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Abstract

For most purposes in physics the concept of mass particles and photons are treated as though
they are completely separate and distinct entities having little connection accept through
collision interactions. This paper explores the concept of a mass particle being viewed as a pair
of trapped photons in a mass-less box demonstrating proper relativistic dynamics, Lorentz
covariance, and gravitational properties. The mechanism of trapping of the photonsin the
particle is not herein defined; however the lack of sufficient spin to properly constitute a
photon would be a containment factor. Although this presentation is primarily focused on
electrons, presumably it would be applicable to any particle with primary constituents
consisting of particles that travel at light speed along null vectors. This illustrates the concept
of the equivalence of mass and energy, and why mass velocity cannot exceed the speed of
light.

It is asserted and illustrated; that the gravitational effect on particles and photons can be can be
effectuated by a simple gradient in the speed of light. This allows the assertion that gravitation
isalocal alteration of ¢ generated by the presence of matter and could be a QFT effect.

I ntr oduction

The special theory of relative, through the Lorentz transformations, yields the energy velocity
relation for photons and particles, one through a shift in frequency, the other through a shift in
mass. Considering these particles as different forms of energy, however, bestows a distinction
between the forms of energy that is possibly unwarranted. The Lorentz transforms applied to a
pair of localized photons can be shown to yield the same results as the transforms applied to a
mass particle. A photon constrained to a point as the result of annihilation by the emission of a
virtual photon by its opposite going companion, is just the three-dimensional interference of
two photons that are somehow spatially constrained to their center of mass, and the properties
match very well the dynamics of real mass particles. One may not subscribe to the details of
this, but it does give a useful perspective regarding mass, rest mass, energy, and gravitation.



| Momentum

Consider athought experiment, in which two photons are placed in a perfectly reflecting mass-
less container. Presuming that if the two photons are not aligned in the given frame, there has
to be some sub-light speed frame of reference, in which the photons are aligned, and in
opposite directions, as well as having equal energy and frequency. This frame is thus the rest
frame for the center of mass for the two photons

Using the momentum for the photons to be:

pMcHg , (1)

where we can designate an energy equivalent “mass “ for the photontobe M =hv/c*. The
momentum of the container with respect to a moving frame of reference with velocity v is
then:

P=(M;+M,)V. (2)

From the perspective of the individual opposite-going photons the momentum is:

=hvl—hv2=hAv=L. )
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The wavelength of the difference in the frequency here, or the “beat” frequency, isjust the

simple deBroglie wavelength.

The total energy, which is the sum of the energy of the photons, and thus sum of the
frequencies, yields the simple Compton wavelength:
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Using the above noted designation for “mass’ we can write for the total “ mass’:
M. =(hv, +hv,)/c?, (5)

Defining a mass for photons is not a unique concept and has been used by others [4]

The momentum is then:



Solving for velocity:
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Thisis notably just the velocity for the center of mass for two opposite going photons.

Since for a particle:

Putting inM, , and v/c and solving gives:

My>= (M, +M,) =(M,-M,)" =4MM,.

(6)
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So the square of the rest mass of the particle is four times the product of the “mass’ of the

individual photons.
[1 Doppler

This same picture can be viewed from the standpoint of the Doppler shift, on the
transformation of velocity coordinates for the two photons.

The relativistic Doppler shift of the photons from one velocity frame to another is:
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or using the above noted conventions for energy equivalent mass:
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Multiplying the two relations gives:

M;'M,"'=M,M, = constant , (12)
and simple math gets:
|V|1|V|2=(M1+M2) ;(Ml_MZ) , (13)
and:
1{!) _ LMZZ _ M_g (14)
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which is the same as the above relation, found for conformance to relativistic kinematics, the
model thus transforms properly.

Il Four Momentum

Defining the photon mass as in Eq.(5), moving along null vectors in the opposite direction the
null four-momentum of two opposite going photons previously defined for the particle in the
geometric algebra matrix form is:

—

P, =m,( v"c, +v°c) (15)
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P, = mz( —7c + VOC) (16)

Presuming these two photons are co-located, the square of the sum of the two null vectorsis
necessarily constant and is:

(m, + m2)2 —(m, - m2)2 =4mm, =m,’ (17)



The magnitude of each of these null four-momentum is zero for covariance, and the sum of two
such moments must be constant. Thus m, must be invariant fixed quantity associated with the

pair of opposite going photons. If thisis defined as arest mass then it is easy to identify:
2
(m,+m,) =m,, (18)

as the total mass. Factoring the total mass from Eq.(17), gives:

(ml + m2)2 ll_wl =m,’ (19)
m, +m,)
Noting that:
(m,—m,)
(m, +m,) (20)

is the ratio of the velocity of each photon to the velocity of the center of mass.

(m,—m,)v, =(m, +m,)c (21)
This makes Eq.(19), the relativistic energy equation for a mass particle.

2 v? 2
m~| 1- pos =m, (22)
It can thus be asserted that two light speed photons, or other confined zero rest mass particles,
have the property of a mass particle, with mass energy equivalent to the energy of the
individual particles.

IV Electron-Positron Annihilation
The above relations give the proper Mechanical result for the electron-positron annihilation.

That is, as two particles merge the velocity of each increase to ¢ and become two opposite
going photons. In asimplistic description as the pair merge, the left going photons in the two



particles, and the right going photons in the two particles, constructively and destructively
interfere giving two opposite going free photons.

V Gravitation

The paper [1] on atheory of gravitation with locally conserved energy shows atheory in which
the total energy of a particle in agravitational potential is not changed. The kinetic velocity
Increases at the expense of the rest energy but the total energy remains the same. The
dependence of the rest mass on the gravitational potential is:

mio=m§[1—$j , 23)

where M, isthe rest mass of a particle in free space and M, isthe local rest mass of that
particle in the gravitational potential at a distance r. putting Eq.(23), into Eq.(19), gives:

(m, +m,) {1%} _m? (1_%j2 (24)
or
Mz(l—Z—jj:Mf{ —%jz (25)

From that paper and [2] the local speed of light in alocally conserved gravitational field is
deduced from Eq.(23), to be:

cC = co(l—%j (26)
Cy isthe speed of light in free space and c isthe local value. Thisis slightly different from the

GR equivalent expression for flat space which isisjust the first two terms, [4]. Inserting this
into Eq.(25), gives:



(m, + mz)z(l—v—zjzmgci (27)

If aparticleisfalling in a conservative field the total energy remains constant, and if the initial
value of the velocity is zero, then the mass remains equal to the initial rest mass. i.e.:

(m,+m,)=m, (28)

From Eq.(17), the rest mass in terms of the masses of the individual photonsis:

4mm, = mozci (29)
0

Eliminating m, in Eq., by use of Eq., gives:

4m, (m, —m, ) =m,? a (30)
CO

Solving for the mass of the mass of one of the single photons, m, gives:

mZ—mm, + Emoziz 0, (31)
CO

The quadratic solution of thisis:

ml=£m01(14_r 1—£j (32
2 s

Since the initial mass of the total particle m,,, istwice the initial mass of the M, photon then
the mass change in the internal photon is:

Mo "M _, [S%=C (33
mOl CO
or:
Amly2 . _C (34)




Eq.(25), is the relation between the constant total mass, which is the same as the rest mass.
Eq.(34), is the change of the mass from one internal photon to another inside the particle as a
function of the change in the speed of light. From Eq.(24), it is clear that it represents a change
in the velocity of the particle without a change in energy. The in-going photon has the + sign
and the outgoing is the — sign.

Origin of Gravitation

The above expression, Eq.(34), may not seem all that impressive, but does have profound
implications, the change in the kinetic energy of a particle is effectuated by the gradient of the
velocity of light, but the total energy is not changed.

Conceptually, this seems simple accept that there is no work done on the particle as the particle
enters the potential, no energy exchanged, and thus gravity is not aforce at all. The velocity
has increased at the expense of the rest mass. The change in ¢ provides the mechanism by
which a conservative gravitational potential effectuates a change in the velocity of a particle
without contributing energy.

The effect of gravitation on a particleisthus, induced in the particle by the gradient in
the speed of light. Newton’s apple falls not because of a decrease in energy, but because the
speed of light at the branch is higher than the speed of light at the ground.

It has long been known that a photon obeying Fermat’ s principle, with a speed defined by
Eq.(26), exhibits the proper trajectory [3], and from this development the same changein c
induces the proper gravitational motion in particles. The concept of gravitation thus reduces
to the presence of a gravitating mass, altering the velocity of light in itsvicinity, and is not
aforceat all.

It is asserted that EQ.(34), represents a cause-effect relation between particle motion and the
speed of light that constitutesthe origin of gravitation.

I mplications



If there is no energy exchanged by gravitating particles, then there is, as pointed out earlier, no
guantization of gravitational energy, and no gravitons or gravitational radiation. Thisis
consistent with the fact that despite exceptional effort there has been no detection of
gravitational radiation, and from this development it would be difficult to envision how a
gradient in ¢ could be propagated.

It iswell known and experimentally verified, however that gravitating masses do lose orbital
energy. If it is as asserted here, not possible for gravitational waves to carry the energy away
from the system, then the search for gravitationally transmitted energy should be conducted in
the electromagnetic spectrum.

QFT Origin of Gravitation?

Consider athought experiment in which here is a cavity with opposing mirrors. If photons are
injected and trapped between the mirrors, from the conservation of energy, the mass of the
apparatus has increased. It is not without precedent that photons oscillating in a cavity are
noted as having mass [4]. The photons thus having mass, must originate gravitation, but being
just photons bouncing back and forth from one mirror to another in a cavity having no ascribed
interaction, how does this result?

It has been asserted here that gravity is generated by an alteration of the speed of light. The
possible mechanism for this in the vicinity of oscillating photons is by mechanisms of quantum
electrodynamics. From the work of D. Kharzeeva, et.a, [5] it is shown that for an intense laser
beam the QFT effects related to electron—positron loops induce vacuum “ self-focusing” which
can be interpreted as a slowing down in the vacuum speed of light in the vicinity of the beam.
The photons reflecting back and forth in the here discussed particle, constitute an intense
repetitive beam orders of magnitude greater than a laser, and as such have path action that can
find the photons having a path probability far outside the trapped zone [6]. It is asserted that
this slow down of ¢ in proximity of oscillating light speed particles, could be the mechanism
that generates the effect of gravitation between massive particles.

“1f” the reduction in c in the vicinity of photons oscillating in a massless box can be found by
methods of QFT to be:



C =g, (1—Gh7wj2 (35)

cT

then the gravitational constant is calculated, and the riddle of gravitation is solved.

It could be argued that the photons are not observed outside the massless box, and thus unable
to affect c, but as in the case of the Aharonov—Bohm effect the underlying coupling of the
electromagnetic potential with the complex phase illustrates the effect of the probability path
action of a particle is non local and present outside the local area even if the particle presence
is shielded [7].

Conclusion

The concurring points of similarity of the opposite going photons in a massless box model and
the particles are consistent with:

1) The deBroglie wavelength.

2) The Compton wavelength

3) The zero velocity rest mass

4) The total energy

5) Velocity transforms

6) Local conservation of Gravitation

Using a reflecting container is somewhat artificial, but asin the case of the transformation of
momentum between velocity frames, the gross mechanics do not depend on the internal
structure. All of the real internal constraints such as spin, energy, etc, which may be important
to the actual mechanics of holding a particle together are not necessary to understand the
concept. The dynamics of the center of mass of the two photons is the same whether the
photons are confined or not, and it is easy to understand from this model why mass particles do
not exceed the speed of light. A mechanism for producing the effects of gravitation on such a
particle has been offered that could lie within the scope of the effects generated by QFT.
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