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Abstract
Gravitation defined in curved space has never been found to be compatible with
quantum mechanics or quantum field theory. This is likely due to the fact that one
theory is based in local conservation of energy and the other defines energy
globally, and not locally conserved [1]. Equations mixed with variables from the
two conservation laws, could neither be invariant nor covariant under coordinate
transformations. This paper presents a theory of gravitation constructed within the
locally conserved concepts of QFT. In previous papers the author has illustrated
that for photons, and confined light speed particles, a gradient in c demonstrates
the effect of gravitation. The illustration of a gradient in c generated by Quantum
Field Theory equivalent to gravitation therefore could create a theory a mechanism
for gravitation within a Lorenz, local conservation of energy four-space.
With a few assumptions regarding the nature of photons and the reality of path
integrals, gravitation can be illustrated as a feature of Quantum Theory.

Introduction
Paul Davies in his introduction to Six Easy Pieces by Richard P. Feynman said:
”You could not imagine the sum-over-histories picture being true for a part
of nature and untrue for another part. You could not imagine it being true for
electrons and untrue for gravity”
If gravitation is a gradient in c as discussed by the author in other papers [2],, then
there must be a mechanism for inducing a change induced by a locally confined
energy. This paper discusses how this is possible.

Feynman proposed that for a photon, or any particle, going from one point to
another, there is a probability of the particle has traveled every possible path [3],
and by very accurate measurements of quantum effects there is every reason to
believe that this is true. It is not unreasonable to presume that the interaction of
these photons with passing photons could make velocity changes to the index of
refraction for these photons Nature of the Photon
The photon, the first of the discovered particles is still not well understood. It
contains a quanta of energy and although the wavelength can be thousands of miles
long, it can deliver that energy to a single atom or electron instantly.

A photon moving through a probability density amplitude of approaching Feynman
photons should experiences an alteration in the index of refraction, velocity and
direction. This alteration of photon dynamics, with minimal assumptions, can be
shown to be the causation of gravitation, electric charge, pair production and the
structure of the electron, within a four dimensional Lorentz space.

When Einstein was searching for the cause of gravitation, the classical mechanism
offered nothing to effect the phenomena. The electric charge and fields worked
fine for electric interactions, but nothing except action at a distance could effect
gravitation. His proposal to effect gravitation was to assert a curvature of space as
defined by the Ricci tensor.
In the 1950’s Feynman developed what is referred to as the path integral approach
to QFT, this asserts that any action path taken by a particle of particle of photon is
a composition of an infinite number of paths, what we refer to as the classical path
being the most probable. One could look at this is the amplitude probability
distribution of the particle as it moves through space. If the particle is in a
reciprocating path then there is a probability of the particle being at a distance from
that path.
It is the probable existence, and effect of the Feynman photons, generated by the
repeating action of confined photons in massive particles that can be shown to be
the vacuum energy, sets the speed of light, and provides the effect of gravitation.
This probability density amplitude is devoid of energy, but reacts with the density
amplitude, and changes the momentum and velocity of oncoming photons having
an opposite velocity vector. By Lorentz consideration, photons having a negative
velocity dot product cannot interact.

Although the Dirac and Schrodinger QM waves associated with a particle are have
long been accepted to be a Born probability distribution, the waves associated with
a photon have generally been asserted to be electromagnetic. This is not necessary
and in fact is counterproductive to understanding quantum dynamics and particleparticle interactions. The ascribing of the energy of a photon to be a continuous
electromagnetic field is an approximation that leads to violations of special
relativity, and in the case of the electron structure leads to unacceptable infinities.
Order of Presentation
Defining Photon and Series of postulates
Feynman Photons
Gravitation
Vacuum probability and speed of light in universe

Postulates
The basic postulates in this paper will define: The velocity of light in the
probability amplitude of another photon; the physical structure of a photon; the
interaction of two photons; and the probability of finding a Feynman photon
existing off the classical path.

The Photon
1
The photon is presumed to be a Planck size particle with radius  PL . The
wavefunction is the future probability of the location with a cross section equal to
the square of the Compton radius  C . The wave, generally thought of as
electromagnetic, is asserted to be only the amplitude probability of the photons
future location and is devoid of energy content. The entire energy and angular
momentum of the photon is asserted to lie within the Planck volume. (See
discussion Appendix I)

2
The change in the speed of light, or index of refraction, on passing
through the Compton probability volume of another photon is
proportional to the probability of a collision with The Planck core of
that photon in that volume of space.

Fig.1 photon delay passing through location distribution of another photon
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3
Association a continuous electromagnetic wave with the photon can be done
[4], but it is unnecessary and counterproductive. The presumption of a
continuous field associated with the photon creates singularities and
integration issues that distort actual particle interactions. The discrete values
associated with probability amplitudes and density does not have that
problem. The probability of the location of the photon lies within the
Compton radius  C , and does not represent an energy density.

4
The photon physical cross section is The Planck area:
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5
The probability of a Feynman Photons being at a point at a distance r
from the classical path of a photon reciprocating in a confined space is
P
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r

(3)

(See discussion Appendix II)
6
All massive Fermion particles are considered as the ½ spin quantum number
entangled confinement of a number of light speed particles that can be
summed into a single rotating action path with a mass equivalent to the
combined mass. (See Note1)

Variable Speed of Light: Constants and Dependences

In a volume of space with an altered velocity of light such as a gravitational
potential, the energy of a photon is considered to be a Lorentz universal constant
and equal to  . The other fundamental constants must be therefore functions of c:
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Note that the energy and angular momentum are constant, but the rest are
dependent on c. The mass of the photon is defined as m   / c2 .

(4)

Feynman Photons
From Feynman’s Path Integral formulation or sum over all histories of QFT, the
action path of a particle from one spacetime point to another is the sum of the paths
over all possible paths [3]. For a repetitive action path, that is from one point to
another and back, there is generated and continuously regenerated set of paths
resulting in the particle having a probability of being at a distance from the most
probable path.

Fig.2 As a photon moves from one point to another there
is the probability of being at a distance r from the
classical path.

Since the developed of the path integral approach, it has been apparent that
particles traveling on action paths have some probability of existence exterior to
the classical path [4], [5], [6], [7], [8], [9] . When photons are confined such as
between two reflectors or are in an orbit of mutually generated gradient in the
index of refraction such as in an electron (discussed in authors papers on photon
structure [10],[11]). Feynman’s argument requires there are continuously generated
action paths throughout the surrounding space, and the probability of existence of
these polarized photons in the space surrounding the “classical” paths.

Fig.3 Some of the possible Feynman paths for a photon oscilating
between two points.

For an entangled pair of photons, such as exist in a particle, the exchange of
momentum by Feynman photons alters the velocity of the center of
momentum, and thus exchanges both energy and momentum for the
entangled pair. The probability density of the Feynman photons does have
physical consequences.

Fig.2 Feynman photon being located at a distance r from classical path

The knowledge of the probabilities of discrete photons existing off the classical
paths has existed for half a century yet the exploitation of the interaction particles
has defaulted to a continuous field theory, (QFT) [3]. The continuous field is
replete with infinities and is not exactly equivalent to the discrete “path integral”,
or “sum over all histories” approach.
As developed from work of others in and discussed in [11][11a], the probability of
a Feynman photon being located at a distance r from a confined photon moving in
a repetitive action (or classical) path is determined to be:
P

(See discussion Appendix II)
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r
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Photon Induced Change in Speed of Light

Urban [13] has proposed an index of refraction of space based on the vacuum
polarization creating and annihilating electron pairs, and in another publication
[14] proposed an index of refraction depending on the time delay of a photon
passing through the volume of intersecting particles There are also field time delay
operators that assert a delay photon delays [15], [16], [17], [18], [19], [20]. This
paper will propose that the vacuum photon delay is the result of intersecting
Feynman photons that inhabit the universe and the change in velocity is
proportional to the ratio of the Planck cross section to the Compton cross section in
intersecting those particles. Feynman photons being the same as any other photon
predominantly scatter exchanging.

Gravitation and the Speed of Light

It is well known that a photon moving in a gravitational field has a trajectory
that can be defined by Fermat’s principle in Minkowski flat space with a
variable speed of light with no other gravitational influence. The relation for
the index of refraction developed from GR by Blandford, & Thorne, and
others, with a flat metric is: [21], [22]
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In a previous papers [2], the author has illustrated that for photons, and
confined light speed particles, a gradient in c produces the exact effect of
gravitation on a massive particle with the same energy content. The
illustration of a gradient in c generated by QFT equivalent to gravitation
therefore could create a theory of a mechanism for gravitation within a
Lorenz, local conservation of energy four-space.
If it can be shown that the effect of Feynman path action of oscillating photons
on interloping photons produces the same change in the speed of light as
gravitation, and it can be shown that the effect of a gradient in c produces the

equivalent effect of gravitation on confined energy: then the cause of
gravitation is established.
Multiplying the change in c as a result of being in the probable location of a photon
(Postulate 1 Eq.(1),), times the probability of a Feynman photon being at that point
(Postulate 2 Eq.(3), ), gives a change in c as.
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or:
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r

(8)

Comparing the results of Eq. (8) , with the well-established velocity of light
induced by gravitation in flat Minkowski space Eq. (6), the connection is
established between the Feynman photon induced change in c and the
gravitationally induced change in c..

Ambient Speed of Light in the Universe

As can be seen from Eq.(1), the velocity of light is slowed down by the presence of
Feynman Photons. We have postulated that every particle in the universe generates
Feynman photons and the protons and neutrons make up the bulk of the mass and
have by far the greatest effect. For the purpose of counting it will approximated
that all mass in the universe are protons.
From an estimate of the mass in the universe by D. Valev [24], the relation
between the mass and the radius from the value of the mass in a flat universe is
from the relation:
Gm
1
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2

R is the visible radius of the universe.

(9)

This can be rewritten in the format of Eq.(7), as:
G M

c02 R / 2

 PL

n   

 2 PH n

2
PH n

 1

rn

 c

n

c0

(10)

Note that the sum of the effect of the Feynman photons on passing photons
in the universe sets the velocity of light
c Per Photon  c0
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and the probability of the Feynman photon being there is.
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r

(12)
The sum of the change in c as the result of all the photons in the universe
must equal to the ambient velocity.
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(13)

The velocity in an empty universe is not slowed down by the probability of
interaction with Planck particles and thus is infinite.
Knowing that most of the particle mass is primarily protons or neutron
equivalents, then Eq.(9), can be written as a sum of these particles. The
implication of Eq.(10), is that the average distance to the individual particles
in the universe is r  R / 2 , or half the radius of the universe, and the change
in c is the ambient c  c0
This is more apparent if rewritten as:
c0
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Since the protons masses (P), are the most prevalent terms, this sum can be
written as:

(14)
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This is the sum of the Feynman probability of photons being at a point in the
universe times their individual delay. The probable number of proton
equivalent Feynman photons at any point in the universe is then just the ratio
of the Compton wavelength to the gravitational radius of the proton:
nF 

P
 1.69321E  38
P

(16)

The probable number of Feynman photons at any point in the universe.

Electric Field Scaling
If the speed of light is set by the Feynman photons in the universe then, and
it has been asserted here that there is no electric field only a probability of
photons that sets the speed of light then the scaling of the electric field
should be proportional to the density of the Feynman photons.
The assignment of the probability density of one to the lowest energy
potential of electrical particle interactions, the Rydberg energy, then there is
a scaling between the probability density of the Feynman photons and the
electric energy density of the electric field.
2 P 2 p

 m e c 2 / 2
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Since only photons moving in opposite directions interact, multiplying half
the number of Feynman Photons n F in the universe times the Rydberg energy
gives the maximum electrical energy density:
n F R / 2  1.948e  27 erg/cm 3

(18)
This is within about 6% of the Schwinger electrical limit
(1.948E+27 erg/cm3 ), [25], which is the energy density inducing pair
production [26].

Conclusion
This has been a presentation of a plausible mechanism inducing gravitation within
the confines Quantum Theory in Minkowski four-space and illustrating the
ambient causation of the velocity of light in the universe.
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Appendix I

Nature of the Photon
The photon, the first of the discovered particles is still not well understood. It
contains a quanta of energy and although the wavelength can be thousands of miles
long, it can deliver that energy to a single atom or electron instantly.
Because of the energy assigned to the electromagnetic wave the photon is mostly
thought of as being the electromagnetic envelope, but as in the case of particle
solution of the Schrodinger and Dirac Equation it has been demonstrated that the
probability localization of the electron defined by the Photon Wave Equation is
interchangeable with the electromagnetic energy density [13], [14]. Thus the
identification and replacement of the energy density of the electromagnetic field
with the photon location probability density is well justified. The energy of the
photon is demonstrably not distributed over the entire wave but is localized well
enough to be transferred instantaneously to a point particle. The distribution of the
energy over distances of kilometers would make the instantaneous transfer of the
energy a violation of special relativity.
If the electromagnetic envelope is just the probability envelope of location it is
apparent that the instantaneous transfer of energy requires the physical energy
carrier of the photon to be very small.
Appendix II
Probability Density of Off Path Feynman Photons
Though Feynman’s proposal that a particle has a an equal probability of all paths,
it is not true that the particle has an equal probability of being an any position at
any distance from the path, in fact, there is no way at this time to directly calculate
the probability amplitude as a function of the distance from the classical trajectory
[9].
For approximations one can turn to the work introduced by Aharonov, Albert, and
Vaidman on “Weak measurements” [10-11] that pre-selects an initial state, a
measuring device, and a post-selected final state. The results that can be measured
as well as calculated can yield approximations regarding the probability density as
a function of distance from the classical trajectory

K. Bliokh et al. extending the work of Kocsis et al, [23], using the quantum weakmeasurements method introduced by Aharonov et al. [11], made measurements of
the “average trajectories of single photons” in a two-slit interference experiment.
The “Weak Values”, method implies averaging over many events, i.e., the same as
a multi-photon limit of classical linear optics, and applicable to the multiple path of
a reciprocating photon. Bliokh was able to give a classical-optics interpretation to
the experiment, and asserted that weak measurements of the local momentum of
photons made by Kocsis et al. [23], represent measurements represented an
average over many events and thus the measurements of the Poynting vector in an
optical field.
Bliokh found that the transverse location probability density for a Feynman photon
as a function of radius form a Feynman path to be proportional to 1/r thus:

Bliokh[]

P  r    *   k / r

(19)

The value of k in Eq.(19), is not found by the properties of the path
integrals near the classical tack, and are not well understood even with the
weak theory & weak measurements, but Sakoda and Omote [11] did
calculated the differential cross section from the scattering amplitudes
finding the asymptotic probability distribution r   to be proportional
to:
P  r    *    / r

(20)
For the consideration of a trapped photon oscillating Fig. 2, between two
points or in circular motion by vacuum polarization induced gradient in

the index of refraction, the path goes from one point to another and then
back, thus doubling the probability density. The probability of the
Feynman photons being at a position at a distance r from the classical tract
is then presumed to be:
PF 
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r
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This density fits well with the effects of gravitation

Note 1
On the location probability of Feynman photons.
It is presumed that the probability of a Feynman photon existing at a distance r
form the classical track of two entangled photons is:
P

2
r

(22)

If a particle is a composition of several entangled pairs of internal photons, each
pair having an energy equivalent energy mass of m the probability of being at a
distance r form the classical track, and entangled by the ½ spin quantum number.
is:
P
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and not:
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That is: the probability of a photon being at a position r from its classical track
with mass energy equivalent to the mass of the particle is inversely proportional to
the sum of its energy, not the sum of its wavelengths. This fits what is known of
particle force ranges and is the result of the anti-commutation of the internal
momentum constituents of a particle, and the conservation of energy. The

probability of a particle of that energy being at that distance would be equal to the
sum of the probability of the particles constituents.
Note 2
Simplest Rest Mass Model Must Generate Gravitation
The photon carries an energy that, though in general tiny, must exert a gravitational
pull on the particle whose position we wish to measure [28]. In order to define a
simple thought experiment, the start will be by setting forth the simplest form of
rest mass possible: a standing wave photon oscillation between two reflectors. This
photon is functionally equivalent to a rest mass and must generate gravitation
proportional to its confined energy m  E / c2 . The mechanism that induces
gravitation must be present in this simple system, but there is very little in classical
physics that would suggest a causal connection between the oscillating photon and
the passing photon. The interaction induced by the conjecture of Feynman, of the
photon paths taken by a particle going from one point to another existing outside
the classical path could offer the causal connection.

