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ABSTRACT

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 and no other gravitational influence.

It can be shown that confined massless lightspeed sub-particles function inertially
equivalent to a mass particle and have the same acceleration in a variable index of
refraction as a mass particle in a gravitational field. If this is true then it is argued
that the internal constituents of all mass depend on the velocity of light for internal
propagation of its constituents and are accelerated in a gradient in c just as
confined photons. The best evidence for this is that the energy change as the result
of a Lorentz velocity transform is the same for particles and photons.

If mass particles are at the core, bound lightspeed particles then there is no need to
ascribe any other mechanism to gravitation than a gradient in c.

This makes gravitation an electromagnetic phenomenon, and if QFT can illustrate
agradient in ¢ equivalent to gravitation, can be produced by the internal motion of
lightspeed sub-particles then the unification of QM and gravitation becomes more
straightforward.*

http://www.arxdtf.org/css/ GravA PS. pdf

*|t has been asserted by researchers that the quantum vacuum is the origin of the speed of light and there
is research on the phenomena, that the passage of a beam of photons can produceagradient in c. [1][2]

I ntroduction

There are hundreds of papers on gravitation and a variable speed of light (VLS)
some of which preexist General Relativity and many thereafter [3]. All papers so



far reviewed by this author assert that gravitation alters the velocity of light as well
as providing an attractive potential for mass particles.

It is assumed here and developed in “The Concept of Mass as Interfering
Photons’[4] that a pair of bound of lightspeed particles having a mass as defined
by m=E/c havethe same inertial properties and gravitational properties as a
mass particle.

The effect of agradient in ¢ on such a particle functioning in a variable index of
refraction following a trgjectory defined by Fermat’s principle is devel oped.

The initial horizontal trajectory of the back and forth motion of lightspeed particles
accelerates vertically exactly as a mass particle in a gravitational field. Asin
previous papers regarding a locally conserved energy principle, flat Minkowski
space is presumed. [5]

A simple particle

It is presumed that a simple particle such an electron could be defined bound
lightspeed such as a photon, and a neutrino of equal energy having aligned spin
and motion reciprocating initially along a common axis. The sum of the spinis 2
and the particles could be held together by a mediating W boson that
Instantaneously exchanges momentum when the particles exceed the combined
particle Compton diameter.

The linear momentum of the light speed particles, developed in [6], can be defined
by:

P=—(v"c +7%) (1)
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Summing, squaring two particles, and noting the value is Lorentz invariant gives:

(V1+V2)2 {1 (vlvz)z} B 2vv, _ V_OZ (2)



Noting that this expression is the same for the relativistic mass of a particle
with m=(v +v,)/c® | and the velocity of the center of massis:

V_( 2)2
E_ 21 (3)

and the deBroglie frequency is the difference of the photon frequencies.

The motion of the photons can be treated by Fermat’ s principle in a variable index
of refraction. For illustrative purposesit is assumed that the particles are initially
moving horizontally along the x axis with the index of refraction gradient along the
vertical r axis with the spin being horizonal. As the lightspeed particles move back
and forth in the confined volume the acceleration of the vertical component of the
trajectories responds to the gradient in ¢ as would a photon in free space.

The acceleration is actually independent of these initial conditions, and thus any
configuration of a collection of confined lightspeed particles results in the
combined particle center of mass mimicking areal particle in a gravitation field.

Gravitationally Induced Index of Refraction

The index of refraction of light induced by a gravitating mass can be deduced
using the defection of starlight by the by the use of Fermat’ s principle; in addition
Blandford & Thorne [7] have shown the same result by projecting the Einstein
equations on flat space. That index of refraction is found to be:

no = (1—2%}1 @

This result, which is well verified for tangential or angular motion of photonsin a
gravitational field, is not necessarily the same as the radial value. In fact Karimi, &
Khorasani [8], have illustrated that the Schwarzschild metric yields, for flat space,
an index of refraction that is optically anisotropic. Unfortunately their values even
in flat space rely on the presumption of gravitational time dilation and therefore are
not time flat Minkowski. For flat Minkowski geometry in space and “time” and,
gravitation being only a gradient change in ¢ then the only change in the photon



rising in agradient in c is the change in ¢, not a change in the frequency. Thus the
measurement in ¢ is made by the measurement of the wavelength presuming the
frequency is constant. From the experimental measurements of the gravitational
red shift, and the Pound Pound—Rebka experiment [9], the wavelength shift for
those experiments yield:

A=, (1— 2%}412 (5)

And thus the radial index of refraction for light is:

m = (1—Hj_l (6)

r

We draw the conclusion, based on only experimental evidence, that Eq.(4), and
Eq.(6), are the radial and angular indexes of refraction for photons moving in a flat
Minkowski space gravitational field. More succinctly the anisotropic
gravitationally induced index of refraction of light is:

n=(1-(1+sinO)u/r)” ©07)

0 isthe angle between the velocity and the radius vector.

Horizontal Trajectory

The equations for photon movement in a variable index of refraction have long
been worked out for lens development. From Evans & Rosenquist [10],[11] the
equation for the trajectory of a photon in a variable index medium derived from
variational principles based on Fermat’ s theorem is:

r"=nv(n) (8)

With the derivative defined with respect to a stepping parameter, asuch that:
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da= ?dt 9)
And:
== n (10)
da

Inserting Eq.(9), into Eq.(8), and proceeding, the time differential or vertical

acceleration is:
d’r (Gm v2T
dT(r_j{lc_} ()
0

Thisis the same as the acceleration of a mass particle in gravitation for flat space.
(See Appendix | for math details.)

For the horizontal x component of the photon acceleration is:

2 272
dt r Co

Thisis initially zero for a particle direction along the x axis. These equations can
be solved for the trgjectory and isillustrated in Figure 1.

Particle Trajectories for Bound Particlesin Vertical Gradient in the Velocity
of Light

Free lightspeed particles trgjectory Bound lightspeed particle trajectory

- =

Fig. 1.The vertical acceleration for both bound photons traveling at
light speed, and free particles in a variable index of refraction.



The initial conditions of a stationary center of mass and a horizontal trajectory are
not necessary for the results.

Vertical Trajectory

The above illustrates the particles being initially aligned along the horizontal axis,
but it is easy to show that the same result applies to any initial condition.

A more direct approach developed in earlier papers, [4], and easily shown, Eq. (3),

the velocity of the center of mass, or “center of energy” for two photons, or speed
of light particles, is:

Pl (12)

Presuming the particlesinitially of the same energy and are moving opposite
directions along a vertical axis with agradient in ¢, Fig 2, the acceleration of the
center of mass of the two particles as the result of agradient inc is:

av_d Ch(i _E)
dt dt| 2\ a1 aa)l (13)

With A, =X\, +X,. Inserting the wavelength dependence on index of refraction

from EQ.(5), this becomes
S
a 2 n r,

Since the particles are moving in opposite directions c=dr, /dt =—dr, /dt, the
vertical acceleration of the center of mass of the two lightspeed bound particles is:

d G
a== 7 (15)

Thisis exactly as above Eq.(11), for the vertical acceleration of a bound system of
two light speed particles, and the same for a massive particle moving in a
gravitational field.



Particle Trajectories for Bound Particles Vertical Trajectories

Figure 2

The Argument

1: A photon trapped between two reflectors whether mirrors or in a black box
cavity represents rest mass. From the outside the photon is part of the total energy
and cannot be ignored as part of the proper mass.

2: A photon reflecting between two parallel vertical mirrors accelerates vertically
inagradient in c exactly as a mass particle in a gravitational field.

3: If atrapped photon is mass then a photon oscillating between two mirrors must
generate gravitation the same as a mass particle of the same energy.

4: An energetic photon can by virtue of QFT generate agradient in c in its path
vicinity.

Therefore; if the simplest form of mass, a trapped photon, can respond to a
gradient in c asif it isin a gravitation field, and can generate agradient in c
equivalent to that produced by gravitation, why is there a necessity ascribe any
other attribute to gravitation.



Conclusion

It has been shown that the effects of gravitation attraction of mass particles can be
effectuated on a mass defined by a confinement of lightspeed particles by a
gradient in the speed of light without need of any other mechanism. Since there are
well-known processes defined in QFT and path integral formulations of QM, that
alter the velocity of light in the proximity of moving photons,[1][2] it is speculated
in appendix |1, that the processes of QFT could be the progenitor of gravitation.

References:

1. M. Urban,et.al. The quantum vacuum as the origin of the speed of light, The European Physical Journal D
67(11):219- November 2013 http://arxiv.org/abs/1302.6165

2. D. Kharzeeva, K. Tuchinb, Vacuum Sdf—Focusing of Very Intense Laser Beams,
arXiv:hep-ph/0611133v2

3 Jan Broekaert, 2008 A spatially-V SL gravity model with 1-PN limit of
February 5mhttp://arxiv.org/pdf/gr-qc/0405015v4. pdf

4 DT Froedge, Gravitation isa Gradient in the Ve ocity of Light,, V051715,
http://mww.arxdtf.org/css/ Gravitation. pdf

5. DT Froedge, The Concept of Mass as Interfering Photons, vo32615,  http://www.arxdtf.org/css/interfering.pdf

6 DT Froedge, The Gravitational Theory with Local conservation of Energy, V020914,
http://www.arxdtf.org/css/grav2a. pdf

7. Roger Blandford, Kip S. Thorne, Applications of Classical Physics, (in preparation, 2004), Chapter 26
http://pmaweb.cal tech.edu/Courses/ph136/yr2012/1227.1.K . pdf

8. F. Karimi, S. Khorasani, Ray-tracing and Interferometry in Schwarzschild Geometry, arXiv:1001.2177
[or-qc] arXiv:1206.1947v1 [gr-qc] 9 Jun 2012

9. R.\V. Pound and J.L. Snider, Effect of gravity on gammaradiation, Phys. Rev. B
140:788-803 (1965).

10. James Evans and Mark Rosenquist, “ ‘F=ma’ optics.” American Journal of Physics 54 (1986) 876-883.
http://www2.ups.edu/facul ty/jcevans/F=ma%200pti cs.pdf

11. Simple forms for equations of rays in gradient-index lenses, James Evans American Journal of Physics 58
(1990)
http://www2.ups.edu/faculty/jcevans/ Simpl €%620forms. pdf

12. DT Froedge, The Velocity of Light in aLocally Conserved Gravitational Field, vos121s, )
http://www.arxdtf.org/css/vel ocity. pdf

Appendix |



Calculations
The presumption is that the initial motion of the lightspeed particle is tangential to
the gradient in the velocity of light. With axis such that r is vertical and the
velocity is orthogonal and along the x axis.

From above, the gravitational equivalent index of refraction for a speed of light
particle along the r , and 6 directions are:

-1/2
N = Ay (1— 2%} (1.1)

Mg = (1— Zﬂl (1.2)

From [10] the motion of a speed of light particle in avariable index of refraction
IS

d dr n’
" = —— e 1-3
r da da grad( j (13)

With the stepping parameter adefined as:

=n (1.4)

To express Eq.(1.3), in time dependent acceleration the stepping parameter can be
replaced with Eq.(1.4), giving for the tangential motion along the r axis:

o(@) gfre) wa(ia) o) iras g

da\da) dalc,dt) c,dtlc, dt) c, dtlc,) c,c,dtadt
Thus:
2 2 2
a:iﬂ = C%grad n_ _C_gi n_ (16)
dtdt  n 2 ) n2dtlc,

For the radial component of the acceleration is:
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or
2
d’r (Gm v,?
a7 )| e 19
Similarly the horizontal x component of the photon acceleration is:
d’x (., Gm v T
a =9 X (Zr—zj{l— . } _0 (1.9)

The radial or vertical acceleration is exactly equivalent to the acceleration of a
relativistic particle in flat space under the influence of a gravitational field.

These equations can be solved for the trgjectory of the photon experiencing a
gradient in c. See Evans [11] for the procedure.

Appendix ||

It has been demonstrated above that the effect of gravitation can be mimicked on
the dynamics of photons and particles by a gradient in c. It is certainly true for the
dynamics of photons and confined photons. Given this; a demonstration that a
photon reciprocating in a cavity generates a gradient in c, of the proper value, in
the surrounding space by methods of QFT, would transform gravitation form a
distinct force, to electromagnetic phenomena.

Since there are well-known processes defined in QFT and path integral
formulations of QM, that alter the velocity of light in the proximity of moving
particles,[10] ,[11] it is speculated that these processes could be the progenitor of
the gravitational phenomena. It is a bit of speculation, but not farfetched with
respect to known QFT phenomena.

It has long been known that a photon entering a gravitational potential follows a
path identical to that of a photon in a variable speed of light defined by the Shapiro
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velocity for Minkowski flat space [7]. A spatially variable speed of light is
implicitly present in General Relativity, and in fact has along history starting in
the pre GR efforts of Einstein and others. The difference in the approach taken in
this author’ s paper is not that gravitation changes the speed of light, but that
gravitation is a change in the speed of light. Newton's apple falls not because of
an increase in energy, but because the speed of light at the branch is higher than the
speed of light at the ground.

Simplifying the Discussion

First; it is observed that a photon confined in areflective cavity constitutes rest
mass. If to an empty cavity having a given mass is added a number of photons, the
energy is increased, and for an outside observer the increase though small,
constitutes an inertial or rest mass increase. For a black body cavity containing
black body radiation the effect may be small, but in the case of an atomic nucleon
the addition of agammar ray is quite measurable. It must be concluded that the
radiation confined in a black body cavity must contribute to the rest mass of the
cavity and must be included in its inertial mass.

Second; if confined photons must be included in the rest mass, then the presence of
the photons must also generate gravitational attraction. It must be concluded that a
single photon bouncing back and forth between two reflectors is somehow
generating the effect of gravitation, and in the view of this author a gradient in c.

Consider an apparatus having a cavity with opposing mirrors and having photons
trapped between the mirrors. From conservation of energy the apparatus has more
mass and generates more gravitational attraction than the cavity without the
photons. There is not speculated an interaction between the photons, so the photons
that are bouncing back and forth must be generating gravitation.
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Figl Photons trapped between mirrors
of an apparatus increase the mass and
thus the gravitational attraction of the
apparatus.

The increase in energy of the system ishv so the mass of the apparatus increase as
aresult of atrapped photon is:

m=— (2.1

The gravitational potential due to a confined photon is then:

n_ Ghw 25
r c'r (2:2)
Putting this into the radial value for the index of refraction [13] of light in flat
space yields:
cec|1- Ghom
0 cir (2.3)
or:
Gh
AC=—m
cr (2.4)

Noting that the square of the Planck radiusis Gr/c® this can be stated as:
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Ac = —o (2.5)

From our premise; “if” the motion of the photons generates a gradient in c,
equivalent to Eq.(2.5), then the effect on other particlesis equivalent that of
gravitation.

The fact that the Planck radius is the constant in the equation is quite curious.

By the methods of path integrals noted by Feynman the probability for the particle
moving from point ato point b, exist throughout spaces, it has already been shown
by the methods of Quantum Electrodynamics that a photon beam induces a change
in the velocity of light in the vicinity of the beam. [2], if thisis the value then the
conjecture will be proven.

1>

I

|
Fig.2.This illustration shows the path actions induced by
a photon oscillating between two reflectors.

From the work of D. Kharzeeva, et.al, [2] it is shown that for an intense laser beam
the QFT effects related to electron—positron loops induce vacuum “ self-focusing”
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which is a vacuum alteration of the index of refraction in the speed of light in the
vicinity of the beam

A particle model being reciprocating bosons in a massless box, as asserted here,
constitutes an intense, highly energetic back and forth reciprocal motion, orders of
magnitude greater than a laser.

It is suggested here that the multiple path integration of the photon action over all
space would alter the velocity of light near the path as afunction of r, and if
Eq.(2.5), isrealized the connection between gravitation and QFT would be
established.

* More succinctly the anisotropic gravitational induced velocity of light
is ¢=C,(1-(1+sinB)u/r), with 6 being the angle between the velocity and the
radius vector [12]



