory is essential as follows.

(A) First, time flow here means the ‘metaphysical’ view that the events that go to make up the completed history of the physical universe are not ‘present in existence all at once’ (as in the ‘block universe’ view, where the universe is regarded as a completed space-time manifold containing events), but instead come into existence sequentially, being at first future, then present (when they have a ‘concrete existence’), then past. This is a view about the nature of existence itself: that what exists changes, and this quality of change is a fundamental feature of nature. The block universe view is equally a ‘metaphysical’ view, it is just a ‘simpler’ metaphysics.
 
(B) Time flow therefore depends upon the view that the past, present and future are objective or real.  It should be emphasized that the view that what exists changes does not in itself make it non-objective; it just means that the class of objective truths changes. Change must be taken as a fundamental metaphysical feature of the class of true propositions itself. It also does not mean, as some philosophical critics of time flow think, that time flow means there is no single objective class of truths..
 We can maintain there is a single class of truths, it is just that it is a changing class.
(C) But for the present to be an objectively real class of events requires that there are real simultaneity relations between any two events; i.e. for any two events, E and F, either (i) E is objectively earlier than F, so that when E is present, F is still future; or (ii) F is objectively earlier than E, so that when E is present, F is past; or (iii) E is objectively simultaneous with F, so that when E is present, F is present. 

(D) However, relativity theory contradicts the notion that there are physically real simultaneity relations between space-like separated events – because it means that any such relations are physically indetectable. According to relativity theory, for any two space-like separated events there are always at least three distinct reference frames which are all equally valid for the description of the physical processes, and equally consistent with the laws of nature: in one, the events are described as simultaneous, in another one comes first, and in the third the other comes first.  

(E) Hence relativity theory undermines the physical reality of simultaneity (or co-presentness of distant events) required to formulate the very idea of time flow. This makes the notion of ‘tense’ physically undetermined. 

(F) Instead, relativity theory naturally requires the alternative idea of the space-time manifold, with only the physically objective (or invariant) quantity of space-time distance, which is captured in the theory of the space-time metric. Equally, the notions of ‘absolute time’ and ‘absolute space’, taken separately, are unreal. 

There are four main points that I want to raise about this argument: 

(1) First, this argument is invariably presented in the context of the Special Theory of Relativity, where there is a simple global flat space-time metric, and where the Lorentz transformation applies very simply to the coordinate frame as a whole, to give valid alternative sets of simultaneity relations for any process. But of course, STR is not true. The genuine relativistic theory is GTR, where space-time is curved. The realistic version of GTR in our universe has to allow for global curvature, and possibly a globally closed space-time. In GTR, the simple global Lorentz  transformation of STR becomes instead a local transformation (which only applies directly on an infinitesimal scale). But when we consider a globally curved, closed space-time, it is not evident that the space-time metric can be consistently represented in alternative reference frames. The problem is vividly illustrated by the existence of the cosmic microwave background radiation (CMBR) in our own universe: there is effectively only one local frame at any point that represents this as appropriately homogenous and isotropic: given a local frame in which the CMBR is isotropic, any velocity boost will render the CMBR non-isotropic, blue-shifting it in the direction of motion of the frame. But is this physically acceptable – or physically equivalent to the isotropic frame? It is not clear in the standard theory that global considerations in the context of GTR and global curvature do not compel a single, definite set of simultaneity relations after all, for some kinds of universes. (This does not mean that GTR fails to be covariant – of course it is – it is a problem of whether this covariance necessarily rules out a special class of simultaneity relations). 

(2) Second, what if the Lorentz symmetry is ultimately wrong, and only represents an approximation to the true symmetry of nature? This is the major theme that TFP will pursue. I will propose that there is a very obvious first step to take in trying to develop an alternative theory: we simply add the postulate that simultaneity relations are physically real after all, and then reconsider how this could be sensibly combined with what we already know about relativity theory and quantum theory. Any new theory must of course be consistent with many empirical detailed results of ordinary physics – but only within current experimental limits. And what we must look for at the start is some kind of theoretical model that will compel the Lorentz symmetries in the ordinary limits, while allowing that they might be contradicted in extreme situations. 

(3) We should also note a weakness in the argument given above. It claims to show that simultaneity relations are inconsistent with relativity theory; but this is not a valid conclusion. The argument only shows that simultaneity relations are redundant in STR. Many writers have pointed out that we can postulate that there is some special frame of reference which represents ‘real’ simultaneity relations required for time flow, and simply allow that it is physically undetectable. This does not overtly contradict STR or GTR (despite what many physicists might think). It is just that it appears redundant. This proposal of simultaneity relations would be ‘viciously metaphysical’ in the same sense that Newton’s postulate of ‘absolute space’ is commonly thought to be so: it is physically undetectable, and plays no role in the empirical predictions of the theory. This may be a strong argument against using such a concept in STR – but only given that we wish to maintain STR as ultimately correct. There is a very important difference between redundancy and contradiction in this respect. If simultaneity relations really contradicted STR, then we could decisively rule them out. E.g. for an analogy, the classical concept of kinetic energy as ½ mv2 truly contradicts the relativistic conception of energy, and is decisively ruled out by experimental confirmations of STR. But given that simultaneity relations are at worst only redundant, it is entirely consistent to propose adding them to the theory, and subsequently using them as a guide in developing an expanded theory, in which they might, after all, turn out to have a genuine role. This is precisely what I will propose next. 

4. The simplest TFP model for STR and the Lorentz transformation. 

Time Flow Physics begins by postulating that: 

Postulate 1. 
Time flow is real; past, present and future are objective. 

The main consequence is: 

Corollary 1. 
Simultaneity relations are real. 

For the main part of the theory, it is only Corollary 1 that comes into play, and if the reader is unhappy with the ‘metaphysical’ nature of Postulate 1, or has difficulty understanding its meaning, it may be ignored for the time being.  But I begin with Postulate 1 rather than simply the Corollary for two reasons. First, ‘time flow’ is stronger than mere simultaneity relations because it introduces a special direction of time, and this  does come into play when we consider the time reversal asymmetry of physics, and the directionality inherent in QM probability theory. Second, time flow provides the simplest general reason for suspecting that simultaneity is real. Many philosophers have a strong intuitive ‘metaphysical’ conviction that time flow is real, and it is deeply embedded in our general metaphysical concepts – especially our concept of object identity through time, our distinction of substance (conserved in existence) versus properties (which change to give the sequence of existence, or time sequence), and our intuitive view of causation which is based on the view of continuous changing properties connected through time by underlying object identity. Time flow is also central to our concepts of freedom, will, action, mind, determinism, and so on. It is hardly clear that this deep metaphysical concept can be consistently removed from our general conceptual scheme for physics. And we are surely justified in carefully exploring whether adding it to ordinary physics gives a theory that it is really coherent with modern science. Conversely, the strongest arguments against time flow are that it has no role to play in physics, and that it contradicts relativity theory
. If opponents of time flow can show that adding time flow to physics leads to an inadequate theory, they will have strengthened their case. 

At any rate, I propose to examine what happens when we add time flow to ordinary physics, to see what effect it may have, and whether the result is really consistent.  

The first place to start is with the Minkowski space-time metric for STR, which encapsulates the fundamental symmetry of STR. This is written as a line-metric: 
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STR line metric represented in a rectangular coordinate system: (t, x, y, z).   

This is interpreted in STR as characterizing the space-time metric, i.e. the metric quantity appropriate to the space-time manifold. The form of this metric is invariant under the Lorentz Transformation on space and time. This means that we can re-express (1) in a transformed coordinate system: 
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STR metric represented in a transformed rectangular coordinate system.   .

And as long as the transformation from (t,x,y,z)((t’,x’,y’,z’) is a Lorentz transformation, (1) and (2) are equally valid descriptions. 

However, our Postulate 1 means that there is a special coordinate system in which t is purely time, and r = (x,y,z) is a purely spatial vector. Let us assume that this is represented by the coordinate system (t,x,y,z) in (1). Then the variables t’ and r’ in (2) are not purely time or space variables, but mixtures of these quantities.  

By the same token, Postulate 1 means that time and space are absolute, and are absolutely separable as physical quantities. The natural first step is to separate time from space, rearranging (1) as: 

(3) 
[image: image3.wmf]2

2

2

2

2

2

2

2

2

2

dz

dy

dx

d

c

dr

d

c

dt

c

+

+

+

=

+

=

t

t


Now we have ‘absolute time’ on the left hand side, and a mixture of ‘absolute space’ and proper time on the right hand side. Interpreting the nature of proper time, or process time, is the second big step in the TFP theory: 

Postulate 2. Proper time for fundamental particles is a motion in space. 

Proper time will be interpreted as a motion in an orthogonal spatial direction to ordinary (3-D) space. This requires us to expand the dimensionality of the spatial manifold. Proper time motion is cyclic or periodic, because the additional dimensions of space are tightly ‘curled up’ compared with the usual XYZ directions. See Fig. 1 and 2 for an illustration of simple types of space manifolds.

To begin with, we can suppose that there is just one additional dimension of motion of fundamental particles or particle-waves (two different ways of achieving this are illustrated in Fig. 1 and 2). We take the motion in ordinary space, as usual, to have a velocity: v = vr = dr/dt, with: r = (x2+ y2+ z2) ½. We take the additional motion corresponding to proper time to be in an orthogonal direction, w, with: vw  = dw/dt, with w as simple regular coordinates. Hence we define d simply by: 

(4) 
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The new spatial dimension W is fundamental, whereas ‘proper time’ is now considered as a defined quantity. Then (3) is represented by: 

(5) 
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Now on the right hand side we have a purely spatial quantity, while on the left we have the purely temporal quantity, multiplied by the speed of light. We take the spatial quantity to represent the metric of absolute (higher-dimensional) space, which we write as: 
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And we can rearrange (5) as: 
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Now this simply means that all particles travel at the common speed c in the WXYZ-manifold. (7) is equivalent to the original (1): it has merely been rearranged, with the term dinterpreted using the extended spatial manifold direction, w. But (7) looks somewhat simpler than (1): in particular, it involves only an apparently Euclidean spatial metric (for the WXYZ-space), and it represents a principle that the speed of all particles in the WXYZ manifold is uniformly c.
 
We now consider the kind of model intended to embody these relations. The natural model is introduced by: 

Postulate 3. Fundamental particles are waves in a higher-dimensional spatial manifold, which has the three ordinary dimensions (X, Y, Z) with large extension, and other dimensions (W) with very small extension. 

There are two topologically different types of models: (A) where particle-waves travel through the manifold, (B) where waves travel on the manifold (hyper-) surface. 

(A). The simplest model takes the space manifold to be a four dimensional volume forming a ‘plate’, unlimited in extension in three directions (X, Y, Z), but with limited ‘thickness’ in the fourth dimension (W), and with two 3-D separate hyper-surfaces, as illustrated below: 
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Figure 1. The 4-dimensional ‘plate’ manifold. Particles or waves ‘bounce’ between two hyper-surfaces.

In this model, we can first of all envisage a point-like mass particle moving by bouncing ‘up and down’ between the two hyper-surfaces at w=0 and w=W, while moving with an ordinary velocity, v = dr/dt, along the surface directions, which form ordinary 3-D space. This particle moves through the manifold volume itself. 

We subsequently model this as a wave-motion of the manifold, rather than a distinct point-like particle. We will see below that the wave-like motion naturally obeys a type of relativistic equation (a kind of Klein-Gordon equation). The thickness W of the plate gives a natural ‘quantisation’ of the system. And the kinetic energy of the motion in W gives the rest-mass energy while the kinetic energy of motion in XYZ gives the ordinary kinetic energy. 

Proper time is equivalent to the number of ‘bounces’ that occur along the trajectory – since every bounce represents a distance of W in the W direction. This is invariant, no matter how we choose the inertial frame for the XYZ-space, because the number of bounces is an absolute quantity. 

A massless particle – such as light – has no motion in W, and so travels in XYZ at the speed c. It has zero proper time rate because it has no motion in W. 
The immediate point is that this model generates the ‘STR metric’ automatically, from the principle that all particles travel with the same total speed, c, in the manifold. For this principle is precisely Eq.(7). And this is equivalent to (1), given that we identify proper time through (4). 

As a result, the law of motion, (7), for the system, is invariant in form under the Lorentz transformation on ordinary space, XYZ, and time, t. I.e. we can transform the coordinate system for (t, x, y, z) ( (t’, x’, y’, z’) by a Lorentz transformation, giving the particle a velocity boost in the X-direction, say, and the law of motion (7) looks exactly the same. 

So this system precisely satisfies the Lorentz symmetry. We have started by assuming that the spatial manifold is an ‘absolute space’, but from the point of view of an physical observer embodied in the space, there would be no way of telling what the ‘absolute velocity’ w.r.t. space is – exactly as in STR. Physicists who favor a relational view of classical space could equally well adopt a relational theory of this TFP space, and deny that absolute space is needed – the question is now exactly the same as the choice of absolute (Newtonian) space versus relational (Leibnizian) space in classical physics. Equally, if we hold that all particles and all causal physical influences propagate at the speed c, there is no way of detecting absolute simultaneity in this system. 

So if we like, we can consider the assumption of ‘absolute space’ that we began with to be just an heuristic device, used to give a concrete visualization of the model, and then revert to the relationist conception of space – which now corresponds exactly to the relativistic philosophy. However, this is only the initial model: when we move to allowing global curvature in the XYZ-directions, we find that, although the Lorentz symmetry still holds at the local level, global considerations will require an absolute space, and absolute simultaneity is necessary after all. We will also find that the natural mechanism for gravity in this model, which involves the local curvature of space, departs very slightly from GTR, and is not exactly covariant. 

We need to show how EM waves are embodied, how quantum mechanics appears, how gravity appears, and so on, but the first main point of the model is now evident: 

Proposition. We can make a natural mechanical model that generates the STR relations between space-time and proper time by expanding the spatial manifold to a higher dimensional manifold with a ‘compressed’ dimension of space, and using the motion in this new dimension to interpret proper time. 

· Note that STR gives no deeper interpretation of proper time: proper time is taken as fundamental and unanalyzed. It corresponds operationally to ‘process time’ (amount of physical process), and is interpreted theoretically as the metric quantity for space-time. But STR does not interpret what proper time is in any deeper way. The TFP model, by contrast, does interpret proper time, and reduces it to a spatial quantity, giving a unified mechanism for STR metric relation.  

· TFP offers a simple unified ontology: there will no longer be a space-time manifold plus an independent set of particles; instead there will just be a space manifold, with time as the sequence of change, and with particles constructed from wave-like disturbances of the space manifold. Physics turns into a kind of pure continuum mechanics of space. (This is similar to Descartes’ ontology). 

· There is a radical change of philosophy from GTR: instead of having space-time with an intrinsic curvature, we revert to an extrinsically curved space manifold, conceived as a ‘substance’ set in a truly empty geometric manifold of ‘empty geometric space’.

· This is a fundamental question posed by TFP: can we reformulate physics using an extrinsically curved spatial manifold, instead of an intrinsically curved space-time manifold? I don’t think we can answer this question using metaphysical or logical arguments: instead we have to look in detail to see if the alternative theory is coherent and sensible in the context of known physics, which is the aim of the rest of this paper. 

5. The main type of TFP model: motion on curled-up hyper-surfaces. 

The simple model above (Fig.1) is one possibility: but the most realistic models are topologically different, and involve multiple extra spatial dimensions, curled up into (hyper-) ‘pipes’, with ordinary particles constructed from wave motions on the hyper-surfaces, rather than waves that go through the manifold volume. This is required so that ordinary particles (including light) have the common speed, c – since surface waves and volume waves generally travel at different speeds in continuum mechanics. (But some special short-range, unstable particles - some bosons, for instance - may be identified with volume-waves rather than surface waves). 

The simplest model of this kind is illustrated below: we introduce a five-dimensional spatial volume, with the extra two dimensions curled up like a pipe. This forms a 4-D curved hyper-surface, and we postulate wave motions on this surface.
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Figure 2. A short segment of an ‘electron-pipe’ with a ‘stationary’ particle, a, (i.e. stationary in XYZ) and a moving particle, b.  On a Lorentz transformation, particle b can transform to become stationary in XYZ, while particle a moves in the opposite direction to the original motion of b. 

Stable fundamental particles will be identified with lowest wave-modes (lowest energy waves) on the manifold hyper-surface. The most obvious candidate is the electron. The length W (circumference) of the ‘pipe’ will determine the fundamental rest-mass of the fundamental particle. 

But of course we need more than one type of fundamental particle, and the most promising model so far appears to be the 6-D ‘torus-sphere’ depicted below, which allows two main types of simple fundamental mass particles, corresponding to electrons and either protons or quark-like components of protons. While this only allows two fundamental types of stable particles, a host of additional types of particles can be constructed from more complex wave combinations. 

This model also introduces the notion of the global curvature of ordinary XYZ space. 
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Figure 3. The main TFP model of space considered below.

At a surface-point z = (x, y, z, we, wq), on the manifold surface, there are 5 independent and orthogonal surface directions (illustrated in different colors), in the x, y, z, (red) we (blue) and wq (green) directions, respectively. 

But note that there are six independent directions within the manifold volume itself, and points: (u, v, w, x, y, z) within this manifold volume must be written in different variables, or a different vector system, to those for the surface points. 

However we will generally use surface points, with the special variables: z = (x, y, z, we, wq), for points on this surface. We retain: r = (x,y,z) to represent field-points in ordinary 3-D space: but now each such point represents a torus surface at that ‘point’, and we must add positions: u = (we, wq) on the torus to get to true spatial points. We can develop a periodic ‘quasi-rectangular’ coordinate system for the torus, as illustrated next. 
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Figure 4. The torus hoop. 
Figure 5. The torus tube.

We first ‘cut’ the torus through the (red) section in Fig 4, and open it into a (slightly distorted) pipe. Then we cut along the (blue) edge of the pipe shown in Fig. 5, and open it into a (slightly distorted) rectangle, in Fig. 6 below. We will ignore the slight amount of ‘bending’ involved, and assume Cartesian coordinates on it. In this theory, the ratio of the two diameters in the W-torus is about 600, so the distortion from a truly square coordinate system is quite small. 
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Figure 6. Quasi-Cartesian coordinates for the torus surface. 

This coordinate system is then (quasi)-Cartesian, with the usual Pythagorean formulae for distance. A 5-D surface vector z has two sub-components: r = (x, y, z) and: u = (we, wq). These are in orthogonal sub-spaces, and we should really write: r = (x, y, z, 0, 0) and: u = (0,0,0,we, wq) with: z = r+u, with: | z| = | r + u| .The length of: z = (x, y, z, we, wq) is: 

| z| = (x2+ y2+ z2+ we2+ wq2) 1/2
The 5-D surface holds the fundamental waves used to model fundamental particles. On the cosmological scale, our 3-D space XYZ is observed to be expanding, like a kind of bubble, blown up from the Big Bang, which is ‘stretching’ the surface in these directions. EM radiation (light) consists of waves traveling purely in the ordinary 3-D spatial directions (x, y, z), while particles with rest mass are waves with components in the we and wq directions. 

It is impossible to visualize such a higher-dimensional manifold all at once; but to obtain visualizations of it, we can consider particular three-dimensional cross-sections. E.g. we can consider the 3-D volume enclosed by the two-dimensional surface formed by the manifold cross-section in the we-direction and the x-direction. This is like a hollow ‘pipe’, with circumference We. If we consider only a short section in the x-direction it looks like this:
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Figure 7. A short segment of an ‘electron-pipe’.  

This pipe is hollow, and the thickness of the pipe wall (obtained by leaving the surface and traveling through the manifold volume) is given by the q-diameter, We/. 

If we consider the full extension of space in the x-direction, with a simply curved global sub-space in XYZ, this cross-section looks like a hollow pipe curved into a global hoop (different from the ‘torus hoop’): 
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Figure 8. Electron pipe on global scale is a hollow ‘pipe’ curved globally into a ‘hoop’. 

A similar global-scale hoop is produced by the x-wq–surface, but it is not hollow, and has a different topology.

6. Interlude: summary so far. 

We have now seen the type of physical model for space, time and proper time that TFP is based on: everything is constructed from wave motions on hyper-surfaces of higher-dimensional spatial manifolds. The main point so far is simply that the motions of waves on such manifolds, governed by the basic principle of universal speed, (7), automatically generates local Lorentz symmetries, and provides a purely geometric-mechanical model for STR and basic relativistic effects.
 
We must turn next to the major areas of fundamental physics, to see if this kind of model can really provide a unified theory. Major areas to consider are: 

· STR: relativistic mass-energy, particle mechanics, EM waves and fields. 

· Quantum theory 1: mass waves, particle mechanics, intrinsic spin, quantization, the Schrodinger equation, imaginary wave functions. 

· Quantum theory 2: quantum field theory, local forces, particle interactions, construction of families of particles. 

· Quantum theory 3: measurement theory, wave function collapse, quantum probability theory. 

· Gravity and GTR: mass-energy curvature of space, the Schwarzschild solution, planetary physics, astrophysics, black holes, dark matter. 

· Cosmology: the Big Bang, inflation, expansion of the universe, evolution of fundamental constants. 

· Thermodynamics: time directionality, origin of irreversibility. 

The first point is that the TFP model is expected to naturally generate explanations and predictions of these various features of known physics. For instance, we will see that it naturally generates mass-waves, relativistic energy relations, and a relativistic version of the Schrodinger equation, without adding any extra fundamental ‘quantum principles’. It also naturally generates a very close equivalent to the Schwarzschild solution of GTR, and it compels a powerful cosmological theory, simply through the natural development of the underlying model. This model is a kind of continuum mechanics, with its own natural principles. 

The case that the TFP model naturally generates so many diverse features of ordinary physics, reproducing most of the essential structures of quantum theory, gravity theory, and cosmology (with certain differences) is the immediate basis for taking it seriously as a framework for a unified theory. 

7. Mass-energy relations and basic quantum mechanics. 

In the TFP model, mass is no longer a fundamental quantity: it is a constructed quantity, which reduces to properties of the waves embedded in the manifold. The fundamental quantity is energy, which is absolutely conserved, and the mass of a particle is defined from its energy. The fundamental measure of energy is through the frequency relation that Planck discovered for light:  

(8) E = hf
The form of this equation is a result of the general wave mechanics on the manifold, rather than a separate imposition from QM. The quantum mechanical constant h just happens to be the appropriate physical constant to put in the relationship – and of course, this is necessary for the continuity between photon energies and mass wave energies.  f is the frequency. This is defined generally below, but for a ‘stationary’ particle, i.e. with v = dr/dt = 0, and hence: dw/dt = c, it is simply the frequency of rotation of waves around the W dimension. This depends upon the wave mode of the particle: we can construct a number of different wave modes.  The simplest (lowest energy) has half a wavelength around W. The next simplest has one wave length around W. For simplicity we will start with a model of a simple particle with a full wave-length (although in fact, the mode with half a wave length corresponds to the spin-½  electron, whereas the mode with a full wave length gives a spin-1 particle). 

Given a wave with a full wave-length rotating around the W-pipe at speed c, the wave length is the circumference of the pipe, W,  and the frequency is: 

(9) f = 1/T = c/W

Hence we get: 

(10) E = hc/W 
Mass is defined from the energy by the relativistic relation: 

(11) E = mc2 
or: 
m = E/c2
And in this case, we have: 

(12) E0 = m0c2 = hc/W
We have written this mass as m0 because this is the rest mass of the particle (since the ordinary velocity v = 0.) This determines the fundamental relation between the rest mass and the circumference of the W-pipe: 

(13) W = h/m0c
This is the Bohr ‘circumference’ of the particle. In physics, of course, we measure the mass directly, and infer the size of W subsequently; but in the model, the mass itself is not fundamental, it is defined through the energy, and constructed from the fundamental wave motion in the manifold. 

We now obtain the mass of a moving particle, by considering its frequency and energy. Obtaining the frequency correctly is the first slightly tricky point. We imagine that the wave is a plane wave in ordinary space, and we require the frequency at which the wave fronts pass a given field point, call it z.  

But I note first that it is much easier to calculate the alternative frequency at which a given nodal point on the wave rotates in a full circle around W – but this is not the frequency we want, because it involves traveling to a different field point, z, as we follow the wave node.
 We will work this out first, and call it F to distinguish it from f.  To find F we simply follow a point on a wave-front, and see how long it takes to circulate. We have the fundamental relationship, from (7), that: 

(14) 
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where  is defined as the usual factor: 
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The frequency F is simply: 

(15) 
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But this is not the true frequency f that we observe at a fixed point of space, which is required in the energy relationship, and is instead: 

(16) 
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This can be obtained from simple geometric considerations illustrated next. 
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Figure 9. Geometry for a simple mass-momentum plane wave. 

Fig. 9 illustrates a plane wave, with wave nodes (constant amplitude) shown in blue. The central node (dotted blue line) is at half a wave length. Wave vectors (direction of the wave motion) are shown in red. The wave fronts move in the direction of the wave vectors (red) at speed c. The ‘true wave-length’ corresponds to the length of the (red) wave vector arrows, and simple geometry gives the length as: W/. Wave fronts (or nodes) arrive successively at the fixed point z every time a node travels half the true wave-length, and since it is moving at the speed c, the full period is: T = c/c/W.  The wave appears to move from right to left in ordinary space, x, at speed v. It appears to have a wave-length in ordinary space of: xWc/v. 

Using f in the energy relation (8) we obtain: 

(17) 
[image: image12.wmf]W

hc

hf

E

g

=

=


and the mass is determined to be:

(18) 
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This is of course the usual STR mass-energy relation, but it is generated from the underlying mechanics of the TFP model, not postulated separately. 

We also define ordinary momentum and total momentum in the usual way, with magnitudes:

(19) p = mc 
(20) px = mvx 


Etc. A useful representation is provided by the following kind of diagram, in which the W-pipe is imagined to be ‘unrolled’ in the vertical direction, giving a system of periodic Cartesian coordinates for W. 
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Figure 10. The surface of the pipe of Fig. 9 is ‘unrolled’ (vertical direction) to give a planar representation of the pipe surface, periodic in w. Wave fronts of plane waves move towards the top-left in the direction of the wave vectors (red). The dashed horizontal lines are all at the same point in W, and represent the periodic representation of w. 

We begin with sinusoidal plane waves of unlimited extent in the ordinary space (like in basic quantum mechanics); we will construct concentrated wave packets a little later when we introduce gravity, but first we observe some fundamental properties of this system that show how it gives a simple model for relativistic quantum mechanics. 

In terms of Fig.10, the wave fronts of a 'stationary' sinusoidal mass wave, with zero ordinary momentum: px = 0, would coincide with the horizontal dotted lines, spaced at W. Gaining or losing momentum has the effect of rotating the waves. This rotation compresses their true wavelength,  in the direction of propagation, from W to W/. This increases the total frequency, f, and hence the energy E=hf and the mass m = E/c2, by the right amount for the Lorentz transformation. The ordinary spatial wavelength, x, also decreases, and we will see shortly that this is the de Broglie wavelength of a mass wave. The resultant wave is the product of slower mass and momentum waves, into which it decomposes. The ordinary momentum component has a total mass: m = m0 with speed vx in x, while the mass-component has the same mass,  m with speed c/ in w. Neither component, taken separately, forms a particle - they move too slowly, and fail the relation: E = pc. Only their combination has the required properties. These two components may be visualized as projections of the plane wave on the orthogonal axes x and w.  

Because this system has the standard relativistic mass-energy relations, and conservation of energy and momentum, all the standard relativistic effects of particle interactions are also automatically generated. E.g. we can consider the situation where a particle of light impacts the stationary mass-particle, and combines with it, transferring momentum and energy to it. We suppose the light particle has defined mass m1 (defined from: E = hf = m1c2), and velocity: vx=c,  vw=0, and energy: m1c2. It combines with the first particle to make a conglomerate particle. 

[image: image255.wmf] 

 

W

g

c/v

 

 

 

 

  

Wv

g

/c

 

 

l

x

 

º

 

Wc/v

g

 

 

 

 

 

 

 

 

 

 

q

 

 

 

 

l = 

W/

g

 

 

Mass wave: p

w

 =

 cm/

g

 

Wc/v

 

 

so: f = c

g

/W

 

 

 

 

 

and: E = hf = h

g

f

0

 

 

 

 

 

 

cos(

q

) = 1/

g

 

w

 

x

 

W

 

Momentum wave: p

x

 = vm

 

z

 

Figure 11. Momentum-Energy diagram for the collision of a photon with a mass particle. But note that angular momentum (spin) is not conserved in the interaction shown here. 

Suppose that the interaction combines all the available momenta into a single particle. The final mass of the resulting particle, mfinal, is not simply: m0+m1. Instead, by total momentum conservation, since the final speed of the conglomerate particle is c: 


pfinal = mfinalc = pinitial = (m02+m12)1/2c  

Or:   


mfinal = (m02+m12)1/2

But linear momentum conservation requires: 


px,initial = m1c = px,final = (m02+m12)1/2vx
so:


vx = m1c/(m02+m12)1/2 = px/mtotal
And this process of momentum addition is precisely what is required to accelerate the original 'stationary' particle, with rest mass m0, to become a particle with velocity v1. Hence, this v1 may be substituted as V into  for a Lorentz transformation, i.e.: 


= 1/(1-v2/c2) =  1/(1-(m1c/mtotal)2/c2) = 1/(1-(m1/mtotal)2)

Hence: 


m0 = m0/(1-(m12/(m02+m12))1/2 = (m02+m12)1/2 = mtotal
This illustrates mass dilation. Note however that some energy is unaccounted for in the previous process, viz. 


Einitial = (m0+m1)c2
 whereas: 


Efinal = (m02+m12)1/2c2
The difference is: 


Ediff = c2((m0+m1)-(m02+m12)1/2)

For m0>>m1, as with small accelerations, this is approximately: 


Ediff  ( c2m1/2
I.e. only about half the energy of the light particle can be provided to the mass particle to increase its momentum. The rest must go somewhere else, e.g. a pair of additional photons might be created, moving in opposite directions, so their momenta cancel, but their combined energy is E1/2. This implies that a free particle cannot simply completely absorb a photon – some additional particles need to be created, such as two additional photons each with roughly a quarter of the energy of the original one, to preserve the energy-momenta balance, as similarly required in ordinary STR. But note that angular momentum (spin) is not conserved in the interaction shown here.

The de Broglie wavelength.

The projection of the moving wave in Fig. 10 onto the x axis gives a wave in ordinary space with the de Broglie wavelength. For the particle with ordinary motion vx in x:

x = (c/vx)W

(Geometry)


= (c/vx)(h/m0c)
(13)


= h/m0vx
Rearranged)

= h/mvx
(Definition of relativistic mass: m = m0)

Hence: 

(21) x= h/px

The de Broglie Wavelength.

Intrinsic angular momentum and magnetic moment. 

The mass-wave rotates around the W-pipe, with a circumference ofW = h/m0c, or radius of h/m0c = 

/m0c. For the ‘stationary’ particle, the speed of rotation is: vw = dw/dt = c, generating an angular momenta:

(22) 
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This is the intrinsic angular momenta of a spin-1 particle. Note that this is independent of the rest-mass, so it is common to any particles constructed with full wave-lengths around W.  It is also independent of the x-velocity of the particle, because, for a moving free particle, the mass increases by canceling with the vw velocity decrease of 1/ i.e. for the particle in general motion: 

(23) 
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Spin-½ particles. 

If we construct a particle with rest-mass m0, but with only half a wave-length around W (the lowest possible wave mode), we get instead, for the ‘stationary’ particle: 
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(24) 
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So this gives a spin-½ particle. This is how we must model real electrons, for instance. But we can ignore the difference between spin-½ or spin-1 particles for the moment. 

An intrinsic magnetic moment is predicted in a similar way, by taking the electric charge of an electron to be literally orbiting around W, creating an electric current loop, similar to the circular 'mass current' that gave the intrinsic angular momenta. The predicted magnitude of the magnetic moment is then: 

(25)   =  qvr = qch/m0c = q

/m0 
Again, this is correct for a spin-1 charged particle of charge q, but twice the real value for the spin-half electron, which is correctly modeled instead by taking the half-wave solution, just as with the intrinsic angular momentum. 

While the magnitudes of these 'intrinsic moments' are easily determined, their directions are more difficult to fathom, because this brings into play the properties of higher-dimensional angular momenta. In three dimensional space, the angular momentum is set as orthogonal to the plane of rotation, but now we have more than one orthogonal direction of space. But I will not pursue these details here. Instead we turn to the more general QM wave function, and I propose that it has a nice home ready-built in the space manifold.

8. A relativistic QM wave function. 

We now specify the boundary conditions for the waves in our manifold, and we can show that they immediately determine a relativistic version of the Schrodinger equations (a Klein-Gordon type equation) for a free particle, for complex wave functions
. We consider a free particle, as depicted in Fig.9, with ordinary motion only in the x-direction, and for simplicity we can ignore the two other (y and z ) directions (partial differentials w.r.t. y and z are all zero). Space-time points can be represented by: (x,w; t). 

(26) The periodic nature of w means that the points: P0 = (0,0;0), and P1 = (0,W;0) are identical space-time points. 

We suppose there is a wave function: =  (x,w;t).  The values of this wave function are taken in ordinary QM as imaginary numbers. We will later interpret the waves as distortions of the W-pipe, but for the moment, we need not bother with the interpretation of the complex amplitude at all to obtain the solutions for complex wave functions: all we really need are boundary conditions, which apply whatever the wave amplitudes represent, along with the previous energy and momentum relationships, which relate the energy and momentum to the frequency and wavelengths of simple complex sinusoidal solutions. 

Eq. (26) gives the first boundary condition, which is simply that: 

(27) (x,w;t) =(x,w+W;t)
The derivation of general solutions of this kind of wave function are well known, and I will just specify the simplest complex sinusoidal wave function solutions, and point out the equivalence with QM solutions. The simple solutions are separable as the products of four wave functions, labeled as follows: 

(28) 
(x,w;t) = x(x;t)w(w;t)  =  px(x)pw(w)tx(t)tw(t) 
px and pw have respective wavelengths: x = W(c/v), and w = W (for spin-1 particle). tx(t) and tw(t) have respective wave speeds: vx = V, and vw = c/, and periods: Tx = x/vx = Wc/V  and  Tw = W/c. The period of the full wave is: T = W/c, with speed c. 

Boundary conditions pertaining to the space-time origin: (x,w;t) = (0,0;0), for the full periodic wave function (x,w;t), are:

(29) 
(0,0;0) = (x,0;0) = (0,w;0) = (0,0;T) 

And more generally at an arbitrary point (x,w;t):
(30) 
(x,w;t) = (x+nxx, w+nww; t+ntT),   where  nx, nw, nt  are integers.

These conditions are satisfied by a complex plane wave with crests traveling at velocity vx = V, vw = c/, and vtotal = c. A simple complex plane wave solution is:

(31) 
(x,w;t) =A Exp((2i/W)(xvx/c + w - t(c/ + vx2/c) ) 

Substituting for W using (13), this is: 

(32) 
(x,w;t) =  A Exp(i/

)(pxx+pww -(Ex+Ew)t)



= AExp(i/

)(pxx+pww -(Ex+m0c2)t) 


The complex conjugate is also a solution of the boundary conditions, but is a 'time-reversed' solution, as obtained by taking the ordinary time reversal, T, of the Schrodinger equation. It naturally represents the anti-particle of (32). Note that the combined operation of time reversal and complex conjugation, T*, which is normally adopted as the 'time reversal' operator in QM, leaves the Schrodinger equation and the solution (32) invariant.  The general wave function (for a finite volume) can be expanded as a sum of such plane waves
.

(32) is equivalent to a basic Klein-Gordon type wave function for a free spin-1 particle, i.e. the simplest variety of relativistic Schrodinger-type wave. The wave function (32) satisfies the Schrodinger equations for a free particle, as shown by differentiating w.r.t. x, w, and t. 
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Hence this solution satisfies the usual momentum eigenvalue equation: 

(34) 
[image: image21.wmf]x

i

p

x

¶

Y

¶

-

=

Y

h


For the second spatial differential:

(35) 
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Similarly for the spatial differentials w.r.t. w:
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So the total second spatial derivative is:

(38) 
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The time differential is: 

(39) 
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This is a relativistic version of the time-dependant Schrodinger equation for a free particle (without spin components), and combining (39) and (35) gives the relativistic version of the Schrodinger equation for a free particle. 

This shows how complex wave functions in the TFP manifold give rise to fundamental quantum mechanical relationships. These features are derived without making any additional assumptions taken from QM itself. We have simply solved the complex wave functions for the various boundary conditions, without specifying what the complex amplitudes represent. We will consider this after considering the theory of gravity, next. 

To develop quantum mechanics fully in this model we need to incorporate spin, extend the analysis to include potential terms, obtain the non-commutative operator algebra and the Heisenberg uncertainty relations, and so on. But the way to do this appears fairly straightforward – they come directly out of the fundamental relations, rather than having to be proposed separately. We also need to model photons, electric charge, electric and magnetic fields, and give a full version of STR applied to electro-magnetism. But again, the way to do this also appears to be determined, because the TFP manifold simply provides a natural home for STR, and we can transform the EM tensor field into TFP terms. 

It is obviously much more problematic to deal with the full detail of modern particle physics, quantum field theory, and the standard model. However, the ingredients for interpreting these in TFP are petty well determined: everything must be constructed from waves in the space manifold. the details will be difficult to work out – and the precise topology for the manifold may be difficult to establish – but the aim of this project is nonetheless clearly determined and straightforward, and the possible solutions should rapidly become clear from known features of particle mechanics and QFT. 

A further problem is the interpretation of quantum probability theory and quantum measurement theory, the interpretation of the complex wave function, and the phenomena of wave function collapse, which really seems the most difficult thing to deal with. I will comment on this problem later, but we turn now to the TFP theory of gravity, and then to some of the implications of TFP in cosmology. These clarify the interpretation of the QM wave function, and expose features of the theory that need to be recognized. 

9. TFP Gravity and GTR. 

The TFP theory of gravity is simply compelled by the notion that the mass-waves embedded in space must cause a local expansion or stretching of space. This expansion contains the mass-energy. This generates an extrinsic curvature of space around each particle, and this curvature leads directly to the acceleration of particles towards each other, giving rise to gravity. 
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Figure 12. Gravitational curvature in a simple ‘solid’ particle-pipe.

The TFP theory of gravity is specified by giving the functional relationship between a given mass-energy and the curvature it generates, along with a superposition principle specifying how curvatures of multiple masses add together, and the effect of a gravitational field on the energy of embedded masses. 

First we should note that GTR has a qualitatively similar kind of mechanism, where mass-energy generates a curvature of space-time, by Einstein’s equation. The comparison of TFP gravity with GTR gravity is central to evaluating TFP – since TFP must approach GTR very closely, if not exactly, in the limit of weak gravity at least, which it does. But the philosophy of TFP is dramatically different: in TFP we have an absolute space manifold, and we envisage an extrinsic curvature of this manifold, whereas in GTR gravity manifests as an intrinsic curvature of ordinary space-time. 

It may be wondered whether there is a precise translation between TFP gravity and GTR, as we found earlier between simple TFP ‘relativity theory’ and STR. In a broad sense, a precisely equivalent theory to GTR is possible using extrinsically curved manifolds, because various theorems in geometry show, for instance, that any intrinsically curved space of dimension N can be modeled as an extrinsically curved hyper-surface in a space of dimension 2N.
 

However, an equivalent theory to GTR reformulated in the TFP manifold is not physically realistic, and a slightly different solution is required. The difference between the two is very small in weak gravity, but becomes large in strong gravity. Moreover, the symmetries of the two theories are different. GTR is a covariant theory, which means that it has a perfect Lorentz symmetry. It appears to be essentially the only theory that is perfectly covariant (with the possible variation of a cosmological constant giving an additional global curvature) – which is the main clue Einstein followed in constructing it. TFP is not perfectly covariant, and this is where the assumption of absolute space and time that we began with really comes out of the closet. However, TFP has other powerful symmetries.

TFP Gravity: the strain function for a single central mass. 
We first consider TFP gravity in the simple model considered previously, where we model just one kind of fundamental particle, embodied as waves in a particle-pipe, W. (We must subsequently consider more complex topologies, such as the torus-sphere model sketched previously; but the results are easily generalised). The energy of a central stationary mass M stretches space outwards, increasing the size of W around the particle. The equation relating W to M will be called the strain function, and is the key fundamental equation we need to obtain. We define W0 as the W-pipe circumference in completely empty space (or as we go to infinity away form a mass). W(r) is the strain function, and for a stationary mass is: 

Postulate: basic W-strain function.

(40) W(r) = W0 exp(MG/c02r)
 

We define the ratio of W(x)/W0 as the strain ratio, K(r). It is the factor by which the rest-mass M stretches the space manifold surface around it outwards, as a result of its rest-mass energy. 

(41) K = W(x)/W0 = exp(MG/c02r) 

It remains to specify what the variable r means exactly. It is the radial distance from the mass M, but it is not quite the ordinary spatial radius. To make this clear, we define an approximate version of TFP gravity, called K-gravity, where we do take r as simply the ordinary spatial distance: 
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(assuming Cartesian coordinates for space, with the mass M at the origin). In ordinary applications, e.g. to analyse planetary trajectories, we will use K-gravity. But this would generate a singularity in W(r) at the origin, (x,y,z) = (0,0,0), and is not ultimately correct. 

The exact interpretation of r is illustrated in the following diagram. 
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Figure 13. Gravitational curvature.

For a general vector to a space-point, length is Euclidean. In the six-dimensional geometric space of the torus-sphere model, we can define a square Cartesian coordinate system: r = (u,v,w,x,y,z) with:  

r2  = u2+ v2 + w2 + x2+ y2+ z2

Length of vector r in UVWXYZ. 

By aligning the x and w axes to a field point r, we can reduce the coordinates for r to: 

r = (0,0,w,x,0,0) 


and the length is just:

r2  = w2 + x2
The field-points of space that we generally work with are on the 5-dimensional hyper-surface of the physical space manifold. The distance to a point at radius x on this manifold surface from the central point at (0,0,0,0,0,0) is then given by:

(42) r2  = ((W/ + x2)
Distance from center of mass to a surface point.

W/ is the radius corresponding to the W-circumference (analogous to ħ and h).  

Using the value of r given in (42) in (40) and (41), there is no singularity at x = 0, and we have: 

W-Gravity Basic Strain Equation for Stationary Central Mass M.

(43) 
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To a very close approximation for most purposes, this is just: 
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W and K have a special maximum value at the center, W(0) and K(0): 
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Maximum central values
We can then apply this to a fundamental particle, taking: M = m0 = h/cW0, to get special solutions I will call WP and KP   (“p” for particle): 
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and similarly for KP. I don’t think the values for W have analytic solutions, but approximate values are easily found. For real fundamental particles – electrons or protons - KP is very close to 1, and WP(0) is very close to W0, so the value of KP  is very close to: 

(50) 
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 for electron or proton. 

So the spatial distortion caused by a fundamental particle is extremely tiny indeed. A graph of K for a very large mass, of approximately 1040 protons treated as a single point-mass, is given below.  
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Figure 14. K for a large mass of about 1040 protons treated as a single mass at x = 0. 

The function K for a single particle has the same kind of shape, but with the amplitude scaled down by a factor of about 1040. 

Superposition principle. 

We now give a superposition principle, to determine the strain function W or strain ratio K generated by adding a number of mass. This principle is general, but we begin by illustrating it for two source masses, M1 and M2, which are stationary in our assumed frame of reference. The function K above is the special function for a single mass. In the general situation, we specify a general scalar field, called (r).  (r) is called the general strain field on the spatial manifold. In the single stationary mass case, the spherically symmetric function: K(r) = exp(MG/c02r) provides (r).  I.e. for the single central mass case the general strain field is simply:  
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Central Mass Strain Field

The superposition principle for (r) is obtained from the idea of applying the field of a second source mass, M2, to a point in space which is already affected by the field of M1. The principle is that: 

(52) 
[image: image38.wmf])

(

)

(

)

(

1

2

12

r

r

r

k

k

k

=


Superposition Principle
where (r) is the strain field from first introducing mass-energy M1, and subsequently introducing M2. In the special case of stationary masses, we have: (r) = K(r1,M1), and (r) = K(r2,M2), where r1 is the radial distance from the mass M1 to the field point r, and r2 is the radial distance from the mass M2 to the field point r. But (50) is a general principle, which applies to the strain fields generated by any mass-energy distribution, including masses in motion. We now check some simple logical properties of this rule for the simple case. 

Commutivity.

The superposition principle is commutative w.r.t. the order in which source masses are introduced. We indicate this order by writing: (r), or (r), and commutivity means that: 
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Commutivity of Source Mass Order
This essential for a conservative field, i.e. for energy conservation. Commutivity follows because:  
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and the result is independent of the order. 

Additivity of Source Masses.

The next essential property comes from considering what happens if we take a single source mass, M, and decompose it into two parts, M1 and M2, placed on top of each other. We obtain the same result no matter how we divide the mass up, since in this case r1 = r2 = r in (74), giving: 
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Additivity of Source Masses
And by iteration it is obvious that we can divide M in to any number of distinct masses collected together at the same point. 

These two symmetries alone determine the form of the superposition principle. 

Generalised sources.

The next step is to determine the strain field for source masses in motion, by giving the source mass an initial non-relativistic velocity, v = vx, in the x direction. We take its center to be at the origin at r=0 at t=0. The result is that the radial distance r in the K function becomes a function of time. But there are two choices for causal connection between the source and the field, corresponding to instantaneous or finite transmission. In a Newtonian world, we could make the connection instantaneous: we then just put the instantaneous separation, call it |r(t)|, between the source-point and field-point at a moment t, into the equation for K = K(r0,t). This would correspond to a simple Galilean velocity transformation, both on the source and on the field K, and the K-function would not change shape. But in TFP,  we must use retarded sources, and as a result the strain function for a moving mass is distorted, much like an electric field in STR. I will just state the result without deriving it.

Prototype W-Gravity Strain Equation for Moving Central Mass M.

(56) 
[image: image42.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

|

)

(

'

|

exp

)

,

(

2

0

0

t

c

MG

W

t

x

W

r


Here r’ is the retarded vector, with length:
(57) |r’(t)| 2  =  x’(t)2 + y’(t) 2  + z’(t) 2  + (W(t)/2) 2
Where:

(58) | (x0+y0+ z0) – (x’ + y’ + z’)|  = c0(t-t’)

And:

(59) x’ = x0-x(t’); y’ = y0-y(t’);  z’ = z0-z(t’)

Short version:
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where x’ is the retarded distance.
Solutions for accelerating particles are determined by integrating these solutions. But solutions for matter in motion are generally very complicated, and we will only analyse the simple situation of a central stationary mass. To do this, we must now go on to the final part of the theory, which gives the dynamics of a test particle moving in a TFP gravity field.

Dynamics of TFP gravity. 

To introduce the dynamics we first compare TFP gravity for an central mass with the ordinary Schwarzschild solution GTR, which in its usual line-element form is: 
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where the factor k (‘little–k’) is defined by: 
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Now the TFP solution for the same case arises simply by replacing the quantity k in (61) by K (‘big-K’) as given in (46): 
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. This gives us the alternative ‘quasi-Schwarzschild’ line metric equation: 
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This initial reason this is a plausible generalization is because k represents a series approximation to K. More exactly, consider the quantity: 
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and the series expansion for 1/K2: 
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Because the term 2MG/c2r is typically very small, the higher-order terms in 1/K2 are very small. Because this term is dimensionless it is possible to expand from k to K. And the alteration to an exponential function is prima facie a natural kind of change. 

The solution represented by (63) still requires some principle to play the role of the usual geodesic or action principles of GTR, which give the metric equations their physical implications. The general meaning of the line-metric like (63) will be interpreted in TFP through a general principle of energy conservation. But in the simple case of the central mass problem, the interpretation of this metric coincides extremely closely with the ordinary interpretation of the GTR metric, and we can actually obtain the solutions using the same action or geodesic principles as in GTR. The possibility of doing this, i.e. treating (63) as if it was just a GTR metric equation, can be seen by recognizing that (63) actually does provide a valid GTR metric for a spherically symmetric mass distribution – but one in which the total mass, M, is not perfectly concentrated at the central point. Instead it is the GTR metric for a situation where a mass M is slightly ‘smeared out’ in space around the central point, giving rise to a spherically symmetric mass-density distribution. (For such a mass distribution to generate the GTR metric based on K, it must be smeared out to an indefinitely large radius from M, and infinitely finely, although only a tiny amount of mass is smeared out beyond the small central region.) This smearing of the point-mass into a continuous mass-density, when treated in GTR, slightly weakens the gravitational effect on the metric obtained from a point-mass. The metric (63) may thus be considered as a slightly weakened GTR Schwarzschild metric, and the predictions of particle trajectories in this metric can be calculated in the usual way. I will specify the differences for radial trajectories, before going on to the more general interpretation. 

Radial trajectories. 

The key differences are seen between the predictions of TFP and GTR for radial trajectories of a test particle in free-fall under the influence of a central mass, M. We can also compare with the Newtonian theory. We assume that a test part has an initial radial distance r1, and an initial ordinary speed, v1, which is purely radial. We determine the general velocity function w.r.t. radial distance. For Newtonian gravity this is simply:
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Newtonian velocity function.

The second-order approximation for GTR radial free-fall with non-relativistic velocities is:  
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GTR radial free-fall velocity approximation (v << c). 

The corresponding solution in TFP is: 
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K-gravity radial free-fall velocity approximation (v << c).

Thus K-gravity modifies the predicted GTR velocity by: 
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This means TFP gravity is slightly weaker than GTR gravity, for a given central mass, M. In a more detailed study I argue that the differences for ordinary planetary and satellite orbits are too small to presently detect. However, the key interest in the radial trajectory solution arises from a special recent anomaly with GTR that has been discovered in the trajectories of the Pioneer spacecraft. This is of primary interest, because it constitutes the finest test yet of GTR in the solar system, and it is a challenge to see whether TFP can explain it. I briefly summarize this next. 

Explaining the Pioneer spacecraft anomalies.  

“…they did notice that the Pioneers have been slowing down faster than predicted by Einstein’s general theory of relativity. Some tiny extra force – equivalent to a ten-billionth of the gravity at Earth’s surface – must be acting on the probes, braking their outward motion. …In 1994 Michael Martin Nieto of Los Alamos National Laboratory and his colleagues suggested that the anomaly was sign that relativity itself had to be modified.”  Musser, 1998.

No one has yet explained the anomaly in the Pioneer orbits, despite a number of careful investigations. Can TFP explain it? When I first began to analyse this problem, I initially thought that TFP made the anomaly worse, because TFP gravity is weaker than GTR, whereas, as Musser and others have observed, to explain the anomaly we seem to need a slightly stronger inward force acting on the spacecraft. But I conducted a careful analysis anyway, expecting to be able to show a decisive anomaly in TFP, and hoping to rule it out empirically. 

But a careful analysis showed instead that there is a peculiar ‘reversal’ of the effect of weakening gravity  - because it forces us to modify the assumed mass of the sun. We only infer the mass of the sun on the basis of GTR (or Newtonian theory): e.g. we calculate its mass to make the periods of the planetary orbits consistent with GTR. With a weaker version of gravity, we consequently have to recalculate the mass of the sun, and it has to be larger than previously thought. TFP implies that it is larger by a factor of about 1+10-8 than currently thought. The factor is just outside the accuracy to which the gravitational constant G itself is currently known, and the anomaly with GTR is not detectible from planetary orbits alone. 

Hence, in applying Eq. (66) above, we cannot simply use the same mass, M, for the sun that we use in the GTR analysis. We have to use a modified mass, M*>M. And this is what really leads to the primary discrepancy in predicted orbits between GTR and TFP. 

When I subsequently performed the calculations for the time lapse in the Pioneer trajectories, the results closely matched the observed discrepancy with GTR. TFP implies that the spacecraft should have retarded trajectories, and at approximately 80 A.U. from the sun, my calculations show the difference to be about 15 seconds retardation, plus or minus about 3 seconds, compared with the GTR prediction. The observed retardation of the orbit is about 16 seconds.
  

· I therefore propose this as an explanation of the anomaly, and a (surprising) empirical confirmation of the TFP theory. 

The peculiar ‘reversal effect’ mentioned here is theoretically and conceptually interesting in itself: it is inevitable on any modified theory of gravity, and if the anomalies are to be explained by altering GTR, then a theory where gravity is weaker, rather than stronger is required – against our initial intuitions. On the other hand, if GTR is correct after all, and an unknown independent force is responsible, this would have to be directed inwards. 

We now return to the theoretical interpretation of TFP gravity. 

TFP-gravity energy interpretation.

I will now sketch how to derive the results indicated above through the principle of energy conservation in TFP, deriving results from first principles of TFP, rather than relying on the GTR geodesic approach (which we cannot assume as a basic principle any longer).  The gravitational acceleration of a test particle is directly caused by a ‘mechanical’ effect: the gravitating mass M curves the space around it, giving a kind of ‘trumpet’ shape to the W-pipe. A rotating mass-wave in the pipe will naturally accelerate towards the central mass, approximated by following a simple geodesic on the hyper-surface.
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Figure 15. Diagram of curvature caused by a central mass, M, stationary at the origin.  is the angle of the tangent at x1 away from the radial axis, x1.

The conical volume (red lines) in the diagram above is the extension of the tangent surface of the ‘trumpet’, at the radial distance, x1. A mass-particle trajectory is illustrated by the blue lines. (It should be sinusoidal rather than sharply zigzag, as shown). When the mass-particle completes a rotation around the W-pipe at x1, its angle, , naturally increases by the increment . We can analyse the acceleration of this mass particle using very simple geometry, if we assume that the speed, c, is constant in the gravitational field. 

But the TFP model actually requires that the speed c alters in the field: it decreases in the ‘stretched’ region of space. (This is related in the model to the surface tension). So instead of using simple geometry, we instead use conservation of energy principles – which is effectively the same as a Lagrangian analysis. This is summarized next.

We begin by re-introducing the defined variable, w, that we have already been using (from (7)), but with a key generalization: 
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c0 is the ordinary speed of light in vacuum in the absence of any gravitational field.  The reason for the subscript 0 is that we must interpret gravity as modifying the speed of light – this is how the energy relations are directly generated. We will introduce a generalised speed (of-light) field, c, which has different values in different directions, and is directly determined at a point by the strain field, , and its spatial derivatives.

The new variable w has the dimensions of space, and allows us to replace the usual time-like variable  with a space-like variable. We can rewrite the reduced quasi-Schwarzschild equation for TFP gravity, (63), using w to replace , and rearranging, in a local (infinitesimal) Cartesian coordinate system:   
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(We identify: dy = rdand: dz = r sind  used in the usual GTR analysis). Note that y and z are not ordinary Cartesian coordinates for space generally; they are just local coordinates at the field point we are considering.   

We also reparametise the trajectory quantities with the time variable, t, instead of the usual parameter, s.  This is possible because we now assume an absolute time frame to work in. We take the central mass, M, to be stationary in this frame. This also means that we can no longer assume the validity of the tensor transformations from ordinary GTR, and we must work everything out from first principles. This reparametisation is possible in the selected time frame because we can assume that there is an invertible function: t = t(s) ↔ s = s(t). Note that, given our K-function has no singularity, we do not either have the usual GTR event horizon or the central singularity for a point-mass, and the usual difficulties encountered in GTR, which would prevent us adopting t as a parameter, do not arise. 

This reparametisation means that (71) is written more fully as:
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We have full time-differentials available for all the variables.  We define these as ordinary speeds:
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And we define the total ordinary speed, as usual, by:

(74) 
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Rearranging this, we have an elliptical equation: 

(75) 
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We also have the concept of the complete spatial distance, symbolized ds, which is defined as: 

(76) 
[image: image64.wmf]2

2

2

2

2

dw

dz

dy

dr

ds

+

+

+

=


This represents the distance function for trajectories along the surface of the higher-dimensional manifold hyper-surface. This is a purely spatial distance, not a space-time distance, as in GTR. In fact what we are doing is systematically separating space from time, in our specially chosen time frame.  

Whereas v(t) is the ordinary speed in XYZ-manifold, we now define the total speed function, called c(t), as the trajectory speed on the XYZW-manifold hyper-surface, given by: 

Total Speed Function.
(77) 
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In the limit of zero gravity, obtained by setting M=0 or K=1, this corresponds precisely to the flat metric of the Special Theory of Relativity, and it simply means that a particle always travels with a total speed of c0 on the XYZW-surface. This applies equally to light or massive particles: for light, dw = 0, and all the speed is in ordinary space, whereas for massive particles, some speed is always in dw. For a ‘stationary’ massive particle, i.e. with v = 0, all the speed is in dw. We have already seen that he extra kinetic energy from motion of a massive particle comes from the relativistic increase in mass, given in empty space as usual by: E = m0c02. The total speed remains as c0: it is merely transferred from dw to the ordinary spatial directions, dx, dy, or dz. 

But in a gravitational field, the total speed, c(t), is altered: indeed, this is the primary effect of the gravitational field from the point of view of this theory. For the central mass field, we can rearrange (75) to give: 
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And combined with (77) this means: 

(79) 
[image: image67.wmf]2

2

2

2

2

2

)

(

w

z

y

r

v

v

v

v

dt

ds

t

c

+

+

+

=

÷

ø

ö

ç

è

æ

=




[image: image68.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

+

=

-

+

=

)

(

1

)

1

(

2

4

2

0

2

2

2

0

2

2

2

2

0

K

K

c

v

K

c

K

v

K

c

r

r


This tells us explicitly how the total speed, c(t), varies with K=K(r), and vr = dr/dt. Note that the spherical symmetry around the mass M applies equally to motion in y, z, and w, and the total speed function is only a function of K and dr/dt, and is not dependant on the direction of any additional motion in any of the other directions. 

We now state the fundamental principle of energy conservation in TFP-gravity. The principle is that: the total energy of a particle in free-fall in any gravitational field is conserved, where the total energy, E, is defined by: 

Energy conservation in K-gravity:
(80) 
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If the particle has sufficient energy (or velocity) to escape the gravitational field, we have a positive value for v0, the ordinary speed as we go to infinity, i.e. a positive value for: 
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As r ( infinity, and K( 1, i.e. out of the gravitational field, the situation is precisely that in Special Relativity, and the total relativistic energy E is given as usual by 0m0c02,  where m = 0m0 ≥ m0 is the ‘relativistic mass’, and v0 is positive. If the total energy is too small for the particle to escape, this equation does not apply. 

As a particle moves in free-fall through the gravitational field, its total energy defined by (78) does not change. But whenever r changes, there are changes in both the total speed c(t), and the rest-mass factor, m0K(t), and as a result, the ordinary speed v(t) must change to compensate. For a radial trajectory, the energy is maintained by an increase or decrease in the radial speed, vr, which generates a larger (t), to precisely compensate for the effect of the field. 

We now define the rest-mass dilation, by: 
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While m0 is the rest-mass in empty space (outside any gravitational field), m1 must be regarded as the rest-mass at r1. This gives the rest-mass energy for a stationary particle (v = 0,  = 1) at r1.  Using (82), we can write (80) as:  
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We can now consider the approximation where: dr/dt << c(t), and for simplicity, we will assume that v0 is non-negative, so that (81) applies, as with the Pioneer trajectories. First we expand (79) in a second-order approximation. We drop all terms of third order or higher in the factor: MG/c02r. We retain terms of order: (vr2/c02)(MG/c02r), but we also drop terms of the form: (vr2/c02)(MG/c02r)2, of second order or higher, because we assume that vr2/c02<<1. We start by assuming the first-order (Newtonian) approximation for vr, that: vr2 = v02 + 2MG/r + (…), because the higher-order terms in this can be dropped. 
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We then use (79) and (81) to get: 
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We substitute (84) and expand K to get: 
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We then swap the gamma-terms to opposite sides, and square, to get:

(87) 
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And rearranging we obtain: 
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We can now take this relationship at two different radii, r1 and r2, and obtain: 
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Or: 
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And since the final term is very small, we get the approximation: 
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which agrees with the solutions stated previously, which were obtained using GTR geodesic principles.  If we apply the same procedure using the GTR function k instead of our K, we similarly reproduce the earlier GTR solutions. However, we must expect that the solutions obtained by the exact TFP method are not precisely the same as those obtained by using the GTR geodesic principle, when all the higher-order terms are introduced. 

Differences with GTR. 

TFP-gravity is very similar to GTR for weak fields, but has differences for strong fields. The most obvious difference is that GTR black holes disappear; they are replaced by ‘quasi-black holes’, where gravity is strong enough to trap light, but which do not have black hole event horizons or singularities of any kind. 

Another difference is that there is non-linear effect of adding masses together – which effectively amounts to breaking gauge symmetry. In GTR there is a simple linearity of the gravitational field w.r.t. source mass. In GTR, doubling a gravitational source mass from M to 2M simply doubles the effects – for instance, it doubles the ordinary proper-time accelerations, because in GTR (for the central mass problem): d2r/d2 = -MG/r2.  But in TFP-gravity, the effect of adding masses is non-linear. To illustrate, consider two systems, A and B, where system A has a central mass M and B a central mass 2M, with a test particle orbiting at a radius rA = rB = r in both systems. In TFP-gravity we find that the central acceleration is:

(90) 
[image: image88.wmf]2

2

2

2

)

,

(

M

r

K

r

MG

d

r

d

A

-

=

t

; 

[image: image89.wmf]2

2

2

2

)

2

,

(

2

M

r

K

r

MG

d

r

d

B

-

=

t


Dividing these accelerations, we have: 
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Expanding: 
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(A detailed treatment is given in a subsequent paper). Thus the acceleration is not simply doubled by doubling the source mass. The effect of two masses when they are conglomerated appears stronger than when they are taken separately. (In fact, a related effect is evident even for single particles, because there is a very weak ‘self-gravitating’ effect: even a single isolated particle is never truly in flat empty space: it already modifies the properties of the spatial manifold it is embedded in, giving a non-linear effect which is dependant on the absolute background energy of the vacuum. But I will not examine this here). 

This does not make the TFP-gravity non-conservative: rather, it breaks gauge symmetry. The difference with GTR is evident only in strong fields or for large conglomerations of mass, but it may affect the current theory of ‘dark matter’, because it strengthens the effects of large conglomerations of mass, as in galactic cores. The standard theory based on GTR has a number of anomalies in this area, and much of the observational evidence is still partial, and is highly theory-dependant. This is an area where TFP might explain the phenomena better than GTR, but there are considerable difficulties in calculating the effects, because the theory-dependence also affects measurements of the luminosity of stars, and other features not mentioned here.

Perhaps the most dramatic theoretical difference however is that TFP requires that gravity affects the values of fundamental constants. More generally, in TFP, the expansion of the universe must be connected to the values of the local fundamental constants. TFP determines a very powerful cosmological theory which involves some startling relationships, closely related to Dirac’s ‘large number coincidences’. This is summarized subsequently; but first I will briefly summarize how gravity can now be unified with quantum mechanics in a single wave equation. 

10. A prototype unified Gravity-QM equation.

We have found that a stationary fundamental (spin-1) particle has the ‘gravity wave’, i.e. the spatial strain function: 
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This equation already combines the Plank constant, h, and the gravity constant, G – so that it indicates some kind of unification of QM and gravity.  We now propose that this is real-valued displacement (strain) is essentially the amplitude, A, of the quantum wave that we obtained earlier, and we write a full wave equation as:

(94) Prototype for the Unified Wave Equation.
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This unifies the gravity displacement wave with the imaginary QM wave in a natural way. Note that it could not be done without choosing the exponential form for the gravity strain function, K. This equation is not complete yet because it does not contain the ‘spin’ term found in the Dirac equation; but this is subsequently interpreted by the following physical interpretation of the imaginary part of the wave. 

The values of the wave function in ordinary QM are taken as imaginary numbers, and it is frequently denied that they are ‘real’. Instrumentalist interpretations tell us that only the real-valued probabilities represented by the wave functions are physically real. But we will interpret the waves themselves as physically real distortions of the W-pipe, from a circle into an ellipse. The complex phase of the ordinary QM wave function at a point (x;t) gives the direction of the wave-crests around W at x at time t. The amplitude, A, gives the average amount of distortion from the vacuum state, which generates gravity.

[image: image260.wmf] 

 

 

 

s

(t

0

)

-

a

 

 

 

 

 

 

 

 

 

 

 

 

 

 

s(

t

0

)

 

 

 

 

 

 

 

 

 

 

 

 

 

a

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

L

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Centr

al 

Mass,

 

M

 

 

x

 

 

 

Trajectory of test 

particle, m

0

, at 

time t = 0.

 

x

1

 

 


Figure 16. Black lines show the shape of the ‘empty’ manifold. Blue lines show the distorted shape, across x, at a given time t=0. Red lines show the development of the distortion through time. 

This interpretation uses the fact that the complex number system is equivalent to a two-dimensional plane. Quantum physicists often seem to assume that any quantity represented by complex numbers cannot be physically real – because physical quantities must have ‘real values’, not ‘imaginary values’. But this is just a superstition: we can use imaginary numbers to represent real things, in this case, distortions of the circular cross-section of the W-pipe. 


The gravity wave, K(x), defined above, represents the average value of the strain at distance x. To complete this picture, when we look up close, the rest-mass m0, is a spinning wave-like distortion around W, traveling at the local speed of light, c. Quantum mechanics takes over when we approach the mass closely, where our gravity wave turns seamlessly into a quantum mechanical mass wave. 

We can also observe qualitatively how the mechanism for the electric force works, in contrast to the gravity force. Gravity works through the average distortion of space generated by mass-energy. The electric force also works through the interaction of waves in space with distortions of space generated by spinning particles, but in this case it is through the spin components.  This is difficult to depict because of the higher-dimensionality of the space, but the effect is analogous to a threaded ‘nut’ winding onto a ‘screw’. Looking outwards along the W-pipe,  in one of the XYZ-directions, from the center of the mass-wave of a spinning wave, we find that it spins in a specific plane and consequently, it forms a screw-like distortion of the W-pipe surface. When two opposite-spinning screws (opposite charges) engage, they pull towards each other; when two same-spin corkscrews engage (same charges), they repel each other. There are only two spin orientation w.r.t. ordinary space because there are only two distinct spin orientations w.r.t. ordinary space. 

The electric force, weak force, and strong nuclear force arise in this model though a similar general mechanism – the effect of spatial distortions in particle-waves give rise to all the forces – but they are mediated though different spin-components in different sub-spaces of the manifold. 

But I will not go into this in any more detail here. We turn now to another essential feature of the model: its implications for cosmology, and the interpretation of the fundamental physical constants. 

11. Cosmology and fundamental constants. 

In TFP, the spatial manifold is the fundamental object, and ordinary particles arise as wave-disturbances. The topology determines the types of stable fundamental particles that can exist. The fundamental physical constants, c, G, h, and , now characterize properties of the manifold, and are related to the global state of the manifold through fundamental continuum mechanics. The particle masses and electric charge are determined by the topology and dimensions of the sub-spaces in which particles are formed. This determines powerful connection between the local constants and the global dimensions of the space manifold, and between the local constants themselves. It also means that the constants evolve with the evolution of the manifold, as the universe expands. 

The idea that there could be a set of connections like this between the global development of the universe and the locally measured constants, and that the constants may therefore be changing, was explored in some detail by Dirac, who developed two different theories
. Dirac began by trying to explain what are called the large number coincidences. These are apparent coincidences in the quantities of certain dimensionless ratios. The key ratios are between the local fundamental quantities and cosmological quantities of the same kind. The main examples are: (i) the space ratio, between the circumference R of the expanding universe and the Bohr circumference, h/mc, for the electron or proton, which is: R/W = Rmc/h ≈ 1040, with m as the electron or proton mass; (ii) the time ratio, between the age T of the universe, and the orbit period for light around the Bohr circumference; in our terms this is Tc/W = Tmc2/h ≈ 1040, with m as the electron or proton mass; (iii) the force ratio, between the relative strengths of the electric and gravitational forces between an electron an a proton at a given distance, r; Fe/FG ≈ 1040; (iv) the mass ratio, between the mass M of the universe and mass of a proton, giving N = M/m  ≈ 1080 (essentially the number of protons in the universe, given that most of the ordinary mass is from protons); (v) the ‘fine constant ratio’, between the relative masses of the electron and proton, and the fine electric constant; ≈ 100 = 1; and finally, (vi) what I will call the Dirac constant, defined as: D = hc/m2G ≈ 1040, with m the mass of the electron or proton (or m2 as the product of these). 

Dirac observed that these are all multiples of D, which is about 1040. This is his ‘large number hypothesis’. This is an extremely large number, and it certainly seems coincidental that it reappears in this way. The important thing about taking the ratios is that they are dimensionless quantities, hence they are independent of our measuring systems – they are the same whatever scales we use for our coordinate systems (feet or meters, hours or seconds, etc). Dirac recognized that these ‘coincidences’ could be explained if the values of the fundamental constants change in a certain way, linked to the age of the universe – or more accurately, linked to the spatial expansion. He came up with two different proposals. His first, simplest proposal, in 1939, was that (a) the constant G decreases in proportion to the time ratio: Tmc2/h (which is the age of the universe expressed in the natural ‘atomic’ unit for time, sometimes called chronons), and (b) the particle number N increases in proportion to this time ratio squared, while the other constants are invariant. This generates an appropriate change in the other ratios to explain the coincidences. 

However, this scheme failed empirically, because the changes required in G are too large. He subsequently discovered another possibility, which is more subtle: this involves the idea that we also have to change the fundamental space-time variables we use, in accordance with changes in the constants – since the constants are involved in our measurements of time and space. So he proposed that the ‘true’ time and space variables are different from the ‘ordinary’ or apparent time and space variables, t, and r, that we normally assume. This allows a more subtle theory, in which the change in G appears less in our ordinary variables; but unfortunately this theory was also empirically disproved in the 1970s, when a number of refined measurements of the possible changes in the fundamental constants over time were carried out. Since then Dirac’s ideas have largely been abandoned, and physicists have generally come to regard the ‘large number coincidences’ as simply that – coincidences.
 Some physicists hold an ‘anthropic explanation’: that a universe like ours will develop complex physical structures required for life only at an age when these coincidences appear.

Dirac’s theory seems to have failed, but his recognition that an alternative theory of the constants will require an alternative system of variables for space and time – extended here to mass and charge as well - is a crucial point of departure for the TFP cosmology,  which I will now outline. The TFP cosmology is compelled by the underlying TFP model, and not related to Dirac’s cosmology directly: but they are similar in introducing alternative physical variables for the fundamental quantities of time and space, and the TFP cosmology also explains the Large Number Coincidences, although in a quite different and much more precise way than Dirac’s theory. The difference is that TFP has a definite underlying model which compels the relationships between constants, global variables, and our system of basic physical quantities, whereas Dirac had no fundamental model and was proceeding by instinct and intuition at crucial points in his arguments.

The TFP torus-sphere model of expansion. 

First we consider what the expanding universe looks like in TFP, with the torus-sphere model outlined earlier, see Fig. 3. The large spatial dimension of XYZ expands. What effect does this have on the small spatial dimensions, of the ‘torus’? 
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Figure 16. Expansion of the universe.

The key principle is that the manifold volume is conserved. The idea is that the spatial manifold is an incompressible continuum. In this model, the total volume is a six-dimensional spatial volume, given by the product of the ordinary spatial volume in R, and the torus volume in We and Wq (with some small mathematical constant). 

· Note that the quantities R, We and Wq are circumferences around the various sub-spaces of the manifold; the true radius of the XYZ hyper-sphere is really R/2. A circumference R lies on the XYZ hyper-surface, whereas the radius really goes through the orthogonal subspace, UVW. 

The total volume is then proportional to: R3WeWq2, giving: 

Principle of Constant Volume. 

(95) R3WeWq2 = constant

We define an ‘average extension’, W:

(96) W3 = WeWq2
so that (93) simply means:

(97)  RW = constant = R0W0
Where R0W0 are the current or present values. We define this constant as: 

(98) RW = constant = L02 

L0 is an invariant spatial magnitude, which is the same at all times, and which represents a fundamental ‘average extension’ of the universe. 

Hence we have: 
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In this model, the global state of the spatial manifold is therefore characterized by two fundamental ratios: R/W (the ‘large space ratio’), and We /Wq (the ‘fine space ratio’). It is most convenient to characterize the second ratio as a defined quantity, f: 
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We now find that the values of all the fundamental constants are functions of the quantities R and f. It is easy to see why. For instance, our two fundamental particle masses, me and mq, are directly related to the magnitudes of We and Wq, through the general form of the relationship: W = h/mc (spin-1 particle), or: W = h/2mc (spin half particle), as seen earlier. And since W gets smaller as R expands, we may expect that the fundamental particle masses also get smaller. However, this also depends on the evolution of the constants h and c, and when we consider We and Wq, this also depends on f. So we are left with the tricky problem of determining the dynamics of all the constants simultaneously. We have to obtain a unified and consistent set of dynamics for everything at once. 

True physical quantities for space, time, mass and charge. 

The problem of determining the dynamics would be simple enough if the theory of the TFP manifold could be written straightforwardly in our ordinary system of space-time-mass-charge variables; but what makes it difficult is that, in the context of TFP, our ordinary variables are no longer ‘true’ physical variables. Instead, we must introduce a new set of true variables, related by transformations to our ordinary variables. The fundamental laws of TFP need to be written in the true system of variables for the symmetries to be evident. They need to be translated to our ordinary system to be compared with the results of ordinary physics. The need for this is easily seen if we consider the operational definitions of ordinary quantities in ordinary physics, which are based in large part on the theoretical assumption that the fundamental constants are invariant. For instance, the operational definition of ordinary mass assumes that the proton and electron masses are constant (or that a given object, consisting of a collection of fundamental particles, has a constant mass through time). But in our new theory, we find that fundamental particles change their masses as R expands and W contracts. As a result, we find that we must introduce a new, ‘true’ mass variable, which we allow to coincide in scale with the ordinary mass variable at the present moment, but which will depart from the ordinary variable as time goes on. 

The same holds for space and time and electric charge. E.g. the most convenient definition of a ‘unit of length’ in ordinary physics is the Bohr radius of a fundamental particle like the electron or proton – or our variables We or Wq (the corresponding circumferences). But in the new theory, the true size of these changes with time, and we must define a ‘true’ spatial variable, against which the size of We and Wq can be said to change. Similarly, the most convenient definition of a ‘unit of time’ in ordinary physics is the time taken for light to circulate around the Bohr radius of a fundamental particle, or the quantity: We/c, or Wq/c (around the Bohr circumference) But in the new theory, the true size of the lengths change with time, and the true speed of light also changes with time. We must define a ‘true’ time variable, against which the period around We and Wq can be defined. 

Time also has a special symmetry connected with it: conservation of energy. If we rescale our ordinary time variable t in a non-linear way, without changing any other variables, we would find that ordinary inertial motions, for instance, cease to have constant speeds. The temporal metric is determined by energy conservation. (This is not to be confused with the fact that we can choose any number of arbitrary coordinate systems for time: but there is only one special kind of coordinate system in which the temporal metric corresponds linearly to coordinate distance, i.e. to difference between coordinate numbers assigned to points of time). 

At any rate, this is a deeper conceptual problem that faces the development of any kind of theory like TFP: we are forced to introduce a new system, of ‘true’ physical variables, in which to properly express the theory. It is really the same kind of problem Einstein faced in developing STR: he recognized that changing the fundamental theory of space and time requires us to change the system of physical variables, from the classical system to the relativistic system, which he did primarily by reasoning about the effects of STR on measurements of physical quantities. We must do something similar – but in a rather more comprehensive way. 

Connected with this, we also find that the time translation invariance of laws of physics comes to prominence in a way that is hidden in ordinary physics. If we hold that the fundamental constants are truly invariant, then time translation invariance of a given law is relatively trivial: we only need to check that the law has an invariant mathematical form w.r.t. time. But what happens if the constants involved in a law can change with time? We now find that the laws make special reference to the currently measured values of constants – we write c0, G0, h0, etc, for these present values – and we now have to check that we can translate the laws to a new present time, alter the values of these constants, to: c0*, G0*, h0*, etc, in accordance with the predictions of the theory, and still retain the same theory. 
To my knowledge, physicists have not analysed this kind of problem in detail before, and there is considerable work to be done in developing the TFP theory, which I briefly summarize next. 

Overview of the structure of the theory. 

The main areas in developing the theory involve introducing:

Ordinary variables:

1. Our ordinary system of fundamental variables (space, dx; time, dt; mass, dm; electric charge, dq), and operational principles for assigning our ordinary coordinate scales to measure these quantities. These principles eventually have to be reinterpreted on the basis of the new underlying model.
2. Our ordinary system of local physical constants (c, h, G, mp (proton rest mass) me (electron rest-mass), e (electron charge), ), and operational principles for measuring these quantities.

3. Our ordinary system of cosmological quantities (R (circumference of the universe), T (age of the universe), Mq or Nq (total proton or quark mass and number), Me or Ne (total electron mass and number), and operational principles for measuring these quantities. (We ignore some other variables in the meantime, such as temperature, radiation pressure, etc.)

New variables:

4. A new system of ‘true’ fundamental variables, called the ‘dashed system’, (space, dr; time, ds; mass, d; electric charge, d), defined in the context of the new model, with operational principles for assigning coordinate scales to measure these quantities on the basis of the new underlying model. 

5. A new system of ‘true’ local physical constants (c’, h’, G’, W’, W’q, W’e, e’, '), and operational principles for determining these quantities on the basis of the new underlying model. Note here that the new model uses alternative spatial variables, W’, W’q, W’e, in place of the old mass variables, m’q, m’e, which are now defined from W’q, W’e. This reduction relates to the central mechanism of the new model. 

6. A new system of cosmological quantities (R’ (circumference of the universe), S (age of the universe), M’p or N’p, M’p or N’e, and operational principles for measuring these quantities. 

Dynamics and transformations.  

7. A system of evolution equations for the true local physical constants (c’, h’, G’, W’q, W’e, e’, '), which will be given here in terms of the cosmological circumference variable, R’, and a special defined variable, f = W’e/W, the ‘fine length (or mass) ratio’.
8. A system of transformation equations relating the ordinary physical variables (dx, dt, dm, dq) to the new variables (dr’, ds, d’, d’).

9. A system of evolution equations for the ordinary local physical constants (c, h, G, mp, me, e, ), derived from (7) and (8).

New formalism. 

10. The variable system for the present values of quantities: for any quantity A, A0 is the presently measured value of A. Because the values of quantities now generally change with time according to (7), (8) and (9), the present time, at which initial values are fixed, plays a special role in the theory. This feature is absent from ordinary physics. The consistent treatment of this places the main constraints on the new theory: in particular we will require a principle that the laws of the new theory are invariant w.r.t. change of the choice of the present time. This is the fundamental time translation symmetry. 
11. A special system of normalized variables (called hats): for any quantity A, Â = A/A0, where A = A(s) is the value of A at a general time s, and A0 is the presently measured value of A. (Â is called ‘A-hat). The use of these normalized variables is very useful to represent relationships. 

12. A second new system of ‘true’ variables and quantities, called the starred system,  which are time translated from the dashed system by choosing a new present moment (dr*, ds*, d dc*, h*, G*, W*, W*q, W*e, e*, *, etc). The transformation between the dashed and starred systems is central to the time translation symmetry of the theory. This transformation requires us to re-set all the present values of local constants and quantities when we change to the starred system – something not required when time translating in ordinary physics, where local constants and quantities are fixed or invariant. This represents the key generalization of the theory. 

Special quantities. 

13. A set of special dimensionless constants, D, f, and  is central in the theory. Because these are dimensionless they must have the same values when measured in any coordinate system, e.g. D = D’ = D*. 
14. A set of invariant physical quantities, of space, time, mass, charge, which are measured to be the same at any time, are also central to the interpretation. 

15. The local and global invariance of energy is a central general principle of the theory. It underlies the dynamic connection between the local and cosmological properties. 

Empirical content of the theory. 

16. The components outlined above are general, in the sense that some system of such variables and relationships is required in any theory of this kind. But the specific theory proposed here is based on a definite set of special physical relationships required by the underlying model. These determine the key features of the present theory, such as the transformation and evolution equations, as well a number of novel physical relationships. These provide empirical tests of the theory. Important relationships are found between R and W;  f and ; R, W, D and f; R and f; N, D, and f. These relationships allow us to: (i) reduce the number of fundamental local physical constants, determining some constants from others; and (ii) relate some cosmological variables to local variables, explaining Dirac’s ‘large number coincidences’, and determining the current radius of the universe and the approximate numbers of particles from local constants.  

17. To complete the theory empirically we need to specify the orbit equation for R’ (circumference of the universe) in terms of S (age of the universe in the true time variable). This will allow the ‘ordinary’ age of the universe, T, to be obtained from the predicted circumference, R’, and give a number of predictions of features of the Big Bang, and the development of the early state of the universe. The orbit equation should ideally be determined from the underlying model, essentially through the requirement of energy conservation. But this requires us to identify all the main sources of energy in the cosmos, which requires an extended study. 

18. To complete the application of the theory, we must also match the predictions of this theory with ordinary cosmological or astronomical observations, and this is a problem in itself. For instance, the ordinary age of the universe is estimated in a number of different ways, involving a number of theoretical calculations, including Doppler shifts of light from receding stars, alteration of wave-lengths of light by spatial expansion, principles of luminosity of stars or galaxies, and general effects of gravitation. The current theories (GTR, quantum optics, and stellar theory) give clear interpretations of these observations; but the interpretations all change in the new theory. Calculating these changes is not easy. 

I will now present the first part of the TFP system; further details will be given in subsequent studies, including additional empirical predictions and orbit equations. 

The TFP system. 

Variables for space, time, mass and charge.

Physical 
Ordinary 
New variables
Boundary

quantity:
variables:
(dashed system):
Conditions:

Time
t

s’
dt0 = ds’0  
Space
x or  r

r’
dx0 = dr’0
Mass
m

’
dm0 = d ‘0
Charge
q

’
dq0 = d ‘0
Local constants. 

Physical 
Ordinary 
New variables
Boundary

quantity:
variables:
(dashed system):
Conditions:

Speed of light
c
c’
c'0 =  c0
 

Plank’s constant
h
h’
h'0  =  h0
Gravity constant
G
G’
G'0  =  G0

Proton mass
mp
mp’
mp'0  = mp0 
Electron mass
me
me’
me'0  =  me0

Electric charge
e
e’
e'0  =  e0
Permittivity (vacuum)

'  
'0  = 0
Permeability (vacuum) 
’
'0  = 0
Present Values.

c0, h0, G0, m0, etc, are used here to represent the present values of the physical constants, as measured in our ordinary current system of measurement. Since we want to allow the constants to change, we must distinguish these present values from the general values, c≡ c(t), h ≡ h(t), G ≡ G(t), etc, which hold at other times, t. 

The main complication is that we find that we need to write the equations of the new theory in a different system of variables for time, space, mass, and charge, and in this system we represent the quantities by: c’≡ c’(s’), h’ ≡ h’(s’), G’ ≡ G’(s’), etc, where s’ is a ‘true’ time variable. We will find that the symmetries of the theory are only properly evident in this new transformed system of variables. 

The ordinary coordinate system used in current physics will eventually drift apart from the new dashed system. Numerical measurements (or units) in the two systems are defined to be same at the present moment.  This is what the boundary conditions stated above mean: that the two coordinate systems for time, space, mass and charge are matched to the same scale at the present moment, and consequently, the measurements of quantities in the two systems are matched at the present moment. It is generally true that: Z0 = Z’0, for any quantity Z0 that is defined at the present moment. But note that this does not obtain for the age of the universe (from the Big Bang) in the two systems, because this age is not defined as a quantity of the universe at the present time: it requires an integration across time, as shown later. A detailed treatment of the present is given later, in the starred-transformation. 

The new theory uses a number of specially defined quantities, as follows.

Special defined constants. 

Physical 
Ordinary 
New variables
Boundary

quantity:
variables:
(dashed system):
Conditions:

q-mass
mq = (1/3)mp
mq’ = (1/3)mp’
mq'0  = mq0 
Fundamental mass

[image: image98.wmf]3

/

1

2

)

(

q

e

m

m

m

=



[image: image99.wmf]3

/

1

2

)

'

'

(

'

q

e

m

m

m

=


m'0  =  m0 

Simple spin-1 solutions:
p-length: 

Wp= h/cmp
Wp’ = h’/c’mp’
Wp’0  = Wp0 
e-length

We= h/cme
We’ = h’/c’me’
We’0  = We0

q-length
Wq= h/cmq
Wq’ = h’/c’mq’
Wq’0  = Wq0
Fundamental length
W = h/cm
W’ = h’/c’m’
W’0  = W0
Alternative spin-½ solutions:
p-length: 

Wp= h/2cmp
Wp’ = h’/2c’mp’
Wp’0  = Wp0 
e-length

We= h/2cme
We’ = h’/2c’me’
We’0  = We0

q-length
Wq= h/2cmq
Wq’ = h’/2c’mq’
Wq’0  = Wq0
Fundamental length
W = h/2cm
W’ = h’/2c’m’
W’0  = W0
Specially defined local dimensionless quantities. 

Physical 
Ordinary 
New variables
Boundary

quantity:
variables:
(dashed system):
Conditions:

Fine length ratio
f = We/W
f’ = We’/W’
f’ = f always

Current value
f0 = We0/W0
f’0 = We’0/W’0


Note: 
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Dirac numbers
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Similarly:
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Fine structure constant    
[image: image107.wmf]hc
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’always
Cosmological quantities. 

Physical 
Ordinary 
New variables
Boundary

quantity:
variables:
(dashed system):
Conditions:

Universe circumference

 
R
R’
 R’0 = R0

Total proton mass
Mp
Mp’
Mp’0 = Mp0
Total proton number
Np = Mp/mp
Np’ = Mp’/mp’
Np’ = Np always
Total electron mass
Me
Me’ 
Me’0 = Me0
Total electron number
Ne = Me/me
Ne’ = Me’/me’
Ne’ = Ne always
Total q-mass
Mq= Mp
Mq’= Mp’ 
Mq’0 = Mq0

Total q-number
Nq = Mq/mq
Nq’ = Mq’/mq’
Nq’ = Nq= 3Np always
Age (from Big Bang) 
T
S
[Must integrate orbit equations]
Normalised Variables (Hats).

The equations are greatly simplified by using normalized variables for R’ and f.

 

[image: image109.wmf]0

'

'

'

ˆ

R

R

R

=


Or:

[image: image110.wmf]'

ˆ

'

'

0

R

R

R

=



And: 

[image: image111.wmf]1

'

'

'

ˆ

0

0

0

=

=

R

R

R


R’0 is the present circumference of the universe measured in r’-units. R’ is the general variable for the circumference of the universe, in r’-units. 
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And: 
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f0 is the present fine length ratio. f is the general variable for the fine length ratio.

Similar definitions can be used for other normalized variables, e.g. ĉ = c'/c’0, ĉ0 = 1, etc, but I will generally only use normalized variables for R and f here.

Note that f does not depend on the system of units or coordinates because it is a dimensionless quantity, and I will generally write f instead of f’, except when specifically checking for consistency of transformations.  But this invariance does not hold for the normalized quantities, and we must be careful to distinguish 
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The circumference, R’, depends on the system of units, and we must distinguish R’ from R. 

This is the main system of variables to be used. Next I specify the dynamics and transformations for the TFP theory.

Transformations between the two systems of variables.  

Physical quantities:
Transformations:




(101) Time’
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(102) Space’
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(103) Mass’
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(104) Charge’
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It will be shown later how these transformations are determined by the underlying model. We can understand these differential quantities and transformations in the following way, using space as an example. In the dashed system, we represent a physical (differential) quantity of space (or spatial vector), dr’¸ as: dr’ = (dr’r’) with r’ a unit vector in some direction of 3-D space. We assume that r’ is truly invariant w.r.t. time. Hence we assume that the norm – i.e. the function to give us the physical length of the vector - is: |r’| = 1 and: |dr’| = dr. Now when we represent the same vector in the ordinary system, we identify it as: dx = dr’¸and at the present time, we also set the basis vectors equal: x = r’. 

But for the differential vector defined by: dr’ = dx = (dxx), the function for the norm: |dx| is no longer simply equal to dx at all times – because the relative scales of the two systems changes. We assume that the length of the ordinary basis vector, x, changes relative to the ‘absolute’ basis vector, r’. The norm: |x| is not equal to 1 at all times. Instead, they are related generally by (102) above: 

(105) |dr’| = dr’|r’| = dr’ = |dx| = dx|x| =
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This amounts to the fact that, in the new theory, the ordinary basis vectors are postulated to be (quite literally) shrinking with the expansion of the universe. We will return to this when we consider the physical model, but for the next few sections, we can simply work directly with the coordinate representations. 

Evolution equations for the fundamental constants.

In the new model, the dynamics of the constants in the new variables are determined as simple functions of R’ and f. The corresponding dynamics in ordinary variables are then determined from this and the transformations between the two systems of variables.  

Quantities:
New Variables: 
Ordinary Variables: 

Universal constants.

(106) Speed of light
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c = c0   constant
(107) Plank’s constant
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h = h0   constant
(108) Gravity constant
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Note that, although all these constants evolve in the true (dashed) system of variables, this is hidden for all constants except the gravitational constant, G, when these are measured in ordinary variables. More on this later when we consider the operational definitions of the physical variables. 

Masses.

(109) Fundamental mass
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(110) q-mass
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(111) e-mass
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Fundamental length variables. 

(112) Fundamental length
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(113) q-length
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(114) e-length
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Electric quantities.

(115) Electric charge
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(116) Permittivity (vacuum)
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(117) Permeability (vac.)
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(118) Electric force constant
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These all have to be justified by being derived in detail from the underlying model. I will just give the example of the speed of light here. This is obtained from the principle that the general wave speed, c’, on the manifold hyper-surface is proportional to the surface tension, which is proportional to the surface area. The surface area is a 5-D spatial quantity, determined by the product of the ordinary spatial volume in R’, and the torus surface area in We’ and Wq’. This total volume is proportional to: R’3We’Wq’. But we know the dynamics of this quantity already from the earlier volume conservation principle:  R’W’ = constant, and we get:

(119) 
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Hence we obtain: 

Principle of Surface Area and Wave Speed. 

(120) 
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       or:  
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giving the transformation for c’.  

Dimensionless quantities. 

We can easily obtain the dynamics of special defined quantities, e.g. 

Fine length ratio:
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Dirac Numbers:
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Fine structure constant:
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Note also that we maintain: 



[image: image154.wmf]1

'

'

'

2

=

c

e

m



[image: image155.wmf]1

2

=

c

me


as in ordinary EM theory. 

Invariant physical quantities. 

We can also define a number of special physical quantities that are invariant w.r.t. time in this system of dynamics. These are the same at whatever time they are measured. They each have a special physical significance.

Time’. 
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Space’. 
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Mass’. 
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G-force-r2.

[image: image159.wmf]4

/

3

0

2

/

3

0

0

2

0

4

/

3

2

/

3

2

'

'

f

D

G

m

f

D

G

m

=


E-force-r2.
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Mass Energy. 
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QM or wave Energy.
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Angular momentum. 
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Speed
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Empirical relationships and predictions. 

Empirical predictions from the model are divided into three kinds: (i) general predictions from the dynamics of the constants which are independent of the solution for R’ as a function of time, s’; (ii) predictions that follow from the principle of energy conservation in the system and the general model of the cosmological development, but are still found independently of any precise solution to the orbit equations; (iii) predictions from solutions for the orbit equations, which must satisfy the requirement of energy conservation and other symmetries, and gives the complete cosmological sequence for our universe. 

Predictions (i): General relationships.   

Some key predictions:

(121) 
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Hence at the present time:

(122) 
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Predictions (ii) from the general cosmological model. 
This involves a preliminary scheme of the cosmological development, and includes predictions of the total numbers and masses of particles in the universe, along with general energy conservation principles.
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Figure 17. Scheme of main eras in the development of the universe. (Not representative of scale). The black line is the R’-orbit; the blue line is the W’-orbit.  Note that R’W’=L02 at all times. Different solutions may give either a continued expansion in the future, or a cyclic contraction. Only the behavior in eras shown with solid lines is known with any real certainty.

Here we introduce a special point, Z, in the development, at the end of a period of massive ‘inflationary’ expansion. The dynamics of energy transferal changes sharply at Z, from an inflationary mode, Era A, to a slow mode in Era B, connected by the brief period of violent particle interactions (the ordinary Big Bang). 

A number of additional empirical predictions, including orbit equations, will be given in further studies, but are too extensive to summarize here. Instead I will now pass on to another key conceptual point, which is that we must integrate the orbit equation, to relate the ‘true’ time variable, s’, to our ordinary time variable, t, to arrive at the correct ‘age of the universe’, illustrated next.
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Figure 17. Trajectory (orbit) of R’ against time.

Integrating Time. 

We consider a period of time S’ from an initial time, s’i to a final time, s’f, during which the universe expands from circumference R’i  to  R’f. We wish to obtain the ordinary time interval, as measured in the variable t, that this period represents. Note that if we set si’ = s’Z as the time at the start of the Big Bang and the final time, s’f = s’0  as the present time, we obtain the ordinary ‘age of the universe’, S’ = S’0. But to obtain the connection between variables S’0 and the ordinary age, T0, we must integrate the differential transformation equation (101), i.e: 
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Given that f is constant in the period since the Big Bang, this is simply: 

(126) 
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Detailed proposals for the orbit equations will be given in further studies, but I now turn to another key conceptual issue about any system that allows evolving constants: time translation invariance. 

Time Translation Invariance. 

Time translation invariance is based on the requirement that we can shift the choice of the present time on which the system of variables is based, and retain the same form of fundamental equations and relationships. The system of variables and fundamental quantities is based around the choice of a present time, at which the initial values, such as c0, h0, G0, m0, f0, etc, are set. In ordinary physics, these never change, and there is no problem with time translation. But in a theory in which some these quantities change with time, we have an obvious problem: the values of some quantities must drift away from the initial measured values; but this initial time, i.e. the choice of the present, cannot be regarded as special – the laws of physics should have the same form at any time. What if we started doing physics at an earlier or later time, which we took as the present, and based the system of variables and quantities on the measured values from that time? Clearly the coordinate systems for time, space, mass or charge change with our choice of the present time.  The question is then: is the system of relationships invariant w.r.t. this transformation of the coordinate systems?
This is a special logical feature that is evident in a theory with evolving fundamental constants, and not recognized in ordinary physics, or represented by the usual tensor calculus. We must introduce a new formal apparatus to represent time translation transformations for the kind of system defined above. 
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Figure 18. Translation of the present time from Q ( P. 

The dashed system is based on the universe in a present state Q, which we take as ‘our’ present point on the trajectory of the universe. The alternative starred-system is based on another state, at P¸ which could be in the past or future of Q. The third and fourth points, R and S, are general points of time, which may be anywhere. 

The exchange: Q↔P translates the present moment to a new point of time, and transforms the dashed system to the starred system. We require the two systems to have a special dualism with respect to Q and P.  If we obtain law-like equations in the dashed system of variables, then we will require that the same form of equations should appear in the starred system, so that the equations are invariant w.r.t. this exchange of the present. 

The transformation to the starred system involves:

(i) Matching the boundary conditions for the ‘present quantities’ in the starred system, using the same rule as in the dashed system: measurements of quantities now match the measurements in ordinary physics at the time P.
(ii) Substituting present variables, Z’0, identified as: Z’0 = Z’Q  with: the transformed present variables, Z*0, where: Z*0 = Z*P. 

We do this for each variable and quantity in turn. We begin with space and the transformations of the key spatial quantities, R’↔R* and W’↔W*. 
Time translation of spatial coordinate system: dr’↔dr*. 

We have assumed that dx is related by a general function 
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with boundary conditions: 
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In our specific theory, (102) tells us the particular function for F, but we will develop some general conclusions about F first. Note that the boundary conditions require: 

(129) F(1,1) = 1. 

Time translation symmetry requires that the same form of equation as (127) holds in the starred-system, i.e.
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with the same form of law for the boundary conditions: 
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and the same form of the definitions of normalized-*-variables: 
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Dividing (130) by (127), and applying it at a general point R gives: 
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Applying this at the point: R = P gives: 
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We now add a general principle, that, at any point R: 
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This holds generally for the ratios of any two quantities of the same type, defined at a given point of time, in any pair of coordinate systems. For the two systems have different units and assign different coordinate measures to the physical quantities; but their ratio is dimensionless, and the differences in the two systems of units cancel when we divide the quantities. 

Then using (133) we obtain: 
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And: 
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Or: 
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I now observe a special additional rule which relates these two coordinate systems on the assumption of time translation invariance: 

Time translation invariance principle: 

(139) 
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and:
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(For any two points of time, R and S). 

This is not a general logical principle like (135): it is a much more powerful requirement, which only holds if the metric equations for the two systems in question are invariant under time translation. It essentially means that the two coordinate systems are merely scaled by a constant factor w.r.t. each other. I.e. the ratio between the ‘units’ of the two systems: 
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 is constant across time. This is required because if this ratio changed w.r.t. time, then the form of the laws must appear to change with time, in one or other system, and they could not both be ‘true’ coordinate systems for a set of time translation invariant laws. 

We can then immediately obtain from (138) and (139) that: 
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Note also, from (139), that: 
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Hence at R = Q:
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Or:
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However, the point P can be chosen arbitrarily in relation to Q, so this must hold for any values of F. I.e:
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in general. 

This is a strong condition on the function F. Given also the boundary condition that: F(1,1) = 1, it is easy to show that the only solutions are when F(x,y) is a simple product of powers of x and y, i.e:
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General solution for F.

Equivalent arguments show that this condition is required for all the transformation functions in (101)-(104), not just for space. The fact that those transformations do have this simple form means that they automatically satisfy the relation of (139), and are time translation invariant. This does not mean that the additional system of dynamic equations are also translation invariant: we have to check these separately. 

We now use the particular transformation (102), to substitute the function F as: 
[image: image193.wmf]'

ˆ

)

'

ˆ

(

R

R

F

=

, giving the key transformations: 
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and its dual: 
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(146) 
[image: image196.wmf]P

R

R

R

'

ˆ

'

ˆ

*

ˆ

=


and its dual: 
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Note the important difference between these two transformations: (145) represents a simple rescaling of spatial coordinate system, while (146) represents the change of the present, from Q(P, for the normalized variables in the two systems. 

The principle (135) (or simply dimensional analysis) means that the same form of transformation relates any two spatial quantities in the two systems, so we also get: 
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And similarly for We, Wq, and any other spatial quantities. In brief, the transformation from the ‘-coordinate system to the *-system simply amounts to a uniform scaling of the spatial units, by the factor: 
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I will now summarize the transformations for some other quantities. 

Fine length ratio, f. 
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Ratios are invariant.
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and: 
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Note:
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So from (150):
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and: 
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Note this has the same form as (146). 

Time. 

We take s’ and s* to represent the same interval of time in the respective systems, and we again have: 
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From (101) we have:
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So that: 
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And: 
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or: 
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I.e. units of time in the starred system are simply rescaled w.r.t. dashed system by the constant factor: 
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, and vice versa. 

Mass. 

We take ’ and * to represent the same amount of mass in the respective systems, and we again have: 
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From (103) we have:
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So that: 
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And: 
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I.e. units of mass in the starred system are simply rescaled w.r.t. dashed system by the constant factor: 
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Electric charge. 

The same pattern of reasoning gives us:
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And: 
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Energy. 

Note that energy, with the dimensional analysis: ML2/T2, is invariant between the two systems, because: 
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Energy is a special invariant quantity in the system (as also evident from the fact that mc2 = m0c02 =  m’c’2 = m*c*2 is a constant). This is critical to ensure the continuity between ordinary physics and the new theory. 

These rules give us the changes in the coordinate scales between the two systems. We can also easily calculate the laws of dynamic evolution for the various physical constants in the new starred system. For time translation invariance we require these to have the same form as the original equations in the dashed system; we must check that this is so. I will do this for c’ as an example. 

Time translation of dynamics of c’. 

Speed of light (2.1):
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Boundary values:
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Using (146) and (151) with (106) and the boundary values:
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Inverse relationship: 
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Hence we obtain the dynamics in the starred system as:
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And the dual transformations: 
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and:
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This can easily be repeated for all the dynamic equations. It must also be done for all the additional empirical relationships proposed in the theory, and this is actually a severe constraint on the kinds of relationships that are logically consistent. But we will now move on to a brief discussion of the operational definitions of the physical variables, which is needed to show how the transformations between the ‘true’ (dashed) system and our ordinary system of variables must be defined. 

Variable transformations and operational definitions. 

We obtain the transformations between our ordinary variables and the new system of variables essentially by (i) considering the ordinary operational definitions of measurements of time, space, mass and charge, in ordinary physics; and (ii) imposing the interpretations these measurements entailed by the new theory, allowing us to predict: (iii) the dynamics of the ordinary system of quantities or measurements. E.g. if we defined the fundamental unit of mass in ordinary physics as the rest mass of the proton, (which is ordinarily supposed to be invariant with time), then in our new theory we find that this unit actually changes (by (109)), and we can predict the relationship between the true masses, m’, given by the new theory, and the measured masses, m, obtained on the ordinary theory. 

However there is a special problem here: the ordinary theory is contradicted by the new theory, and two different operational ‘definitions’ which are equivalent on the ordinary theory may become incompatible on the new theory. Mass is a good example: suppose that we take the rest mass of the electron as the unit of mass on the ordinary theory. Given the ordinary theory, this is constant just like the mass of the proton, and gives an equivalent variable for mass (just with a different unit or coordinate scale). But on the new theory, the rest masses of the proton and electron slowly drift apart as f increases. Hence, if the new theory is correct, the operational definition of ordinary mass in terms of the proton would contradict the operational definition in terms of the electron.
This shows the theory dependence of the system of measurement. It raises the problem: what operational definitions of ordinary quantities should we adopt for the old theory when we switch to the new theory? We now have a choice which did not exist on the old theory. This choice is partly conventional. We can adopt a number of alternative operational definitions of the ordinary quantities of time, space, mass and charge, and these alternatives have slightly different transformations into the new variables. However, the predictions of the empirical results of ordinary measurements entailed by the new theory are themselves quite stable, and not affected by this choice. It is merely a split in possible conventions for assigning coordinate systems for quantities on the old theory. We could indeed define the different transformations to each of the possible alternative ordinary coordinate systems that have now appeared, and work out how measured quantities assigned in each system should be predicted on the new theory. But this would be unnecessarily redundant and complicated, and we will instead simply fix on the most ‘convenient’ choice of operational definitions, and define the transformations through this. 

This choice is partly determined by taking the role of two fundamental constants into account: the speed of light, c, and Plank’s constant, h. Our ordinary system of measurement is based on assuming that these are invariant quantities. 

For instance, the most obvious way to introduce a ‘fundamental unit of length’, advocated by many authors, is to define it as the Bohr circumference of the electron or the proton, our quantities: We = h/mec   or:  Wp = h/mpc. (Which diverge according to our new theory just like the masses
). But the supposed constancy of these quantities depends in the first place on the assumption that h and c are invariant. This assumption is so central to ordinary measurement theory that we will take it as our primary requirement, and demand that our ordinary system of variables is defined to make c and h, as measured in the ordinary system, invariant w.r.t. time. 

Hence we take the dynamic conditions: c = c0 and h = h0 as fundamental constraints on our operational definitions of ordinary time, space, and mass.

Now the natural way to define a ‘fundamental unit of time’, given the definitions of units of space in terms of the Bohr circumferences above, is to define it as the time for light travel around the Bohr circumference of the electron or the proton, i.e: We/c = h/mec2   or:  Wp/c = h/mpc2.
But we now find that the relation between ordinary space and time variables is fixed, whichever choice we take:

Choice 1: x = We. t = We/c.
Choice 2: x = Wp. t = Wq/c.

x/t = We/( We/c) = c = c0 
x/t = Wp/( Wp/c) = c = c0
We also know that in our new theory, 
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. And on either corresponding choice of units in the new system we find that: 
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Thus we find that the ratios between the time and space transformations are determined to be: 
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However, this still does not fully determine the choice of ‘appropriate fundamental units’ for space or for time alone, in the ordinary system, and we need a further condition to decide this. We take the ‘simplest’ choice, in a mathematical sense, which is to take W as the natural unit of length, and W/c as the unit of time. W is a special ‘average’ of the quantities We and Wq. Its real advantage is that its evolution is exactly proportional to R’, getting rid of the complicating factor f from the transformations. Choosing W as the ordinary definition of the unit of length then gives us: 

Choice 3: Space. 

x = W = defined constant unit of length in ordinary system = W0.
But then, since: 
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, which gives us (102). 

To summarize: 

A. 
We first choose c and h as truly constant in the ordinary system of variables. 

B. 
We then choose to define the unit of (constant) ordinary length operationally as: W. 

C. 
Then (A) and (B) determine that the space transformation to the new system of variables is given by (102). 
The choice of W as the ordinary space unit then compels us to adopt W/c as the time unit, to maintain the constancy of c as measured in the ordinary system.  

D.
We define a unit of (constant) ordinary time operationally as: W/c. 

E.
Then (A)-(D) determine that the time transformation to the new system of variables is given by (101). 

Similarly, the choice of W as the space unit, and W/c as the time unit compels us to adopt m as the mass unit, to maintain the constancy of h, and: 

F.
We define a unit of (constant) ordinary mass operationally as: m = h/cW. 

G.
Then the definition of mass from length W and (A) determine that the mass transformation to the new system of variables is given by (103). 

The choice of units for the electric charge is actually already over-determined by the dynamics of the other electric quantities, to maintain the invariance of the equation: c2 = 1. For  is defined as a true constant; the dynamics of c are already determined; hence  is determined by: c2 = 1. But the dynamics of ’ are also already determined; and this determines the necessary transformation for charge, (104). This transformation, along with the dynamics of other quantities, means that, in the ordinary system, the electric charge of the electron is not constant, but changes by (115): 
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H.
We define a unit of (constant) ordinary charge operationally as: 
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I.
Then the dynamics of other electric constants determines that the charge transformation to the new system of variables is given by (104).
It might be wondered whether the units for charge in the ordinary system should be defined to make the electric charge, e, of the electron (or –e of the proton) constant. This is the normal assumption; but it turns out to be inconsistent with the new theory, which requires that the charge of the electron, e, changes with f. 

This system of transformations is therefore determined by making the ‘conventional’ choice, (B). We could alter this choice (e.g. to Choice 1 or Choice 2 above). The resulting theory would still be empirically identical to the present system; the only real effect would be to make the transformation equations slightly more complicated. And it is clear the (B) is the natural choice in the context of the new model. 

We should also note that the operational definitions given here are extremely close to the ‘ordinary’ choice of using the electron or proton as the basis for defining units of length, time, mass and charge. According to the new theory, these quantities depart from being truly constant only by changes in fine factors of f. While f itself is currently about 72, the changes in f in the period from the end of the Big Bang to the present are very small – at most only a few percent of its current value – and will be extremely difficult to observe directly. It is even possible that there has been no change in f at all since the Big Bang; we examine this shortly. 

To complete this section, we should also make clear how the dynamics of the constants in the new system, plus the transformations (101)-(104) from the new variables to the ordinary variables entails the dynamics of the constants in the ordinary variables. We have already seen this in principle, but it is useful to summarize it clearly with a few examples. 

E.g. Speed of light: c=c0.
c is a quantity of speed, with the dimensional analysis: L/T. Hence it has the same dimensions as: dx/dt. Hence, by (135): 
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Using transformations (101)-(102), and dynamics for c’ (106):

(165) 
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E.g. Plank’s constant: h=h0.
h is a quantity of angular momentum, with the dimensional analysis: ML2/T. Hence it has the same dimensions as: dmdx2/dt. Hence, by (135): 
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Using transformations (101)-(103), and dynamics for h’ (107):

(166) 
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Dynamics of other constants are easily verified in the same way. 

Lorentz symmetry fails for the global frame of reference. 

We now return to a point that was raised earlier: the Lorentz symmetry holds in the simplest application of the TFP theory, if we assume that space is globally ‘flat’. But when we consider the global description of a finite expanding universe, the Lorentz transformation fails. Applying it globally would correspond to altering the rotational velocity of the universe as a whole; but rotational momentum is an absolute quantity, and cannot be ‘reinterpreted’ relative to a conventional reference frame. 

This is easily illustrated as an observable consequence of the model. Suppose that we send two particles of light from a certain given point, P, in exactly the opposite directions, and they travel right around the universe. Then some time later, given the global curvature of ordinary space that we have proposed, they should cross each other on the opposite side of the universe (as long as the expansion is not too fast to prevent this); and some time later again, they should cross each other again back at the original point they left from. The event of their crossing is observable in principle – it requires them to be detected at the same place at the same time. Therefore, we know that the point of space where they cross for the second time is the original point of space they left from. 
But this point is not invariant w.r.t. a (local) Lorentz transformation in the direction of motion of the light at the original point. Suppose we choose a Lorentz transformed system, which moves with speed V, relative to the original (true) system, along the trajectory of one of the light beams. Then when the two particles of light cross at the original point they left from, the coordinate origin in the transformed system will have moved to a different point. Thus, the transformed system will not correspond to true spatial position; and it will not correctly predict the points at which the light crosses. 

[image: image265.wmf] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

time

 

Space: R’ = dashed system

 

Q

 

R   S

 

R

’

R

 

R

’

Q

 

 

=

 

R

’

0

 

 

R

’

P

 

R

*

R

 

R

*

Q

 

R

*

P

 

=

R

*

0

 

 

P

 is the 

present 

point 

in the 

starred

-

system.

 

 

S*

P

 = S*

0

 

R*

P

 =

 R*

0

 

c*

P

 = c*

0

 

Etc.

 

Q

 is the 

present 

point 

in the 

dashed

-

system.

 

 

S’

Q

 = S’

0

= S

0

 

R’

Q

 = R’

0 

= X

0

 

c'

Q

 = c’

0 

= c

0

 

Etc.

 

R

 and 

S

 are two 

other arbitrary 

or  general 

points. 

 

 R* = starred system

 

P

 


Figure 19. The global curvature requires absolute space. 

This simple consideration shows that, in the new model, space is absolute, and absolute spatial velocity is detectible in principle. 

This absolute frame of reference for space is not only detectible in principle, it has actually been established in practice, by the observation of the cosmic microwave background radiation (CMBR). No one can send light-beams around the universe and detect where they cross; but the choice of the frame of reference has another effect: the Doppler effect, of changing the observed frequency of light. If we send two beams of light at the same frequency in the true frame of reference, then when we Lorentz transform to the new system, one will appear red-shifted (as it initially recedes from us) and the other will be blue-shifted (as it initially recedes). When we detect them again after they have circulated the universe, this Doppler effect will be reversed: the blue-shifted light will now appear red-shifted, and the red shifted light will now appear blue-shifted. This is a second detectible effect of absolute motion of the reference frame. 

The CMBR provides a source of radiation that provides exactly this effect. On the present model, this radiation was created in a chaotic flux soon after the Big Bang, and it should be isotropic (on average) w.r.t. the true spatial frame. There is a unique frame of reference for space in which the CMBR is isotropic: if we choose any other velocity-boosted frame, the radiation is blue-shifted in one direction and red-shifted in the other direction. (E.g. our own solar system and galaxy is moving at high speed w.r.t. the CMBR). 

We therefore assume that the absolute frame for space postulated in the model is determined empirically by the CMBR.
 
Now this does not contradict the importance of the Lorentz transformation as a local principle. It is simply that this does not have the far-reaching consequences that physicists have supposed, viz. there is no absolute metric for space and time.  Global considerations require that there is such an absolute frame, despite the local Lorentz invariance. 

If we maintain an absolute frame for space, relativity theory necessarily also fixes an absolute frame for time, and absolute relations of simultaneity (and vice-versa). For if absolute space is determined, there is a unique metric for time that satisfies the space-time metric, and vice-versa. 

Finally, I note that an absolute frame for time seems almost indispensable for any kind of theory of evolving fundamental constants like that proposed here – because the local constants are proposed to depend on the global state of the universe at a moment - but what does this global state refer to if there is no global frame of simultaneity? And given that the fundamental constants are connected to the global state at a time, they provide local measurements of this state. At any rate, this is the conclusion of the TFP theory. 

TFP Gravity generalised. 

We have now seen how the TFP model naturally requires a system where the fundamental constants are properties of the space manifold, and reflect the global state of the manifold. This feature already appeared in TFP gravity, where we found that the gravitational curvature modifies the local speed of light, c, and particle rest masses. The theory of gravity must be generalised to systematically include the effect of the local gravitational ‘expansion’ of W on all the constants. This is not simply given by the relationships in the cosmological theory, however, because those relationships are the average global effects on space, whereas local gravitational effects are only ‘partial’: local gravity modifies the local value of W, but without modifying the global value of R. The result is a kind of mutation of the global cosmological theory. When this is worked out in detail we obtain a fully systematic version of TFP gravity. 

There is one important feature that must be considered: the cosmological theory predicts relationships between the local constants and the global variable R; and between certain local constants, such as the fine structure constant, , and the fine length ratio, We/W. But since we are in the local gravitational field of the Earth, the Sun and the Milky Way, it must be expected that these relationships will be slightly distorted from their true ‘average’ values for the universe as a whole. 

There are a number of additional effects that need to be worked out in detail before the theory is really complete; e.g. there is a self-gravitating effect that arises in a closed universe, and a variety of non-local effects of mass amalgamation that have already been mentioned, which must be calculated before we can arrive at an analysis of galactic rotation, galaxy formation, dark matter, etc. These are the subject of ongoing studies. 

12. QM measurement and the probabilistic interpretation. 

Key concepts of TFP have been summarized, but a fundamental area remains: what is the TFP interpretation of the quantum wave function, quantum measurement theory, quantum probabilities, and wave function collapse? A basic interpretation of the QM wave function for a fundamental particle has been outlined: it is a wave-like distortion of the TFP space manifold, which simultaneously incorporates the gravity wave (as the average real-valued amplitude of average distortion, evident at a distance with large conglomerations of mass), and the complex QM wave (interpreted as the ‘spinning’ wave distortion, evident up close). This replaces the usual idea of a quantum particle wave as an essentially arbitrary linear sum of momentum or energy components – now we have a specific exponential-type amplitude for a particle wave form – and it gives the deterministic dynamics of the wave. 

But we have said nothing yet about wave function collapse, or the interpretation of QM probabilities. This seems the hardest feature in all modern physics to explain. It is definitely a problem for TFP. TFP forces us to focus on some key issues in the current theory of QM measurement, and I have been led to reexamine a number of key questions. This is such an extensive topic that I will only make some summary comments here, and treat it at greater length in subsequent discussions. 

The most obvious kind of interpretation suggested by TFP is a deterministic ‘underlying variable’ interpretation, similar in many respects to Bohm’s theory, and many of Bohm’s concepts carry through quite directly to the TFP model. We do not exactly have a definite point particle plus pilot wave, as in Bohm’s model, but something very close: a determinate ‘particle center’, i.e. the center of the particle-wave amplitude; plus a wave-like disturbance around it. There is also a natural realistic interpretation of spin states, for which the TFP theory now provides a kind of underlying variable. On this kind of model, ordinary QM measurement theory appears as a ‘mixture’ of two different theories: one part describes fundamental particles as genuine, extended, wave-like disturbances; the other part is really stochastic, and describes ‘mixtures’ of possible precise underlying wave states, which are determined in reality, but underdetermined by initial conditions in typical experiments. 

The mechanism for wave function collapse in this model is very much like Bohm’s: there is no real non-local collapse at all, only a real observation of local effects. The QM waves would really interact to produce interference effects through wave-like interactions, as in Bohm’s theory. But there are a number of deep-seated problems, represented by the Bell theorems, the Kochen-Specker ‘paradox’, Gleason’s theorem, and the non-local effects that are still required in Bohm’s pilot wave theory
. 

This raises two different kinds of questions: first, what is the TFP theory of measurement, does it give any ‘realistic’ kind of wave function collapse, does it involve real physical probabilities or randomness in nature, does it imply instantaneous transmission of information at a distance, and how do the results differ from ordinary QM measurement theory? Second, if there is an alternative theory, does this reflect in any way on the theoretical coherence of ordinary QM measurement theory? Is the ordinary theory really consistent or complete? 

TFP proposes that there is real or absolute simultaneity; and this would mean that in the ordinary theory of quantum measurement there is an absolute frame of reference in which wave function collapse occurs. Is this detectible? Almost all current theorists think not: wave function collapse transmits ‘information’ instantaneously, or non-locally, but the information transmitted is the ‘random’ result of a distant measurement, and cannot be controlled to transmit ‘signals’, or to establish any preferred reference frame for the collapse. I.e. QM measurement is believed to have the Lorentz symmetry. But this symmetry would seem a coincidence in TFP – if instantaneous collapse is real, why don’t the non-local effects show up in some measurable way that depends on the absolute simultaneity relations?  

But it is most likely that TFP requires an alternative theory of measurement, with different predictions to the ordinary theory. If so, is ‘collapse’ real on the TFP theory? If collapse is real, then can it be used to establish an absolute frame of simultaneity from local measurements? If not, then how can it be reconciled with ordinary QM measurement, and in particular, with the various theorems that count against hidden variables, such as Bell, Kochen-Specker and Gleason’s theorems? 

An important point that I think needs to be reexamined is the generality of the proofs that ordinary QM measurement is Lorentz invariant, i.e. that the probabilities of space-like separated measurements are always independent of their temporal order. This has been discussed extensively, and most authorities have concluded that Lorentz invariance is indisputable
, but I think the proofs have a certain limitation: they deal with composite systems involving two or more particles, typically combined in a singlet state and then separated, where we attempt to ‘control’ the result of measurement on one particle by manipulating the measurement on the other. If we could do this, we could send signals directly: and this does indeed appear impossible. But what does not appear to have been exhaustively analysed is whether any kinds of space-like separated measurements on a single particle wave function may require an absolute temporal order to be consistently interpreted. This may appear trivial at first, but I think it is problematic. It is not dealt with explicitly in the well-know arguments that non-local signaling is impossible: rather, it is taken as an initial assumption that quantum measurement theory applied to single particle wave functions has Lorentz symmetry and is unproblematic. 

I will propose a specific non-Lorentz-symmetric measurement process for a single particle wave function in a further study; this effect does not let us directly send signals using a single particle - but it would ultimately require an absolute frame of simultaneity to interpret the results of measurement on an ensemble of such particles. But this problem is too extensive to discuss in detail here, and I will continue with a second key issue evident in TFP, which is closely related. 
The second issue involves the continuity of the measurement process through time, and this has also appeared as a fundamental problem, particularly in the guise of the ‘quantum Zeno paradoxes’
. Ordinary quantum theory appears inconsistent with the assumption of a continuous measurement (or collapse) process: instead, measurements are assumed to be special, discrete events. QM measurement experiments are interpreted ‘holistically’, in a sense recommended by Bohr: we set up an experiment with some particle detectors to generate measurements, we send a QM particle-wave through the apparatus, and we calculate the relative probabilities of different measurement results assuming that a discrete wave-function collapse event is triggered by the measuring devices. But there is a radical discontinuity between the continuous (deterministic) wave function development and the measurement collapse event. 

In particular, ordinary QM measurement theory does not allow us to follow the wave function through the measurement event continuously in time. This has struck many theorists as very strange, and as showing the inadequacy of the ordinary theory as a description of the fundamental processes involved. Most physicists just live with it by adopting some kind of positivistic or instrumentalist approach, such as advocated by Bohr; this is all very well as far as ‘getting on with doing experimental physics’ goes, but it remains a fundamental conceptual issue. (Of course we can expand the quantum description to include the measuring apparatus itself, and describe a continuous evolution of the measuring apparatus plus system to be measured; but now we fail to get any wave function collapse or distinct measurement outcome - we get instead a superposition of possible states of the measuring device. This fails to generate any probabilistic events, because the full system now has a deterministic evolution. This is the original source of the problem, recognized by von Neumann (1932) in his axiomatisation of quantum mechanics, forcing him to postulate two distinct types of processes). 

TFP draws particular attention to this problem, because in TFP, the complex wave function is interpreted as physically real. The orthodox positivistic approach to QM works by denying the physical reality of the wave function, and limiting ‘reality’ to the results of measurements and conditional probabilities of measurements; but this anti-realism about the fundamental quantum mechanical entity is at the source of the conceptual problems that currently plague quantum measurement theory, and the point that Einstein pounced on very quickly. 

In TFP, at any rate, there appears little choice: the wave function is now interpreted in a fully realistic way, as a wave-like distortion of the space manifold, with a continuous development in time. There is no way of avoiding the problem of giving a continuous description of the measurement interaction in TFP. My attempts to construct such a theory have led me to a number of somewhat unusual conclusions, and I will mention some basic points. 

First of all, I believe it is possible to construct a continuous QM measurement theory: but it can only be done by requiring a continuous wave function collapse on the null measurement, and a continuous renormalization of the wave function on the null measurement. This continuous collapse process is required to maintain consistency and (the primary symmetry of TFP) time translation invariance. The result is an asymmetry between null measurements and ‘positive’ measurements. The resulting theory applies to ordinary QM, but it is inconsistent, in a subtle way, with ordinary QM measurement theory. Indeed, if it is correct, it means that the ordinary measurement theory is inconsistent in certain applications. This is apparent through some experimental setups where the ordinary theory seems to fail to give unambiguous predictions. 

This modified measurement theory also changes the interpretation of the Kochen-Specker theorem, essentially because it requires a special basis to represent the measurement process, and it does not allow all the measurement combinations (or projection operators) assumed in the ordinary theory as physically real types of measurements (a point that has also often been suggested). In fact, a special position-time basis now becomes preferred, and other representations, e.g. the momentum-energy basis, become inadequate when we come to describe the measurement process in detail. 

However, this theory, which I will call the continuous renormalization theory, also appears inconsistent with the simple local-realistic TFP interpretation - because it still involves non-local effects. The result is that there are three theories that can be experimentally tested against each other: (i) standard QM theory, (ii) the continuous renormalization theory, and (iii) the simple local-realistic TFP theory. Now I distinguish the simple local-realistic TFP interpretation because there is yet another possibility: the TFP model is also consistent with a many worlds interpretation. We simply arrive at a space of ‘many worlds’ which are individually constructed from definite physical manifolds. And then non-local effects are really possible again. The non-local effects already evident experimentally in (i) are ambiguous w.r.t. this question; but if the peculiar non-local effects in (ii) were experimentally confirmed, then I think we may be compelled to consider a many worlds interpretation to sustain a TFP theory. Alternatively, I suspect that the non-local effects predicted by (ii) will fail to appear empirically; and in this case, the alternative simple local-realistic TFP interpretation may be confirmed after all. 

In this connection, we should also note that the question about non-locality is still distinct from the question of determinism. The dynamics of the underlying wave functions in TFP appear to be naturally deterministic, but this is not really necessary, and indeed, there may be a natural way of introducing a genuine ‘randomness’ into the dynamics. Full determinism only obtains if the wave functions are fully (or eternally) analytic. If so, the wave functions present in space at a given moment determine all the future dynamics (essentially because there is a Taylor series determining future trajectory values from present time differentials, permitting an ordinary Lagrangian analysis, as in classical mechanics). But the assumption that the wave are analytic w.r.t the infinite future is a kind of metaphysical assumption that is not very natural when we have particle creation and destruction, and might not be physically realized. I will suggest a scheme where analyticity is only partial: particle-wave trajectories are analytically determined by present differential properties only for a finite future time; this analyticity breaks down when particle-waves come to interact strongly enough to create and destroy particles. (The same idea is equally applicable in ordinary QM theory as providing a condition for wave function collapse).

The approach forced by TFP in this area may prove to be wrong, but it focuses our attention onto some very fundamental issues which need to be resolved. 

13. Time flow and physical time directionality. 

Finally, I will return to a topic that lies at the heart of TFP: the question of the ‘direction of time’, and the connection of ‘metaphysical time flow’ with the physics of irreversibility and time reversal symmetry. There are two main concepts of ‘time directionality’ in physics. First is the concept of time reversal invariance of fundamental theories or laws of nature. Second is the concept of irreversible processes. The connection between these has been deeply troubling since the time of Boltzmann. The physical reality of irreversible processes is undeniable: most types of physical processes we observe cannot be made to occur ‘backwards in time’, i.e. their time reversed images do not appear possible. We cannot make water run up hills, for instance – which is exactly what the time reversal of a river would require. 

Explaining the predominance of irreversible processes in our universe has been especially troubling because most physicists have come to believe that the laws of nature are time reversal symmetric. It is widely claimed that the best theories of physics we know of have this symmetry. If so, then the time reversals of ordinary processes are not physically impossible in principle; they are merely missing in practice. 

Quantum mechanics is of greatest interest here, since this is our best current fundamental theory of ordinary processes. The time reversal invariance of quantum mechanics is claimed by almost all the authorities in the subject
. This is taken as one of the primary foundational results in the subject. But unfortunately this claim is based on a conceptual error. The problem has been recognized by a number of writers over the years - most notably, by Satosi Watanabe, who gave a brilliant analysis of the problem as long ago as 1955. Unfortunately Watanabe’s work has been overlooked and misinterpreted by subsequent commentators. 

The error lies in the conceptual analysis of what time reversal invariance means for probabilistic theories. The orthodox analysis takes it mean that ‘time reversed transition probabilities’ in quantum mechanics are equal to ‘forward transition probabilities’. But the ‘time reversed transition probabilities’ are identified in the orthodox analysis as being future-directed transition probabilities between time-reversed states – which is a conceptual mistake, as Watanabe showed. The time reversed probabilities required for time reversal symmetry instead have to go ‘backwards in time’ – since the ordinary probabilities go ‘forwards in time’. I have analysed this detail in Holster 2003a, and I will not repeat the arguments here; but the upshot is that:

(A) The concept of time reversal symmetry for probabilistic theories (and indeed, for deterministic theories too) has been misunderstood in the most authoritative contemporary treatments of the subject.

(B) The symmetry of quantum mechanics that is claimed as time reversal symmetry is logically independent of time reversal symmetry – and in fact, it does not even correspond to a general transformation.
(C) The probabilistic part of quantum mechanics is strongly time asymmetric, despite what we read in most books and articles on the subject.

(D) But this asymmetry does not explain irreversibility, and the explanation of irreversibility is still not understood.

(E) The orthodox view that the irreversibility of processes is merely ‘accidental’ or ‘contingent’ or ‘de facto’ is based on incorrect analyses.

(F) If quantum mechanical probabilities are truly fundamental in nature, then time has an intrinsic directionality conferred by the asymmetry of the laws quantum mechanics.

This leaves the contemporary view of physical time as ‘intrinsically symmetric’ in disarray. This view is a reflection of metaphysical intuitions and presumptions of contemporary philosophers and physicists, rather than a scientific view. It is not supported empirically. The empirical evidence actually counts against it – because QM is not time symmetric. The primary scientific problem remains to explain irreversibility, and I will briefly comment on TFP in this connection, before going on to the deeper question of the relation between the directionality of physical time and time flow.  

The origin of irreversibility and thermodynamics. 
A major challenge confronting modern physics is to explain the origin of irreversibility, which is normally seen as the problem of explaining the origin of the very low entropy state of the universe immediately after the Big Bang. If we can explain this, then ordinary thermodynamics can take over, and explain the subsequent development of irreversible processes. 

It should be emphasized that there is no explanation of this at all in orthodox modern physics or cosmology. If anything, the orthodox theories present us with contradictions. The recognition that quantum mechanics is time asymmetric is an important step in clarifying the problem, but this asymmetry does not by itself provide any explanation of the origin of irreversibility. (If anything, it accentuates the problem, because it exposes the related problem that quantum physics appears to give no adequate theory of nomological retrodictive or past directed probabilities.
)

TFP offers an explanation of irreversibility, however: the TFP cosmology is naturally time asymmetric, in a strong way that forces irreversibility. The mechanism lies in the inflationary process, which precedes the Big Bang proper. This is evident once the full cosmological model is given. 

In fact there are two quite distinct scenarios for the universe in TFP: one is a cyclic universe, which periodically expands and contracts; the other is a continually expanding universe, which never contracts again. The cyclic model seems more ‘metaphysically’ satisfying to me, and there are conceptually viable cyclic solutions
; but the simplest realistic solution for our universe appears to be a continuous expansion (in fact, an accelerating expansion). 

The explanation of irreversibility is very similar on either model, although it should be emphasized that they have a dramatic difference in the global temporal structure of the universe. The continual-expansion model is asymmetric in the expansion process itself – the universe was contracted in the past and expands in the future – and this poses a fundamental question: how did the universe originate in the first place? The cyclic model disposes of this question, by making the universe exist through an infinite past with an infinite periodic process, making the present state of the universe unexceptional in the overall history of the universe. 

It may not seem surprising that the continuous-expansion model could give irreversible processes during the expansion. What is more remarkable is that the cyclic model also does this – even if we suppose a purely time symmetric cycle of expansion and contraction. A powerful time asymmetry is generated in ordinary local processes – irreversibility is inevitable in this theory. The origin of this irreversibility is quite surprising: it involves a connection between the cosmological expansion and transition probabilities between fundamental quantum states. It requires that the ordinary ‘reversibility symmetry’ of quantum mechanics breaks down in the contraction process. 

I will explain this in detail in a subsequent study. But I conclude this summary by briefly returning to the concept of metaphysical time flow. 

Metaphysical time flow. 

What about the ‘metaphysical’ concept of time flow, proposed at the start of TFP? What role does it play in the physical theory? Physicists may accept that alternative theories of physical time directionality are possible; and even that theories with physical simultaneity relations are possible; but most would still dismiss time flow itself as a metaphysical extravagance. I will now briefly explain some reasons for taking time flow seriously in the metaphysical foundations of physics – or at very least, reasons for hesitating to reject it immediately for the kinds of reasons that are currently popular among philosophers of physics. 

Let us start with the main ‘empirical’ argument against time flow, summarized as follows: 

1. Time flow entails physically real and unique relations of simultaneity. 

2. Relativity theory (or Lorentz symmetry) contradicts the existence of simultaneity relations. 

Therefore: 

3. Time flow is empirically disconfirmed. 

But we have seen that this argument has problems. First, the conclusion only follows given relativity theory (or Lorentz symmetry) is fundamental in nature, but this is not conclusive. TFP is an attempt to show there may be a plausible alternative theory, which is not absolutely Lorentz symmetric. Second, the premise (2) is too strong: relativity theory at best only means that simultaneity relations are redundant – not contradictory. And third, premise (2) may be wrong in a stronger way, because certain kinds of closed GTR universes with globally curved space may require simultaneity relations after all. 

However, even if we allow these points, it will be objected that at best they only count in favor of simultaneity relations, not time flow.  Indeed, TFP, as summarized so far, only appears to require simultaneity relations, not the full ‘metaphysical’ trappings of time flow. It will be readily admitted that the evidence for or against simultaneity relations is empirical – it depends on the correctness of relativity theory, which is empirical. But many philosophers of physics would still maintain that time flow is not an empirical concept, and should be abandoned in physics, because we can do physics well enough – even classical physics - using a block universe ontology, which is preferable because it is logically and metaphysically simpler. 

But I think this question is hardly settled so easily, and there are at least three important points that must be considered: 

(A) Is time flow a natural metaphysics in the light of the time asymmetry of quantum probabilities? Does the conception of real, future-directed probabilistic events in nature require time flow? 
(B) Is time flow natural or necessary in the foundations of our ordinary epistemology of physics – our foundational beliefs that the physical world has enduring substances, fundamental causal relations, etc, connected through change? Does time flow give a simpler ontology for this in the end than the block universe view?

(C) Is time flow natural or necessary for our theory of mind, or for understanding our phenomenological experience, which includes our sense of conscious self-identity through time, with changing sensations, perceptions, thoughts, etc? 

I will briefly comment on these points. 

(A) A key argument that time flow is not needed in physics depends on the view that physical time is intrinsically (or nomologically) symmetric w.r.t. its two directions, earlier-than and later-than. If this was true, then time flow, with its intrinsic distinction of past and future directions would appear to be redundant in physics – for there would seem to be nothing in physics alone to require us to identify ‘earlier-than’ with the metaphysical notion of the ‘past’ direction and ‘later-than’ with the ‘future’, rather than vice versa. But the premise of this argument – that fundamental physics incorporates no intrinsic difference between the two directions of time – is instead contradicted by the theory of fundamental quantum probabilities. Storrs McCall has argued for this in some detail
; the point is that the direction of the future is naturally and necessarily identified with the temporal direction in which QM probabilities are realized. We can formulate conditional probabilities of past events, given present events – but these probabilities appear to be merely subjective or epistemological probabilities, not fundamental transition probabilities. Future-directed probabilities in quantum mechanics seem to require an element of genuine ‘randomness’ in nature, mediated by something happening – i.e. by real change of what facts about the history of the world are determined. This is a natural place in physics for the ‘metaphysical’ concept of ‘real change’, and it seems to give a natural fundamental interpretation of the difference between the ‘past’ and the ‘future’ in real physics. 

(B) It is often said that the block universe view of existence is a simpler metaphysical view than the time flow view – but I think this argument depends on a misinterpretation by block universe theorists of what time flow means. Following McTaggart’s formulation of the ‘A-series’ and ‘B-series’, the ‘time flow ontology’ is characterized by first assuming a block universe ontology, and then adding a distinction between past, present and future to this. But that is not the meaning of time flow at all! Instead, the most natural interpretation is that the world exists as a concrete present state, and this state changes, generating the temporal sequence through change. Time is not an existing ‘thing’ (like space) in this ontology: it is the sequence of change of state or properties of permanently existing objects or substances. This confers an equivalent quality on the class of facts about the world: the class of facts changes. ‘Tensed facts’ are necessary to incorporate this property. Change is fundamental, and not reduced to the changeless temporal relations evident in the block universe. 

Now this time flow view corresponds much more directly to our intuitive experience and intuitive interpretation of the ‘metaphysical construction of reality’. We perceive time in terms of objects or substances that persist in existence through change, and we perceive change as changes in properties or qualities or relations between enduring objects. Block universe theorists frequently try to demonstrate analogies between time and space, but the analogies are forced, and break down because while objects or substances persist through time (with trajectories), they do not persist through space in the same way at all. If we follow ordinary objects through time, they do not suddenly go out of existence, or disappear from the world – whereas if we travel spatially through an object, we find a sudden boundary. World-lines of real objects in space-time are time-like trajectories, they are not space-like. 

Now this is reflected formally in differences in the logical space of possibilities allowed on the block universe and time flow ontologies, respectively. Simple (kinematic) block universe worlds are defined by collections of (space, time, object)-points.  But there is no logical necessity for objects in worlds defined in this way to have temporally continuous trajectories. Worlds can be defined in which objects randomly appear and disappear from space. Indeed, the vast majority of logically possible worlds of the block universe variety are of this kind: ‘random’ collections of space-time-object ‘dots’. We have to subsequently propose that the ‘physically possible worlds’, or real kinematically possible worlds, are just a tiny sub-space of the logically possible worlds. In fact, we are talking about an infinitely tiny sub-space of the logical space – because the number of possible worlds in the logical space differs by an order of infinity from the number of ‘kinematically’ possible worlds in which objects have continuous trajectories. 

The logical space for the time flow ontology is very different: the most natural way to define a time-flow world is to specify: (i) a collection of objects with a full set of instantaneous properties at a present moment of time, and specify (ii) that these properties change. We include a full set of time-differential properties among the instantaneous properties – i.e. positions, velocities, accelerations, rates of change of acceleration, …. Then all objects that have fully (eternally) analytic trajectories (in the sense of convergent Taylor series) have their past and future trajectories determined by these properties analytically.  And in this ontology, we can’t just have objects appearing and disappearing in time at random – because there is no logical representation of this in terms of the logical space we have assumed. 

I will argue in more detail elsewhere that the logical space on the natural time flow ontology is actually some order of infinity smaller than the corresponding logical space in the block universe ontology, and consequently, much simpler. I will not pursue these details further here, but block universe theorists have overlooked this kind of question, and we should beware of taking their arguments against their own formulations of time flow seriously. Equally, I think the block universe theorists have neglected the deeper role of our metaphysical assumptions about the nature of objects and properties in the foundations of epistemology. Parmenides, McTaggart, and many other modern writers against time flow certainly raise important issues; but to my mind, they point to the inadequate state of epistemology, conceptual analysis, and semantics, rather than giving any conclusive arguments of the unreality of time flow. 

(C) Finally, our immediate reasons for believing in time flow are not because of anything we have discovered in physics, but because of our experience – and particularly because of our consciousness of the passage of time. This involves the experience of having a ‘self’, and consciousness of a ‘personal identity’ which persists through time (or rather, which persists as the same self through changes in the ‘contents’ of consciousness, i.e. changing sensations, thoughts, etc). Now it seems that we cannot dismiss the reality of this experience purely on the basis of physics, because it fundamentally involves the nature of mind. And to judge the interpretation of our conscious experience of time we really need a theory of mind. Here the arguments against time flow usually implicitly appeal to assumptions that the correct theory of mind is materialist – that all reality is purely physical at its foundation, and our experience of ‘self’ or ‘consciousness’ is essentially a kind of illusion
. This assumption allows philosophical materialists to dismiss any direct evidence from experience or phenomenology, and turn the arguments back to fundamental physics. But this is a big leap of faith. There is not yet any adequate or detailed physical theory of mind based on current physics that explains and predicts the generation of consciousness. There is only an expectation that such a theory is possible – and materialists make the leap of faith that the resulting explanation of consciousness will not require any ‘strange’ new features of physics that we do not already know about from current physics.

But what if there is a ‘physical’ theory of mind, in a broad sense, but it requires radical new concepts that are just not evident in ordinary particle physics? Materialists tend to say “I think that is unlikely - why should the brain be any different, in its fundamental causal operation, to anything found in general physics?” But that is just an admission of a lack of imagination. It shows a lack of imagination that reality could be different from our preconceived ‘vision’ of it. Mind is such a strange thing in itself that it may be precisely the place where ordinary physics proves inadequate. But how can arguments against the reality of time flow be considered conclusive if they really depend on the success of a presently unknown theory of mind?

At the very least, the question of metaphysical time flow is not as simple as it seems to contemporary block universe theorists. Opponents of time flow often express a very powerful certainty that the notion of time flow must be wrong – but they also usually support their views by claiming that it is known with certainty that all known laws of fundamental physics are time symmetric.  Yet their analysis of the latter has turned out to be deeply flawed. Should we trust their analysis of the much more difficult concept of time flow?
 

14. Summary. 

The initial motivation of TFP is to see whether the concept of time flow can be reconciled with modern physics, despite the powerful preconceptions that this is impossible. The approach has been to assume time flow, and reexamine the interpretation of primary principles and discoveries of STR, GTR, QM, and cosmology. If the opponents of time flow are right, this should lead to contradiction or absurdity; but instead it leads to the development of a new type of theory, with a natural mechanism for generating both relativistic and quantum mechanical features. This theory ultimately breaks covariance, or Lorentz symmetry, but nevertheless reproduces the theoretical structures of modern physics in ordinary limits. 

I emphasize that this theory is genuinely unified: and the fundamental ontology is especially simple. There is just space, with natural continuum mechanical properties. Everything else is constructed from this fundamental substance. In particular, (i) particles are not added as extra ingredients; they arise as wave-like disturbances in the space manifold; (ii) quantum mechanical principles are not added as extra postulates; they arise from the boundary conditions and continuum principles of the manifold; (iii) GTR arises from a natural theory of curvature of space required for the representation of energy of waves in the manifold; (iv) a powerful cosmological theory also arises from the model. 

The model is very powerful in the sense that it over-determines these various theories. I would contrast this with the kind of speculation where theorists take principles from GTR and quantum theory and stick them together in an essentially ad hoc fashion, and then take the results seriously. E.g. adopting Heisenberg uncertainty relations from QM and black hole event horizons from GTR, and then obtaining predictions of worm-holes connecting space-time manifolds, universes sprouting from ‘nothing’ by the application of uncertainty relations in a pre-existing ‘vacuum’, and so on. These are interesting extrapolations of present theoretical ideas, and worth exploring as ideas, but I don’t think this mode of speculation represents the development of a unified theory.

Naturally I would argue that the TFP model is more theoretically convincing than many recent speculative theories proposed in physics. However, the real evidence lies in detailed empirical applications that require additional studies, so I will leave arguments about the empirical success for now, and conclude with some comments on philosophical issues. 

The possibility of a theory like TFP shows limitations in the popular arguments the relativity theory conclusively rules out time flow or simultaneity. TFP raises questions about the ultimate status of covariance, the symmetry on the basis of which practically all modern physics is pursued. And it questions the unavoidability of adopting the ‘space-time’ philosophy on which relativity theory is currently founded. 

The most general questions this raises are: (i) whether simultaneity relations are real in nature, (ii) whether the relativistic theory of intrinsically curved space-time is necessary, or whether it can be remodeled with a theory of extrinsically curved space of higher dimension (with or without absolute time), (iii) whether the fundamental constants are invariant with time, or instead dependant on the cosmological evolution of the universe, (iv) whether a fully realistic interpretation of the quantum wave function is possible, (v) whether fundamental physics is time reversal invariant. The fact that TFP is even plausible shows that these questions are not settled with the kind of certainty often presumed. 

Many subsequent questions also appear which TFP focuses special attention on. These range over many detailed issues in fundamental physics proper, including the interpretation of QM and wave function collapse, the source of physical time directionality, the generality of GTR, the understanding of time reversal symmetry and irreversibility, and so on. They also include many fundamental questions about the conceptual foundations of physics. 

Fundamental physics depends on a host of metaphysical concepts, including symmetry, causation, determinism, probability, counterfactuals, contingency, possibility, nomic necessity, relationism, ontology, and so forth, and these remain remarkably elusive. Even the basic concepts of semantics employed in analyzing these problems are problematic
. But a more specific problem is that the analyses proposed by many authors take the block universe view of time for granted, and suppose that these metaphysical concepts must be explicated in block universe terms. They refuse to refer to the underlying classical concept of time flow. If the attempted analysis is not successful, the conclusion is often drawn that the concept is therefore incoherent. But many of the classical concepts – such as determinism, causation, and so on – may only make proper sense in the context of time flow. E.g. determinism in classical physics most naturally means the determination of the future by the complete present state of the universe and the laws of physics.  But in the block universe, there is of course no ‘complete present state of the universe’, and hence no conclusive interpretation of what ‘determinism’ is determinism with respect to. Some writers then conclude that the very concept of determinism is undefined or incoherent – but this is really because they restrict themselves to trying to explicate a concept of determinism in a block universe. The same goes for many other metaphysical concepts. The role of time flow is at least important to recognize in these concepts, even if it is ultimately rejected as a scientific view. 
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� E.g. see Zbinden et alia 2003, for an experimental program to test of STR invariance in QM.


� Vanderburgh, 2003 points out some pertinent problems about this. 


� “In 1994 Michael Martin Nieto of Los Alamos National Laboratory and his colleagues suggested that the anomaly was sign that relativity itself had to be modified.”  Musser, 1998. 


� I return to this at the end of this paper; see Holster 2003a for a summary. 


� A key point is that the block universe theory reduces time to just another thing that exists, whereas the time flow view makes time a higher-order ‘quality of existence’, viz. a fundamental quality of ‘change’. Block universe theorists commonly misinterpret the time flow view by presenting time flow as simply adding an extra ‘partition’ of events (into past, present and future) on top of the block universe theory, and then arguing that this extra partition is redundant. But this is a misinterpretation that conceals the meaning of time flow. 


� E.g. Horwich, 1987, gives a very clear account (although I disagree with his view). 


� There are also ‘metaphysical’ arguments against time flow, which are quite popular with philosophers, e.g. McTaggart’s and Parmenides’ ‘paradoxes’. These raise important issues about conceptual and semantic analysis, but I will consider these elsewhere. 


� The geometric model is only summarized here in an intuitive way; higher-dimensional spaces are treated systematically in Reimannian geometry; see Kobayashi, S. and K. Nomizu 1963 or Spivak 1979 for the modern theory of differentiable manifolds.


� Note that this gives an explicit role to c as a quantity of speed – and raises a point about the interpretation of (1) as a metric, viz, why does the space-time metric involve a fundamental physical constant, c, rather than just being a mathematical form?


� Epstein 1983 uses a similar device to present the STR relations between space, time and proper time in a ‘visualisable’ form. He even suggests that this leads to a ‘visualisable’ model for gravity, which is qualitatively very similar to that presented below, without developing the idea formally. 


� This provides a ‘mechanical’ model that does what Lorentz himself sought: the space manifold represents as a kind of Lorentzian ‘ether’. The only difference is that the TFP space manifold is of higher dimension than Lorentz contemplated. Lorentz’s dissatisfaction with the relativistic ‘space-time’ philosophy, his insistence on finding a ‘mechanical’ explanation for relativistic effects, and his refusal to give up the notion of an ‘ether’ or absolute space, appear justified by this model.


�This is familiar in continuum mechanics as the distinction between Eulerian versus Lagrangian coordinates.


� See Lord, 1976, for a concise introduction. 


� E.g. Dirac, 1930, Ch. 10.


� Original theorems are due to Whitney (1936); see Torretti 1983 for summary and further references and Kobayashi, S. and K. Nomizu 1963 or Spivak 1979 for more details. 


� These calculations need to be checked, and the error of about 3 seconds arises because the effect is quite sensitive to the initial speed of the spacecraft after they last fired their rockets, of which I am not exactly sure.


� See Dyson 1977 and Petley 1985 for summaries, and Dirac 1969 for a seminar discussion including interesting comments by Wheeler and others. Dicke 1961 appears to have been the first to advance the ‘anthropic explanation’. There has been much recent work done measuring whether various constants might be changing; but these studies are limited insofar as they are done without any specific theory of how the constants may be changing – because the interpretation of the evidence is dependant on theoretical assumptions. It only seems possible to conclusively dismiss specific alternative theories. Milne and Eddington also independently developed theories with changing constants; see Rindler 1977 for a nice summary of Milne’s theory, which is neo-classical, not relativistic, but still conceptually illuminating. Eddington’s theory is extensive and positively baroque, and I have not managed to penetrate its mysteries. 


� Various theories of evolving constants can be found on websites, generally by non-professional physicists. Some of these are serious and interesting; but I have not seen any that seem to me to have sufficient theoretical background to be convincing. In particular, they fail to recognize the issue of transformations found necessary here, and they fail to show fundamental symmetry properties such as time translation invariance. It is easy to invent ad hoc theories that appear superficially convincing, but are not really coherent when the symmetries are examined carefully. Another interesting point of view is found in Barnothy 1989, 1991, who propose a model for a stable universe, where the appearance of expansion is an illusion which depends on changing constants. This theory is hardly likely to be correct, but it shows clearly how the interpretation of observations depends on the background theory.  


� E.g. see Wignall 1992. 


� It is a very interesting question whether an absolute frame is also required on the GTR model. I think it is in some GTR models for closed universes. A number of writers  have raised this point; see a recent summary by Belot 2004.  


� I make no attempt to summarize the literature, but the classic papers by Bohm 1966 and Fine’s work are particularly worth reading. Redhead 1990 gives a good summary of the main current view. 


� E.g. Ghirardi et alia, 1980, Redhead 1990, give the basic reasons; but some debate has continued, and these proofs have been generalised to incorporate the quantisation of the measuring apparatus. Bussey 1984, 1987 raises an interesting problem. 


� See Sudbery, 1984, for a particularly interesting discussion. “The principles of quantum mechanics as they are usually explicitly formulated cannot be applied to observation directly, since they only cater for instantaneous measurement processes. To deal with continuous observation, it seems to be necessary to model it as a series of discreet measurements in the limit in which the time between successive measurements tends to nought.” p.513. Sudbery recognizes the key importance of time translation invariance when we carry out this limiting procedure. 


� E.g. Grunbaum 1963, Davies 1974, Sachs 1987, and Zeh 1989 all make the same conceptual error about the criterion for time reversal symmetry – and I would say they all base their analyses on inadequate positivist or instrumentalist definitions of the concepts. See Holster 2003a for a proof of the correct criterion and summary; Watanabe 1955, 1965, Healey 1981, Penrose 1989, Albert 2000, and Callender 2000, have insisted on similar problems with the orthodox account, although I do agree with these writers on some points. 


� Barnett, Pegg,  Jeffers, and co-workers have recently made important progress on the theory of quantum retrodiction. But it is not clear that their theory of quantum retrodiction explains the origin of  retrodictive probabilities in the deeper sense required to solve the cosmological origin of low entropy. 


� Unlike the ordinary theory of a closed GTR universe, which gives only one cycle of finite duration


� McCall 1966, 1976. 


� Reichenbach 1957 is a classic example of this assumption. 


� Most materialist arguments are insensitive to the difference between classical and quantum physics; so they would seem to show that a physical theory of mind could be constructed on the basis of classical physics just as well as on quantum physics; (e.g. functionalism); yet this seems very unlikely - surely the physics of mind will be essentially quantum mechanical, not simply classical. If so, the materialist arguments must be too general. 


� Philosophers have also put forward various logical and semantic and metaphysical ‘proofs’ to show that time flow is logically incoherent, or contradictory, or meaningless. I will examine these elsewhere since I think they are weak arguments against time flow. 


� It should be noted that although mainstream modern semantics has turned to intensional semantics, the need to apply this to the interpretation of fundamental physics has not been recognized. This issue is considered in Holster 2003b. A more basic and disturbing problem is the fact that many analyses put forward today are still blatantly positivist or instrumentalist, assuming discredited principles such as “what is real is what is measurable”, “the meaning of a theory is nothing but its empirical or testable predictions”, etc. 
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