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Abstract

Many ideas relating to gravity in the author’s previous work have led to predictions and anticipations whose significance is only now becoming apparent, for example the dark energy and the holographic principle. The fact that these predictions have proved startlingly successful, and in some cases directly related to calculations now considered ‘mainstream’, may give us confidence that further predictions (for example, neutrino masses) might be made, even though the context might at first sight appear to be speculative.

1 Introduction
The simple answer to the widely-discussed question of why the strength of the gravitational force is so much weaker than those of the electric, strong and weak interactions is that gravity is a nonlocal force, while the others are local. This has many significant consequences and some interesting numerical results. One is that the ‘cosmological constant’ calculated from quantum gravity is approximately 120 orders of magnitude too high;  is, in fact, an expression of continuous vacuum nonlocality, not discrete ‘quantum gravity’, and, if we accept the idea of a universe composed of something like 10120 ‘bits’ of information, then the discrepancy is as large as it could conceivably be in the physics of the universe. However, once we become accustomed to the idea of nonlocal gravity, this maximal discrepancy becomes an obvious consequence of relating the continuous whole (the universe, vacuum, nonlocal) to the smallest discrete unit or bit of discrete information (the fermionic state, local), a connection which the fundamental dualities at the basis of physics require us to make. The remarkable thing here is that acceptance of the idea leads by straightforward deductive reasoning to a prediction of dark energy well within the limits set by current experimental data, and had already done so by 1979,1-7 well before the experimental observations were made.8-9
A principle which has always been maintained in the work I have presented is that the static gravitational interaction, however it has been measured or observed, acts absolutely instantaneously. This is a necessary consequence of any realisation that mass-energy has a continuous nature, which is observed in many forms, for example, the Higgs field, the cosmic microwave background radiation, or the zero-point energy, and that this continuity is closely connected with the irreversibility of time, as manifested in the second law of thermodynamics. It is significant in this context that the discrete quantity that we call ‘rest mass’ is never actually observed in nature. That mass-energy is necessarily continuous is a consequence of the fundamental symmetry between space, time, mass and charge, which has been discussed in many previous works.1,2,6,10-13 Here, each set of two parameters share one property, with the other two sharing the ‘antiproperty’. Mass and time share the property of continuity or indivisibility, which can also be related to commutativity and nondimensionality. In the case of mass continuity also requires unipolarity; in the case of time it requires irreversibility. The symmetry appears to be absolute and fundamental – no exception has ever presented itself since it was first proposed. It is this symmetry and its special consequences that mass-energy is absolutely continuous and the gravitational interaction instantaneous that form the basis for all the work discussed in this paper.

2 Gravity and quantum mechanics

Gravity, in fact, has all the characteristics required for the agent that provides the instantaneous correlation process in quantum mechanics, and, in the relativistic nilpotent formalism, which appears to be the simplest and most powerful, the reason for this becomes apparent.6,14 At the same time, we begin to see how gravity makes nature act according to the holographic principle, which was also anticipated in this work. In the nilpotent formalism, we define a fermionic operator of the form (( ikE   ( ip + jm), where i, j, k are unit quaternions, the momentum operator p is a multivariate (or quaternion-like) vector, and the four ( options represent an abbreviated way of describing a 4-part row or column vector or spinor. The energy and momentum operators E and p need not represent just i( / (t and –i(, but can also incorporate field terms or covariant derivatives. Once specified, the operator defines the entire quantum system, as it automatically and uniquely generates a phase factor on which it acts to create a nilpotent amplitude, whose argument can also be written in the form (( ikE ( ip + jm), with E and p now representing eigenvalues, which then squares to zero. In principle, this incorporates QED and other quantum field theories, as the E and p terms can be redefined at every stage in the interaction process, so yielding, for example, Lamb-shifted versions of these operators.6,14
In addition, the mathematical structure of the operator also includes (ultimately through the mathematical distinctness of the three terms ( ikE, ( ip, and + jm) the characteristic weak, strong and electric interactions, with their respective SU(2), SU(3) and U(1) symmetries. The respective sources of these interactions are seen to be charges, specified by the respective quaternion units k, i and j, and the three idempotent expressions k(( ikE ( ip + jm), i(( ikE ( ip + jm), and j(( ikE ( ip + jm) are identified as weak, strong and electric vacuum operators which effectively partition the continuous vacuum, equivalent to the ‘rest of the universe’ as seen by the fermion, into discrete components which respond to the three discrete charges. (They can also be seen to be the carriers of the three conserved components of angular momentum – handedness, direction and pure magnitude – with the entire nilpotent structure representing an angular momentum operator.6,12) In addition, when we examine the (( ikE ( ip + jm) as a 4-part structure, we see that, while the lead term represents the fermion itself, the other three terms represent ‘reflections’ of the lead term in each of these three vacua, which physically manifest themselves as respective T, P and C transformations of the original fermionic state.

Now, the whole point of nilpotency is that it is in an indication of the fact that nature is structured on a zero totality. The creation of a fermion of the form (( ikE     ( ip + jm) requires the simultaneous creation of the ‘rest of the universe’ as a total (continuous) ‘vacuum’ specified by –(( ikE ( ip + jm). The Pauli exclusion principle is then a consequence of the fact that the combination state of fermion and vacuum is zero, as well as the superposition, because nilpotency determines that

                            –(( ikE ( ip + jm) (( ikE ( ip + jm) = 0.

Each fermion state is then defined as unique because its total (continuous) vacuum state is unique, and each fermion can adopt a unique energy-momentum state with respect to all others because the continuous vacuum states are automatically and instantaneously correlated, as the vacua, unlike the fermions, are universal and nonlocal. The instantaneous correlation process is what we call ‘gravity’, and the unit associated with it and its source, mass(-energy), is the real number 1 (or –1), thus completing the quaternion system with the three imaginary units associated with charge, k, i and j. The vacuum associated with gravity is specified by the nilpotent operator –(( ikE ( ip + jm), meaning that gravitational energy is negative, and that the universal gravitational interaction is the only one which can maintain zero totality by allowing the complete annihilation of the fermion with its vacuum. The nilpotency, with (± ikE ± ip + jm) (± ikE ± ip + jm) = 0, also automatically defines a boundary between the fermion and the gravitational vacuum, separating locality (inside the bracket) with nonlocality (outside it). The fundamental dualities responsible for the zero totality condition ensure that a physical state cannot be defined without a simultaneous definition of everything that negates it.
For reasons that will become clear later, we can specify for a discrete fermion a fictitious inertial vacuum of the form (( ikE ( ip + jm), which is a kind of totality of the three discrete vacua, but which is actually equivalent to the fermion itself. The nilpotent structure shows that continuous gravity is necessary to quantum theory, just as much as Heisenberg uncertainty (which itself ensures that we cannot avoid a continuous zero-point vacuum), not that it is contradicted by it. ‘Quantum gravity’ is a meaningless idea, though we can of course quantize gravitational inertia, which is a description of the quantized fermionic state itself.6
In addition to all its other advantages, the nilpotent formulation of the fermionic state immediately incorporates both quantum holography and the holographic principle. In the case of quantum holography, the nilpotent (( ikE ( ip + jm) can be thought of as a quantum hologram in which the phase is encoded in the first term, the amplitude in the second, and the reference phase in the third. Significantly, the nilpotency effectively makes one of the terms redundant, and so we can, for example, reconstruct the information using only phase and reference phase, or E and m. In the case of the holographic principle, where the entire information about a system is encoded in a bounding area (either as distance ( distance or distance ( time), we see that the terms E and p, in effect, represent the equivalent of a time and a single dimension in space (the spatial direction being fixed with the spin and orthogonal to the time), and so code the entire information about the fermionic system in the equivalent of a bounding area. The phase and amplitude can be represented either by two coordinates of space, or one coordinate of space and one of time constructing a ‘world sheet’, since a fundamental duality allows switching between the representations.6,15-17 (It is significant, here, that, using anticommutative differentiation, the nilpotent operator itself can be reduced to just E and p terms.6) In both quantum holography and the holographic principle, it is nilpotency, and hence gravity, which determines the holographic nature.18
The nilpotent structure also corresponds to a version of the first and second laws of thermodynamics, which, in effect, define the local and nonlocal properties of (( ikE  ( ip + jm). The first law says that we cannot define a fermionic system unless (( ikE ( ip + jm) squares to zero, and so conserves energy. The second law says that we can only define the conservation over the entire universe, and that this conservation is unique for each nilpotent state. If the nilpotent states are unique in time as well as space – within the relativistic covariance and causality required by the operator – then a condition for irreversibility is defined.

3 Gravity and rotation

A continuous mass-energy distribution in the universe would seem to present us with a problem, because it would appear to require a continuous, and therefore instantaneous, nonlocal type of interaction between elements of energy, rather than a time-delayed local one involving the constant known as velocity of light (c). The problem is not conceptual, as the equations for the static gravitational interaction have no time or c-related component, and the U(1) symmetry appropriate to the interaction is insensitive to the velocity of transmission. It is, rather, observational, because it is impossible to imagine anything other than discrete observations between discrete objects using discrete interactions. Of course, we never actually observe gravity itself, only the inertial reaction to it, and this, as we have seen, can be imagined in discrete terms. The problem is that, if we imagine gravity as acting irrespective of our observations, we have no space-time structure from observational physics which we can automatically use to describe it.

The Lorentzian space-time structure that we require for all observational physics cannot be used to represent an instantaneous interaction. However, we do observe systems in which gravity is supposed to be operating. There is, therefore, an incompatibility between the space-time structure of our observations and the space-time structure we require to set up our gravitational equations. This is not an uncommon occurrence in physics and there is a well-known solution. Newtonian mechanics, for example, is valid only for inertial frames of reference, but there is no such thing as a truly inertial frame. To accommodate this, we imagine the frame is inertial, and then say that there will be ‘fictitious’ effects that result from our incorrect assumption, and that these effects are due to the manifestation of fictitious ‘inertial forces’. The rotating Earth is a classic case. Here, we assume that the fictitious effects take the form of two inertial forces: a centrifugal force (mv2 / r) and a Coriolis force (2m ( v).

Exactly the same thing will happen if we apply a Lorentzian space-time to a system subject to nonlocal gravitation. From a Newtonian point of view, the Lorentzian space-time frame will be non-inertial, and Newton’s laws will not apply.  Any local coordinate system will have a local rotation from the non-local Euclidean one, exactly as is observed when a light ray passes through a strong gravitational field. The geodesics of such a system will be exactly those of such light rays, and will define the coordinate rotation. The effect is what we might describe as an ‘aberration of space’ or an ‘aberration of space-time’. To express it another way, we could say that the inertial force effect is defined as exactly that which we would expect to obtain from a relativistic calculation. It is then an extremely simple calculation to add a Newtonian potential –GM / r to a light-ray geodesic defined in the absence of a gravitational field to find the degree of rotation of the coordinate system, and hence the inertial force effect to be added to find the new geodesic equation expected under these conditions. The extra terms will now be interpreted as an inertial rotation of the coordinate system, and will appear to be the action of centrifugal and Coriolis forces.1-7
The local coordinate rotation, of course, comes from a combination of two sources. One is the connection thus created between the space and time coordinates, which does not exist locally, but is needed for local measurement. In effect, we introduce the ‘speed of light’. The other is the direct gravitational effect of any source of mass-energy on this speed. Generalising the approach, we might expect an inertial rotation of the Lorentzian space-time of measurement to result in the degree of curvature that we would obtain from the field equations of general relativity, although, since these equations were originally arrived at through mathematical convenience rather than any physical imperative, it is possible that some more general expressions directly involving the predicted coordinate rotation might ultimately be required for a purely geometrical approach. (This does not, of course, in any way imply that the geometrical approach itself is strictly necessary.)
The analysis here leads to several important conclusions: (1) the relativistic effects connected with gravity may be considered extrinsic effects of measurement (epistemological) rather than intrinsic (ontological); (2) as the effects are extrinsic, the gravitational field will remain linear, and so will not be subject to nonrenormalizable infinities; (3) quantization will be equally extrinsic (fictitious inertial repulsion, rather than real gravitational attraction) and will therefore involve exchange particles of spin 1, rather than spin 2; (4) the relativistic effects will lead to an extrinsic gravomagnetism, with Maxwell-type equations, in which rotation will take the place of the magnetic field; (5) rotation (involving a conserved angular momentum) will be a natural consequence of the observation of gravitating systems, and in fact all gravitating systems have significant intrinsic rotations, which are so far largely unexplained; (6) the fictitious inertial forces, both centrifugal and Coriolis, may be expected to have directly observable effects in the observation of gravitating systems. The automatic creation of rotation with gravitation has an additional significance in quantum mechanics, where the entire information about the nature of a fermionic system, which manifests itself as an angular momentum (nilpotent) operator, is transmitted instantaneously via the gravitational force, providing a direct mechanism for the operation of the holographic principle. In this case the ‘area’ r1 ( r2 becomes the equivalent angular momentum term r1 ( p2 (suggesting an interesting link with the idea of phase space as the definition of a physical system).
4 Gravomagnetism
For many purposes it is possible to derive results equivalent to those of general relativity or other general covariant theories using only special relativity or its equivalent plus the Newtonian potential. In fact, no experimental result so far observed or predicted as observable uses anything other than the Lorentzian 4-vector structure of space-time together with Newtonian gravity. Now, as we have seen, it is possible to identify two separate consequences of the ‘aberration of space-time’ produced by observing instantaneous gravity with a Lorentzian space-time structure. One is that we produce the equivalent of a fictitious space-time connection for gravity, even though no such space-time connection exists; and the other is that this space-time connection, being energy-dependent, is itself acted on by gravitational fields. The two effects, of course, occur together and are equivalent to the conventional time dilation and space contraction. The result is that the standard results of ‘general relativity’ – redshift, light deflection, time delay and perihelion precession – are recovered easily using only classical theory plus the inertial force connection, or, equivalently, ‘special relativity’ plus the classical Newtonian potential.6,19-23
In addition, many of the more esoteric effects attributed to general relativity, such as frame dragging, the Lense-Thirring effect, and ‘gravitational waves’, are derivable from nothing more exotic than a set of gravomagnetic equations entirely analogous to those of Maxwell in electromagnetic theory, and these equations can be derived in the same way. Kolbenstvedt, for example, has derived the equations for the gravomagnetic field from special relativity and the Newtonian potential, using a kinematical argument, though he allows only the effect of time dilation as special relativistic because it requires only the principle of equivalence and the Doppler effect.24 He considers that the contraction of measuring rods requires general relativity or the ‘curvature of space’. However, the length-contraction, or some other doubling effect, is a necessary component of a full special relativistic or even classical treatment, if this includes the inertial forces. The ‘curvature of space’ is not really an additional effect to be added, merely an alternative way of viewing the aberration of space-time due to inertial forces.
If we make this modification, and follow Kolbentsvedt’s procedure, we can consider an object of mass M, moving with velocity u in the positive x-direction in the frame of the laboratory, and a particle of mass m moving with velocity v under its gravitational influence. In the rest frame of mass M, the Lagrangian L0 of the mass m particle can be found from the variational principle:
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where                                          ds02 = –2dt02 – 2dr02
is the line element in the rest frame, and
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Integrating for the rest frame gives
L0dt0 = – m (–2c2dt02 – 2dr02)1/2.

Then, transforming to the laboratory frame, and neglecting higher order terms, we obtain

Ldt = – m [(c2 + 2) (dt – udx)2 – (1 – 2) (dx – udt)2 – dy2 – dz2]1/2.

Neglecting the higher order terms, as before, and dividing by dt, we obtain the Lagrangian
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When u « v « c, and the rest energy term mc2 and higher order corrections are neglected, this gives a series expansion which approximates to
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This expression has a clear analogy with the standard Lagrangian for a particle of mass m and charge q moving with speed v « c in an electromagnetic field determined by scalar potential  and vector potential A:
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Here, however, 4u / c becomes the gravitational equivalent of the electromagnetic vector potential A.

Extending the argument, we can define the rotation term c, or ‘gravomagnetic’ field, as an analogue of the magnetic field term B =   A:
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which leads to a series of equations of the Maxwell type:
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In these equations, Gv replaces the electromagnetic current density j; and 4G replaces / o. The exact analogy with electromagnetism means also that, in empty space, g and c will satisfy the equations for   g and   c:


      g = 0

and                                                        c = 0.
The analogous mass-density terms can be added where sources are present.
Further results may be derived from this analogy, including gravomagnetic versions of the Poynting vector, Lorenz force, Larmor precession, energy density of fields, and quadrupole radiation. In all cases, these are fictitious effects, produced by time-dependent inertial forces, rather than instantaneous gravitational ones, and so the ‘waves’ produced by quadrupole radiation should be seen as fictitious inertial rather than real gravitational.6 A further fact of great significance in the analysis is that rotation terms are intrinsic components of gravitating systems, as is observed in practice, at all scales, from fundamental particles to galactic clusters. It then becomes a matter of calculation to determine the extent to which the quantitative values produced by the specific centrifugal and Coriolis forces correspond to the observed rotational effects in individual gravitating systems.
5 Mach’s principle

The true connection between gravity and inertia is one of the most profound questions in physics. Many people have thought that there might be a solution if we could establish the validity of Mach’s principle, in which the inertia of a body is determined in some way by an interaction of the rest of the matter in the universe, and the holistic nature of the gravitational interaction suggested by the nilpotent formulation of quantum mechanics seems to indicate that the concept has some fundamental validity. It is likely to be relevant that the nilpotent formalism is valid only over the entire quantum field, and that this relates to the fixing of the rest masses of particles, as well as charges, in renormalization.

Mach’s principle was one of the initial inspirations for Einstein’s general relativity, but was never fully integrated into the theory. However, Sciama, in 1953,25,26 considered the possibility that the principle could be incorporated into physics if there was a gravitational analogue of the acceleration-dependent inductive force of electromagnetic theory, which is responsible for radiation or photon emission. This force would be given by the equation
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by analogy with the electromagnetic expression
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From our point of view, this will only be possible if the inductive force is a fictitious one. In this case, the inertial properties of a body, defined by Newton’s second law of motion, and relating gravitational to inertial mass, will be such as would appear to be generated by the inductive inertial field due to an apparent acceleration of the background matter, with the apparent acceleration being the result of the original choice of a noninertial frame.

Now, if we are to attribute the inertia of a body of mass m to the (fictitious) action of the remaining matter within its event horizon (mass mu, radius ru), we will require the total sum of all such force terms to be identical with the Newtonian inertial force, mdv / dt, or at least proportional to it. Thus
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This will require the components of force on m normal to the direction of acceleration to average to zero, and will also impose a high degree of uniformity (in terms of isotropy if not homogeneity) in the distribution of matter in the universe as a whole. In fact, we will need to make K = ½, in F = Kma, because the kinetic nature of the process will mean that Gmu = ½c2ru. So, to compare a with an acceleration measured by Newton’s laws, we need to divide by a factor 2. We will see later that, on a universal scale, the presence of the real attractive force of gravitation reduces a by another factor 2. From another perspective, we can say that the inductive / gravomagnetic force is increased by a factor 4 by the ‘general relativistic’ combination of length contraction and time dilation acting on the gravitational-inertial vector potential.

There is, however, another way of defining inertial force within the Machian paradigm, based on the requirement for a continuous and zero-gradient Higgs field providing a method for defining unit inertial mass nonlocally for the entire universe. A mass mu can be imagined as defining a radial inertial field of constant magnitude, which acts from the centre of a local coordinate system in such a way that it defines a unit inertial mass for any point in the system, rather like the way we define a unit of mass using the near-constant g at the Earth’s surface. A simultaneous use of the principle of equivalence (which ensures comparison with the electromagnetic case), produces a ‘static’ component of this force of the same magnitude as the static gravitational field (Gmu / ru2) which defines the unit of gravitational mass within the same event horizon, but which is independent of the imposition of any local coordinate system. (The inertial effect thus appears to act as though it confines the nonlocal gravitational field to the event horizon, though, ontologically, it does not.)
Combining these conditions, we find that an object of mass m at a distance r from an observer at the centre of a sphere defined by ru will be observed to experience an inertial force
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with acceleration                                
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Writing this in the form                       
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and integrating with respect to r, we obtain
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which is recognizable as the standard formula for cosmological redshift v = H0r, with the additional acceleration relation,
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Starlight is, in effect, redshifted with sources observed as accelerating away from the observer, the so-called ‘dark energy’.

The acceleration term, which emerges without any additional physical principle or adjustable parameter, has the same Machian origin as the supposed expansion itself, and very much the same relationship between v and r would emerge from a consideration of the inertial force as a 4-vector correction (Gmmuv / r2c2) to the static gravitational attraction between m and mu, which would be the same as applying the 4-vector correction factor (1 – v2 / c2)–1/2 to each of the masses.

In this perspective, the ‘Hubble radius’ (ru) defines an event horizon for the inertial reaction of the matter surrounding each individual mass; the inductive inertial field acts from all directions as though the mass were placed at the edge of a sphere of this radius. An observer situated at any point in space will necessarily define a Hubble radius for the inertial force in each direction, and a body placed at that point will be subjected to a resultant inertial force from the total mass within the radius.

For a universe dominated by relativistic matter, or photon radiation, u will be replaced by the relativistic u + 3P / c2, with P = uc2 / 3 representing the pressure of radiation in any direction, and the inertial force will be twice the nonrelativistic value. In addition, assuming a uniform mass density, and taking v as dr / dt in
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and substituting 8Guru3 / 3 for c2ru, we obtain (for the relativistic case) the expression
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from which                                   
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This is formally similar to the equation for the ‘expanding universe’, with the terms for ‘curvature’ and ‘cosmic repulsion’ automatically equated to zero.

We can calculate the vacuum density directly by combining the inertial acceleration with the gravitational term due to total mass m at any distance r, to give:
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The equivalent Poisson-Laplace equation becomes:
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From this, we derive a vacuum density vac, equivalent to ‘dark energy’ density or negative pressure –P, and cosmological constant  = 8Gvac:
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Hence, with the critical density for a ‘flat’ universe defined as
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we find that                                                
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Vacuum would appear to provide 2/3 of the mass required to keep the density of the universe at the critical value. This value for the so-called ‘dark energy’ contribution is well within the current observational limits, the values of most cosmological parameters being subject to considerable (and largely undertermined) systematic, as well as statistical, errors. The deceleration parameter, defined in terms of a scale factor R, and incorporating the gravitational acceleration term, will be
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if  =  / crit = 1, as expected. The ‘dark energy’ of the universe could thus be the signature of a nonlocal form of gravity, which determines the nature of the Higgs field.
It should be stressed that the theory outlined here is purely physical; it does not rely on any cosmological model to obtain its main results. It is then a matter of interpretation whether any particular cosmological model can be derived from it, i.e. does the derivation of the Hubble redsfhift law and the so-called ‘dark energy’ require a universe in a state of real accelerating expansion or should we take the results as indicating a ‘virtual’ expansion produced by a fictitious force, whose main observational outcome is the loss of energy from distant light sources? In my view, the outcome of this debate depends on the investigation of matters outside the theory presented here. It should be realised, however, that the theory has always predicted that the universe must be infinite, critically dense and flat. These have been fundamental components of the ideas on which it is based from the beginning. Though they are not unique predictions of the theory, like the dark energy, they are nevertheless predictions, and were made and maintained when mainstream cosmology took the opposite line in all cases. They have now, of course, been vindicated by experimental data.

6 Coriolis force

If the arguments presented here are valid, then we should expect that unexplained behaviour in gravitating systems might be compatible with the prediction of Coriolis, as well as centrifugal, force effects. In relation to the gravitating systems, we can say that the argument for a Machian origin for inertia leads to

         Gmu = ½ c2ru,


 

 (1)

and a universal inertial field equal in magnitude to Gmu / ru2, which defines the unit of inertial mass. Here, ru is the Hubble mass and mu the Hubble radius. The acceleration c2r / ru2 is ‘a fictitious (centrifugal) one, observable through [rotational] effects on the coordinate system, resulting from the noninertial frame introduced by assuming that the instantaneous gravity resulting from a filled vacuum can be modelled on equations written in a Lorentzian space-time’.7 This measure of inertia (like centrifugal accelerations of any origin) is valid for all physical objects, whether static or moving. However, for objects that are themselves in motion, there is an additional fictitious (Coriolis) acceleration brought about by rotation of the coordinate system, which is perpendicular to both the real velocity of the object and the axis of rotation of the coordinate system. This effect is, in magnitude, twice that of the centrifugal acceleration, because it incorporates equal components from the change of velocity in space and the change of velocity in time (a classic case of the universal significance of the factor 2 in physics6,15-17). So the universal or nonlocal inertial Coriolis effect for a rotating or gravitational orbiting system, such as a galaxy, might be considered to be equal in magnitude to 2 ( ½ c2ru / ru2 = c2 / ru.
Just as the universal centrifugal effect is only observable through the increasing mass and inductive gravomagnetic force incorporated within an increasing radius, so the universal Coriolis effect will only be detectable by an observer detecting relative motion with respect to the universal background. Though it is quite possible that the Pioneer anomaly has some much less exotic explanation,27 it is intriguing that the passages of the spacecraft Pioneer 10 and 11 out of the solar system appear to be being retarded by an inward acceleration towards the Sun of approximately (8.74 ± 1.33) ( 10−10 ms−2, which is close to H0c = c2 / ru; there is also a supposed ‘flyby anomaly’, or small unexplained increase in speed of satellites passing close to the Earth.28,29 In addition, the flattening of the rotation (v–r) curves of galaxies, which has generally been interpreted as an indication of the presence of halos of an unknown kind of ‘dark matter’ beyond the visible edges, seems to occur at the point where v2 / r = c2 / ru, as if the Coriolis acceleration of the coordinate system provided an inertial upper limit to the galactic size. In this case, the Coriolis effect would be the ultimate source of the galactic rotation. It is notable that neither galactic rotation nor the motions of the Pioneer spacecraft and satellites are thought to be significantly affected by the ‘expansion of the universe’, yet each seemingly involves the Hubble constant.
7 A numerical coincidence?
The results so far follow the initial conclusion from symmetry arguments and the nilpotent formalism of quantum mechanics that the gravitational field is nonlocal and the interaction instantaneous. In this sense, they are not speculative, and the resulting prediction of the ‘dark energy’ acceleration is a strong indication of their essential validity. With a slightly higher degree of speculation, a whole range of new results (some predictive) becomes available which may be tested against experiment. The first result is purely numerical, and could be said to be speculative only in the interpretation.

A continuous vacuum can be thought of as being full of virtual particles, or, more specifically, virtual fermion-antifermion pairs. From our more fundamental point of view, we can consider it as full of charges, of all types, of opposite sign. The three types of charge act independently, so we can consider them separately, and begin with the electric charge, since the electric force has the simplest structure and is also the only other force besides gravity to be long range in its effect. To consider units of electric charge, in their simplest realization, it is convenient to think of the vacuum as being approximated by an infinite number of virtual electron-positron pairs.

QED and the renormalization procedure indicate that there is a fundamental relation between the vacuum and the observed values of electron mass and charge. The electron seems to be the only particle whose mass is entirely, or almost entirely, electromagnetic in origin. It differs from the weak-interacting neutrino only by possessing a non-zero value of this charge, and the Higgs vacuum mechanism indicates that this is the origin of the mass. The higher-mass leptons, such as muons or tau particles, and the charged baryons have masses which involve additional weak symmetry-breaking or the colour force of the strong interaction.

Dimensional analysis shows that the relation between electron mass and the fundamental unit of charge requires a length scale. As far as experiments are able to tell, the electron is point-like. The so-called ‘classical radius’ which relates the values of electron mass and electric charge:
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is simply a relation between fundamental units. However, if we were to imagine a virtual charge e as being uniformly distributed over some radius, to reflect the nature of vacuum, then we will obtain the relation originally found by Heaviside:
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Equivalently, we could say that a uniform spherical distribution of charge e would produce a mass equivalent me over the radius:
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which is 1.5  the classical’ radius.
Though this so-called radius clearly does not indicate anything about the size of real electrons, it does seem to suggest that there may be a fundamental relationship between the value of electric charge and the equivalent inertial mass generated by a vacuum process, with the vacuum having the potential to create the mass me in association with the charge value e if the radius re plays some significant part in the process (e.g. via the holographic principle). However, if we are concerned with a continuous vacuum process, rather than one associated with point-like real particles, we may expect that the ‘radius’ will have significance in terms of a quantity such as charge or energy density. Now, according to the theory of inertia outlined in section 5, the generation of inertial mass is necessarily connected with the simultaneous creation of gravitational properties. Thus, the gravitational energy density associated with these values of re, me and e may well be a significant quantity in specifying the vacuum state required. This is easily calculated as:
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So far, this has been a purely numerical calculation, but it acquires a potentially physical significance when we realize that this is exactly the energy density that would be produced by a uniform distribution of black body radiation at a temperature of 2.72 K, and determined by aT4, where a = 2k4 / 15c3
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= 7.56  10–16 Jm–3K–4. There are two possible explanations: (1) the result could be simply a remarkable coincidence; or (2) it could mean that the microwave background radiation, which, by being isotropic, appears to provide the universal rest frame desired from the vacuum by the physicists of the nineteenth century, is really a fundamental vacuum property.15 If it is truly fundamental, then the calculation also has the status of a prediction, as it was first published in 199030, when the value of T was not so well-determined. In addition, we might be able to use the same prediction to derive results for particles whose masses are determined principally by weak or strong, rather than electric interactions. We should also expect to find a relation between the Machian calculation of inertia in section 5 and the cosmic microwave background radiation.
8 Cosmic microwave background radiation

There is at least one good reason why we should expect to see a connection between Machian inertia and the cosmic microwave background radiation. This is that the whole inertia calculation stems from the idea that the ‘relativistic’ aspects associated with gravity in some sense represent a loss of information due to the use of an inappropriate space-time structure for the observation of this force. In effect, gravity is incapable of the direct observation that we use for the other forces, and some information will always be lost in the observing process. This would conveniently connect with the microwave background radiation having a black body spectrum, and hence no discernible characteristics other than temperature. In addition, there is a possible mechanism for generating the radiation, via the acceleration now supposed to be responsible for the ‘dark energy’.

The calculation, of course, is a vacuum one, not one connected with real objects – the loss of information comes from the ‘aberration’ of the coordinate system, not the objects within it. Let us then suppose a vacuum filled with a uniform distribution of virtual particles of charge with numerical value e, but also requiring the equation of gravitational and inertial forces (as in section 5). Let us additionally suppose that the inertial effects are the result of the creation in the vacuum of a noninertial frame of measurement, which occupies the whole of space, with what we will describe as ‘component volumes’ of radius re, irrespective of whether it contains real particles. As we have seen, the noninertial frame will produce an inertial or fictitious acceleration, and the accelerating virtual charges will radiate, according to the Larmor formula, at a rate
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As explained in section 5, a will be reduced from c2r / ru, by the ‘general relativistic’ factor 4 when we include length contraction and time dilation, or by the factor K = ½, from the inertial calculation combined with an equal reduction due to the gravitational attraction:
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On substituting r = ct, we obtain
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Then, integrating between limits 0 and E, and 0 and t,
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This calculation is for one component volume at distance r. For ne component volumes at uniform number density , consider an element of volume dV:

dV = 4r2dr
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But, for a universe filled with virtual particles, the density of volumes of radius re becomes
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where the number of volumes,
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and so
[image: image44.wmf]3

4

3

e

r

p

r

=

.

Hence                                        
[image: image45.wmf]dr

e

r

r

r

dV

E

e

u

0

2

3

4

5

4

24

1

pe

r

=

.

Integrating to find the energy radiated over the total volume 4ru3/3:
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The corresponding energy density is given by
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Now, if we assume that this energy density is the same as that of the microwave background radiation, we obtain a first-order calculation of ru. That is
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At T = 2.72 K, this would give a value for the ‘Hubble radius’:

ru = 1.22  1026 m,

and a Hubble time (ru / c) of 4.07  1027 s = 1.29  1010 yr, which is of the same order as the current best observational estimate of 1.37  1010 yr.

9 Other cosmological calculations
If we require, at all times, for Mach’s principle, a density u close to the ‘critical’ value, such that
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as both classical theory and general relativity require, and
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we obtain a mass within the radius ru of

mu = 8.23  1052 kg

and, to a first order approximation, a mass density
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This value for u would make the vacuum density = 7.53  10–27 kgm–3, and the cosmological constant  = 8Gvac = 1.207  10–36 s–2 = 5.8  10–124 8GPlanck. A mass density of 1.08  10–26 kgm–3 is equivalent to a baryonic density of 6.47 m–3. Observation suggests that only about 4 % of mu is of this nature; and, taking this figure, we obtain a nucleon density of approximately 0.26 m–3.

It may be possible to calculate the percentage of baryonic matter directly, if we suppose that the vacuum process which creates the inertial masses associated with the electrical charges of the real particles in the universe is equatable, at least in approximate energy density terms, to aT4. That is, if Ne is the particle density of the real masses produced by the electrical vacuum process, then
                                                   Nemec2  ~ aT4.

This leads to a value of 0.504 m–3 for the density of particles with charge e. If half of these are electrons and half protons, then the proton density is of order 0.252  100 / 6.47 = 3.9 % of mu. It may be that, given a fixed value for the baryonic matter, and another for the ‘dark energy’, the baryonic matter is arranged so as to acquire a rotational energy equivalent to the so-called ‘dark matter’ contribution, so maintaining the density of the universe at the critical value.

If the proton and electron numbers are genuinely equal, as all observations seem to indicate, and as charge conservation would seem to require, then we may take the vacuum energy randomly available to any individual proton (which, in thermal units, can be described as kTp) to be of order mec2. With the difference in neutron and proton and proton plus electron masses experimentally, and also perhaps theoretically, determined at ~ 2.5 mec2 and 1.5 mec2 (see section 11), the statistical Boltzmann factor exp (–2.5 mec2 / mec2) or exp (–1.5 mec2 / mec2) fixes the neutron / proton ratio at between 8 and 22 %, without recourse to any cosmological model. Also, if N is taken as the density of photons of approximate energy kT, then equating Nemec2 and NkT fixes the photon / fermion ratio at ~ 2 × 109.

Identifying the ‘creation’ of electron mass as a vacuum process further implies that we can define the rate at which the energy mec2 becomes available to a proton, to convert it to a neutron with a probability exp (–2.5), as being equivalent to the rate at which the same amount of vacuum energy is converted into thermal energy (in the form kTp) via redshift, ~ (8GaTp4 / 3c2)1/2, and then relate this to the reaction rate for the weak process of proton-to-neutron conversion ~ (GF2me5c2 / mp4
[image: image55.wmf]h

), given the same availability of vacuum energy. Though the expressions for the process rates are not exact, the calculation suggests an order of magnitude value for the Fermi constant which is in agreement with experimental values (GF ~ 10–5 units of mass2). This Fermi constant is, of course, solely determined by the weak coupling and the mass of the weak interacting boson (GF = g2 EQ \R(,2) / 8MW2 = 2 /  EQ \R(,2)MW2), and MW is in turn fixed by the vacuum expectation energy of the Higgs field – the filled vacuum which provides the instantaneous gravitational action assumed in this analysis. It would appear, then, that the classical inertial calculation put forward in the present account has the same fundamental meaning as the calculation of the inertial masses of particles through the Higgs mechanism in the Standard Model.
10 The large numbers

Eddington, Dirac and others31-34 have pointed to the fact that various dimensionless numbers used to relate orders of magnitude on cosmic and particle scales are of order 1040, 1080, or 10120. It is possible that these apparent ‘coincidences’ arise from the kind of calculations discussed in the foregoing sections.  Thus, using
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we obtain the relation                            
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 (2)

Here, numbers of the order of 1080 are derived ultimately from the ratio mu / 108 me ~ mu / mp, while numbers of order 1040 are derived from ru / re, which equals (mu /      108 me)1/2.

The large-scale structures in the universe (planets, stars and galaxies) have been examined by a number of authors in terms of the fundamental forces involved (gravity, electromagnetism and the weak interaction), and it would seem from these analyses that the strengths of the forces, measured by their fine structure constants (G = Gmp2 / 
[image: image60.wmf]h

c, for gravity,  = e2 / 40
[image: image61.wmf]h

c, for electromagnetism), determines their optimum masses, radii and lifetimes.35,36 Many of these calculations seem to involve the large number ratios.

 Planetary radii, for example, are typically of order ( / G)1/2ao / A, where ao is the Bohr radius and A the mass number of the molecular material involved, while stellar radii begin at ( / G)1/2ao, with masses in a narrow range around G–3/2mp. The lifetimes are, significantly, determined by the product of G–1/2 and the Compton time for the proton, h / mpc2; the ‘large-number coincidences’ (i.e. the gravitational / inertial connection) then makes these of the same order as the Hubble time. Conventional cosmology assumes that this is because they have evolved over the same ‘lifetime’ as the universe itself. The calculations, however, only show that fundamental gravitational / inertial processes are characterized by numbers involving the Hubble scale. The arguments involved in the calculations are purely physical, and are not dependent on an evolutionary cosmology.

Though the evolution of galaxies is not as well understood as that of stars and planets, it is possible to specify a critical (maximum) radius for their formation, R = 4G–3(mp / me)1/2ao, and a maximum galactic mass, M = 5G–2(mp / me)1/2mp. The lifetimes of galaxies are still an unknown quantity, but a gas cloud of galactic proportions would require a time of (GM / R3)–1/2 to collapse under Newtonian gravity; again, we observe a time scale within an order of magnitude or so of the Hubble time. It is clear that the Hubble scale is intrinsic to the physics of the observable universe, irrespective of the cosmological argument used to explain this. The same appears to be true of the microwave background radiation. For example, the energy density of starlight in the Milky Way is approximately the same as the energy density of the microwave background, and was used by Eddington,37 well before the discovery of the latter, to fix the temperature of the ‘universe’ at approximately 3 K. The same applies to other indicators, such as the galactic magnetic field and cosmic rays. It is likely that we will find such ‘coincidences’ in all systems where gravity plays a major role, reflecting in this way the intimate connection between the gravitational interaction and the vacuum ‘creation’ of inertial mass, and the scale-independence of the process.
The calculations we have performed are largely order of magnitude, and take no account of the distribution of real matter in the universe, but they seem to give an indication that a real, and quantitative, connection between the cosmic microwave background radiation and the cosmological redshift must exist in a purely physical perspective, independent of any cosmological model, and that both radiation and redshift are, in some senses, aspects of the same physical phenomenon – a fact which purely cosmological models have never really established. There seems to be every reason to suggest that the inertial and gravitational energies associated with generating the mass me from vacuum could be equal to that associated with a microwave background at T = 2.72 K, and that the inertial process could be responsible for generating the background energy.

11 Application to strong and weak interactions

The electric force is, of course, only one of three discrete interactions which act independently within the vacuum. So, what applies to this force ought also to apply in some sense to the strong and weak interactions. We may, therefore, be led to suppose that the cosmic background radiation will generate particles with the appropriate minimal masses for the strong and weak, as well as electric charges. For the electric force we have relations which are most conveniently expressed in the form
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and
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where  = 1 / 137 is the electric fine structure constant.

We now need to ask what happens if we replace e2 / 40 or 
[image: image64.wmf]h

c in equations (3) and (4) by the equivalent strong charge coupling (in units of 
[image: image65.wmf]h

c), with the electric coupling at 1 / 137. If the fine structure constant for the coupling is ', corresponding to a mass m and length scale r, then equations (3) and (4) can be reduced to the comparative relations


   mr ( ' 


    m ( r2
from which, also,
   m3 ( '2.

The couplings, of course, are not constant, but are dependent on the value of the energy at which they are measured. From observational evidence and QCD, we may suppose that the strong coupling is 0.80 at 0.14 GeV (pion mass), 0.29 at 1 GeV (proton mass), and 0.118 at 91 GeV (mass of Z boson). For these three strong couplings, we obtain:


0.14 GeV
m = 22.9 me = 11.7 MeV
r = 2 ( 10–14 m 

1 GeV
m = 11.7 me = 5.96 MeV
r = 1.4 ( 10–14 m


91 GeV
m = 6.4 me = 3.3 MeV
r = 1.1 ( 10–14 m.

These masses are in the range of those projected for u and d quarks in baryons, or for a total of three of these, and the radii or, more generally, length scales, are those associated with nuclei held together by the strong interaction, though, as with re, the scales do not necessarily indicate physical size. (For comparison, we may note that the Compton wavelength for the nucleon (proton / neutron), the fundamental limit on measuring the particle’s position, is h / mnc ~ 1.3 ( 10–15 m, and the Compton wavelength for the pion, the carrier of the inter-nucleon strong force, is h / mc ~ 0.9 ( 10–14 m.) The variation in mass with coupling strength, which changes rapidly with energy scale for the strong interaction, is, of course, entirely expected, and it is interesting that the argument suggests values for quantities which are not at all explained by conventional theory, although lattice-gauge QCD has had some success in deriving the masses of the neutron and the proton, and other strongly-bound particles, given u and d masses of this order (see section 13).

If we now apply this to the Coulombic part of the combined electroweak interaction, in such cases as the beta decay of the neutron, where the weak coupling is about 4 times the electric, the mass becomes about 2.5 me, and the length scale about 6.7 ( 10–15 m. The mass scale, here, is equal to the mass difference between neutron and proton (~ 2.53 me) and the length scale is not too far from the order of nucleon / nuclear size. The effective strength and range of the pure weak coupling, however, is significantly reduced by the fact that it requires a massive intermediate boson (W or Z), and is determined by the Fermi constant, which incorporates the W or Z mass. The range (r) of the interaction can calculated from 
[image: image66.wmf]h

 / MZc2, which preserves the uncertainty relation between interaction energy / momentum and interaction time / range by defining the product as ½
[image: image67.wmf]h

, and which simultaneously defines fermionic spin and zitterbewegung as the origin of the Coulombic weak term (A / r = 
[image: image68.wmf]h

c / 2r) in the harmonic oscillator solution of the nilpotent Dirac equation.6,15
The range of a pure weak force of energy MZc2 can be calculated as of order 2.166 ( 10–18 m, which, using m ( r2, leads to a mass equivalent to 2.6 ( 10–18 me, or 0.13 eV. This mass is somewhere in the region of that thought to be relevant to the neutrinos, with the electron neutrino, which is involved in the beta decay of neutron to proton, having the minimal mass involved with the pure weak interaction – again, there is no satisfactory conventional theory for such a mass scale. (The value is, of course, sensitive to the choice of re for the scale associated with the electric force – if we use the less likely value of the ‘classical radius’, the neutrino mass will be of order 0.3 eV.) We have already (in section 9) produced an estimate of the Fermi constant based on the neutron-to-proton decay, and involving a mass difference of order       2.5 me, but based ultimately on a vacuum process involving the energy density aT4 of the cosmic microwave background radiation.

All the masses of fermions which are generated by such vacuum holographic processes can also be considered to result from the zitterbewegung or switching between fermion and vacuum states, to which fermions are subject, and which, like ½-integer spin (of which it is, in effect, an expression), reflects the duality between the localised point particle and the delocalised vacuum which is the inevitable consequence of defining a fermion as a singularity.38 The holographic principle, in effect, requires two pieces of information because it is equivalent to establishing a duality between conserved and nonconserved quantities, real and imaginary ones, or continuous and discrete – exactly those dualities which are responsible for the ½-integer spin.6,39 Zitterbewegung is the direct manifestation of these dualities. In fixing specific values for different fermion types, it also encodes the information about the states between which the switching can occur (for example, the different ‘colour’ or directional states available to quarks) and the nature and strengths of the forces which this involves.

The neutrino mass may contain both Dirac and Majorana contributions because the zitterbewegung has two possible routes – via a parity transformation with spin 1 (Z) boson exchange (Dirac) or via a time reversal (( CP) transformation with fermion-fermion intermediate state (Majorana).6 A pure charge conjugation is forbidden by nilpotency. Because only the weak interaction is involved for neutrinos, and the weak interaction may violate both P and T symmetries, we may consider the mass-producing zitterbewegung transformations as occurring in a real, as well as virtual, sense for these states, and we may suspect that, while the main neutrino mass has a Dirac origin, there may be a Majorana process involved in the mass differences between generations.
12 The holographic principle

An important aspect of the calculations relating to equations (2)-(4) is that they are information-based. The fictitious inertial and Coriolis forces and the cosmic background temperature are indicators of information loss, which can be treated on a digital basis if space (or vacuum) is regarded as composed of entangled virtual particle-antiparticle pairs created by any of the three fundamental interactions for which we have calculated characteristic masses and distance scales. Only the electric interaction, however, can be imagined as operating on a universal scale, and equation (2) can be seen as a version of the holographic principle – comparable to those formulated by ’tHooft in the context of black holes,40 and Susskind in the context of string theory41, but not in any way dependent for its validity on those concepts – in that it relates the information about the number of virtual particles or antiparticle pairs filling the observable universe, which may be derived from mu / me, to the ratio of the universal to fermionic bounding areas ru2 / re2, and that the connecting mechanism is ultimately the nonlocal gravitation.

Now, by inserting (1) and (4) into (2), we may obtain the equation
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or, since (G
[image: image70.wmf]h

/ c3)1/2 is the Planck length rP,
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This is particularly significant as it means that the number of virtual fermion (or fermion–antifermion) states of characteristic length re in the Hubble universe (determined approximately by the volume ratio ru3 / re3) relates also to the total number of bits of information available according to the holographic principle, which relates to ru2 / rP2. (Additional small numerical factors, such as packing fractions and the ln 2 which emerges from information theory, may be required for more refined calculations.) According to Lloyd,42,43 the number of bits that can exist in a given volume of space is determined by the ratio of the bounding area to the minimum surface area separating the virtual fermion-antifermion pairs on either side of the boundary, and, for the Hubble universe, is, to about an order of magnitude, of order 10123 (( ru2 / rP2).

In addition, (2) can be rewritten in the form
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Since ru and re can be thought to represent times (ru / c and re / c) as well as distances, then the ratio ru / re could be thought of as a measure of the number of times ‘information’ could be transmitted across a system of length re during the Hubble time tu; and, with  mu / 108me  as an approximate measure of the number of real systems transmitting such information, then the total number of transmissions during time ru / c would be within an order or magnitude or so of ru3 / re3. Lloyd describes this as the quantum geometric limit, the number of ‘bit flipping’ events that can take place in a 4-D space-time determined by the Hubble event horizon. Again, it is of order 10123, because it is defined as ru tu / rP tP = ru (ru / c) / rP (rP / c) = ru2 / rP2.

In fact, if the number of ‘flips’ or transmissions available to one ‘material’ bit, of length re, in time tu is defined by tu / te = ru / re, then the number of ‘material’ bits (or real particles) in the universe will necessarily of order ru2 / re2 or mu / 108me. In the present theory, of course, the minimum unit of ‘information’ is the fermionic state (or the unit charge), and the ratio of the total number of possible fermionic states to the number of realised fermionic states is of order 1040.

Versions of (2) and all the equations in this section (sometimes with different numerical factors) have long been a fundamental component of the Machian inertial theory outlined in section 5, together with the connection to a fermion-antifermion vacuum, and the idea that particles with electric, strong and weak charges are the fundamental units of physical information.1-7 They constitute an anticipation of at least one form of the holographic principle. Equation (2), which is the most counter-intuitive, and which seemed the most speculative when the first version of it was proposed, stands out as especially remarkable, in that it provides a direct connection between mass and the bounding area of the fermionic system to that of its Hubble universe through gravity and inertia, in exactly the same way as happens with the nilpotent fermion and its vacuum. The role of gravity as carrier of this information, and as the agent of the connection between the fermion and vacuum or the rest of the universe, is established as the ‘cause’ of the holographic principle.

In a sense, as shown in section 11, the information from equation (2) about the force acting is determined solely from the mass of the particle as proportional to the bounding area, which relation is structured so that it becomes equal to that defining the universal gravitational / inertial field or vacuum.44 (In nilpotent fermionic states, this relates to the definition of the gravitational-inertial component of the 4-spinor, 1(( ikE ( ip + jm), with coefficient 1, as encompassing the information provided by the discrete weak, strong and electric components and their vacua, defined by the respective coefficients k, i and j.)45 It may be significant that Roscoe has proposed, on Machian foundations, and seemingly with strong experimental support,46-49 that the large-scale distribution of matter in the universe follows a relationship in which m ( r2, showing that, where gravity does the structuring, it follows the scale-independent universal structuring process, equivalent to (2), that we call the holographic principle.
13 Reducing the free parameters
The calculation of the proton / neutron mass using lattice gauge QCD and an assumed u / d quark mass similar to the ones calculated here (as factors of me)50 gives us an opportunity for reducing the number of free parameters in the Standard Model. Combining this with a long-standing calculation1,2,6,10 that the proton / neutron mass is ( 13.5 me / , would give us an independent relation between me and  (though also depending on the strong coupling 3). Pinning down either of these two quantities separately appears to be rather more difficult.

It has been shown previously that the running coupling equations for the weak, strong and electric fine structure constants, for a theory of leptons and lepton-like quarks, at energy scale , together with the value of sin2W, predicted by this theory for 246 GeV, gives a grand unification energy MX equal to the Planck mass.6,51,52 Since the Planck mass is derived only from G, 
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 and c, this means, in effect, that we have four equations for five unknowns, 2, 3, , G (the coupling constant at grand unification) and :
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This is equivalent to only one of the five numbers being a free parameter, and it may be that, if we can fix one of the couplings at a particular value of energy , using some fundamental justification, then we can eliminate free parameters altogether. A possible candidate is to give 3 unit value, that is 
[image: image78.wmf]h

c, at the mass me / . (70 GeV), which seems to be a fundamental unit within the baryons and mesons of the Standard Model,6 and which, since it divides me by ., is actually independent of any parameter associated with the electromagnetic interaction. It is at present difficult to test this possibility, as the perturbation theory, on which equation (9) is constructed, fails in this region of 3. (A straightforward application of 3 = 
[image: image79.wmf]h

c to (9) would give  = 111 GeV, which is interestingly close to 216 me, a kind of zitterbewegung value for 108 me) If this, or any other such relation, could be established, we would then have independent values of me and .

Now equations (1) to (4) give relations between six unknowns me, re, , T, mu and ru. If we had independent values of me and , then all six values would be established independently, as would all the subsidiary values of significant numbers discussed in sections 8-10. The true connection between the particulate and universal, local and nonlocal, fermion and vacuum would be established with mathematical precision at all scales.

14 Conclusion

The original starting point for this paper was a long-held belief that the intrinsically nonlocal nature of gravity would lead to extrinsic effects related to the velocity of light in the observation of gravitating system. A significant result of this was that rotation / angular momentum (the ‘aberration of space’) emerged as a necessary consequence of the actions of gravity, and not as an unexplained add-on assumption. Many predictions have resulted from this. Thus, the theory has always required an infinite, flat, Euclidean universe, at the critical density, exactly as now established by experimental data, but totally against majority opinion in the preceding decades. Again, and most significantly, the acceleration effect in the cosmological redshift was a prediction made two decades before the experimental discovery, rather than a post hoc explanation. In addition, a connection with the cosmic background radiation suggested that the temperature was 2.72 K, well before exact values were established.

Apart from these successful predictions, the theory has also led to calculations which link cosmological and fundamental particle scales, in a way which enables specific values for the significant numbers in both areas to be evaluated with a minimum of (and possibly zero) free parameters, and for further predictions to be made, in particular, of the mass scale for neutrinos. These calculations involve a version of the holographic principle, based on gravity and the inverse square law, in which the information unit is identifiable from the beginning as the minimum charge structure or fermionic state, and which, as in the versions based on black holes and string theory, is structured on a vacuum constructed from virtual fermion / antifermion pairs. This version of the principle additionally shows that the ‘large number’ relations between cosmic and particle scales are a consequence of the gravitational / inertial connection between the local and the nonlocal. When proposed in its earliest form,1-2 this would have appeared highly speculative, but subsequent calculations, considered ‘mainstream’, seem to provide an almost exact parallel in all significant respects.

Of course, though the theory has generated many interesting numerical results, such arguments should always be treated with a degree of caution, as it is certainly possible to generate numerical results that are nothing more than interesting coincidences. In addition, the status of the experimental data concerning quark and neutrino masses, and the Pioneer and other gravitational anomalies is still under extensive review. However, the successful predictions already made (especially of the ‘dark energy’ effect), the overall consistency of the calculations linking cosmological and particle physics data, the successful incorporation of Mach’s principle and the explanation of the origin of gravitational rotation, together with the anticipation of the holographic principle, seem to suggest that the outcome of this particular research programme has justified the seemingly speculative assumptions on which it was originally based. If so, then it will be well worth exploring further to see what further predictions, explanations and calculations might result from its many-faceted structure. 
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