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Rethinking the Concept of Space-Timein the General Theory of Relativity:
The Deflection of Starlight and the Gravitational Red Shift

Randy Wayne
Laboratory of Natural Philosophy, Department of Ri@8iology, Cornell University, Ithaca, New YorkSA

In order to confirm the prediction of the Gener&le®dry of Relativity that space and time are relatine that matter
warps a dynamic space-time continuum that surroitpd&nstein suggested two optical tests: one dpeire gravitational
deflection of starlight, and the second being thavigational red shift. The tests confirmed thedicBons of the General
Theory of Relativity. The observational results foe deflection of starlight were inconsistent witie predictions of
Newtonian theory as developed by Soldner, and thetdhian theory developed by Laplace was not rigerenough to
account for the observational results of the gedighal red shift. Both observational results carekglained equally well
by (1) the General Theory of Relativity, which asssrthat photons submissively propagate throughhardic space-time
continuum, which is warped by the presence of mattre(2) the theory presented here, which assuhwshe photon itself
has dynamic properties and it propagates througolate Euclidean space and Newtonian time. Thenskedternative,
which can explain the deflection of starlight, travitational red shift, gravitational lensing, atidck synchronization in
the Global Positioning System (GPS) has the adgantd encompassing many of the dynamical propediigghotons that

were neither known to Newton nor employed by Einste

1. Introduction: Two Optical Phenomena that
areInfluenced by Gravity

According to the General Theory of Relativity,
gravity influences both the motion and the spectral
properties of light, not by acting on light itself,
which is considered to be composed of point-like
photons, but by directly acting on a dynamic space-
time continuum though which the light
submissively propagates. After giving a short
introduction to these two optical phenomena, the
first of which is considered to be tle&perimentum
crucisin favor of the General Theory of Relativity,

I will present an alternative explanation of the
effect of gravity on light based on some known and
proposed dynamical properties of the photon. In
essence, | put the mechanics back into the quantum
mechanics of light and take the mechanics out of
the description of space and time. This approach
has already allowed me to use the dynamic
properties of light to describe and explain why
charged particles and/or particles with a magnetic
moment cannot exceed the speed of light—without
assuming the relativity of space and time posited
by the Special Theory of Relativity [1].

Gravity affects the motion of light, which Isaac
Newton [2] may have been thinking about when he
asked, Do not Bodies act upon Light at a distance,
and by their action bend its Rays; and is not this
action (caeteris paribus) strongest at the least
distance? Subsequently, Johann Georg von
Soldner calculated that the deflection of starligit

the sun would amount to 0.84 arcsecdndy
treating ‘a light ray as a heavy botlyand using
Newton’s Law of Universal Gravitation [4-12]. At
the time, the predicted deflection was technically
unobservable and the paper was forgotten.
Approximately a century later, Albert Einstein
[13,14], in his initial development of the General
Theory of Relativity, assumed that gravity did not
influence light itself, but the space-time contimuu
through which the light propagated. According to
Einstein, the speed of light would slow as the
starlight propagated through the gravitationaldfiel
of a massive body and this slowing, according to
Huygens’ Principle, would result in the bending of
light. Einstein first calculated that the starlight
propagating through the gravitational field of the
sun would be deflected by 0.83 arcseconds.
However, after Einstein [15,16] completed the
General Theory of Relativity, he deduced that a
gravitational mass would also cause a curvature of
space itself, and he doubled the predicted
magnitude of the deflection of starlight by the sun
to 1.7 arcseconds. While Newton and Soldner
considered gravity to act dynamically on light
propagating through absolute space and time,
Einstein considered matter to warp a dynamic and
relative space-time continuum so that the apparent
force of gravity was actually a result of the antio

! Note that small differences in the values of the
deflection result from historical differences irethalues

of the constants used to derive the magnitude ef th
deflection [3].
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of matter on the geometry of sp-time through
which the point-like photonthat made up thlight
submissively propagated.

Realizing that he couldise the deflection ¢
starlight by the sun to test the veracity of
logical, elegant, and beautiful equals of the
General Theory of Relativitythat predicted th
influence of matter on the curvature of sf-time
[17-20|, Arthur Eddington helped oanize
expalitions that would test Einstein’s Gene
Theory of Relativityby observing the position 1
the stars during a total eclipse of the sun. 1). In
such a test, the positions of the stars in thel
near the sun that would be visible durir solar
eclipse would be compared with the positions
the same stars observed at night, at a differem
of year, when the sun’'s gravity no long
influenced the starlight traveling from the staos
the earth.Caeteris paribusthe difference in th
positions of the stars would be attribute to the
gravitational deflection of starligfi21].

The observational resultgere inconsistent wit
the “single deflection” predicted by Newtoni
theory as developed by Soldner eupported the
“double deflection'predicted by Einstein’s Genel
Theory of Relativity [22-28],and since then, tF
gravitational bending of light by the sun has b
and is still considered to be one of the cru
observations in support of the assumption that
space-time continuum idynamic andwarped by
matter as posited by Einstein’s General Theor
Relativity. R. J. Trumpler [Z9wrote. “No other
theory is at present able to account for
numerical values of the observed displacems
The assumption that there is anwaltcurvature o
space in the immediate surroundings of the :
which is implied in Einstein’s theory, seems ind
to furnish the only satisfactory explanation whg
observed light deflections are twice as large
those predicted on the basis of Nen's theory.”
By taking into consideration dynamical proper
of light unknown to Newton and not employed
Einstein, | canexplain the observed “douk
deflection” of starlightwithout invoking a dynami
spacetime continuum that can be warped by
presence of matter.

184

Fig.1: The deflection of starlight. As a result the
gravitational attraction of the sun, starlight cased of
photons is deflected as it passes close to the
Consequently, the source (solid star) of the star
appears to be displaced by and to the position marked
by the dotted starThe predictd magnitude of the
deflection depends othe assumptions concern the
nature of light, time and spacAngle ¢ is determined
from solvingthe equation for a hyperbcfor g, which is
related to the eccentricity)(of the hyperbolic trajecto,
and whichis obtained as a term in the equaltof motion
of the trajectoryof starlight through the gravitation
field of the sunThe solid line extending from ttactual
position of thestar to the telescope is described by
equation of motiorof the trajecory of starlight which
gives the dependence af upon 6. The predicted
trajectories evaluated from O ta radian;, are given by
Eqgns. (22) and (A14).

Gravity also affects the spectral proper of
light. The spectral properties dight were first
revealed bylsaac Newton[30] when he used a
prism to show that a beam sunlight was
composed of a continuous cctrum of colors. In
order to understand holight emanating fror stars
would be influenced by gravityJoseph Priestley
[31], John Michell [32] anc Pierre-Simon Laplace
[33] postulated that the particles of light emana
from a fixed star would be gravitationally attrat
to the star according to Newton’s LawUniversal
Gravitationin the same manner that any other b
with a vis inertiag or inertial mass, would
attracted to a gravitational masConsequently,
they surmised thahe velocity of lightemitted by a
star would be diminished by the gravitatior
attraction.

In order to explain the effect of gravity onht,
Albert Einstein [13,15,385,36] extended the
principle of relativity that he used to descr
uniform motion in his Special Theory of Relativ
to accelerated motiorAccording to Einstein15],
the period of timed) in a gravitational potentiatl

= %) was related to the period of time) (n a

reference system at = o by the following
equation:
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o=t(1-3)=1( + ) (1)

Einstein [15] concluded thatthe clock goes
more slowly if set up in the neighbourhood of
ponderable masses. From this it follows that the
spectral lines of light reaching us from the sugac
of large stars must appear displaced towards the
red end of the spectruin.

In the next section | will discuss some of the
known and reasonably proposed dynamical
properties of photons [37]. By taking into
consideration these dynamical properties, | provide
an alternative explanation for the influence of
matter on the motion and spectral properties of
light that do not depend on the warping of a
dynamic space-time continuum by matter as
postulated by the General Theory of Relativity.

2. Results
2.1.

The existence of radiation pressure [38] is an
indication that photons are dynamic entities and
that they carry linear momentum. The magnitude of
the linear momentum of a photon depends on the
wavelength or frequency of the photon and

according to quantum theory is given %))[39] or

Thedynamical properties of photons

th [40]. Classical physics also entertains the
possibility that light possesses angular momentum
[41]. Angular momentum was originally known as
the moment of momentum, which emphasized the
importance of a radial extension. The spin angular
momentum for each and every photon is equé%to

[42-51]. Interestingly, the spin angular momentum
is unique in that it is the only property sharedally

photons, independent of their frequency and
wavelength.
John Nicholson [52,53] introduced the

importance of angular momentum in understanding
the characteristic spectrum of atoms, and
interpreted Planck’s constant, asreatural unit of
angular momentunfb4],” indicating that angular
momentum might be quantized anthe angular
momentum of an atom can only rise or fall by
discrete amounts when electrons leave or return.”
Niels Bohr [55] applied Nicholson’s idea of
guantized angular momentum to Rutherford’s
planetary model of the atom [56], and wrota “
any molecular system consisting of positive nuclei
and electrons in which the nuclei are at rest
relative to each other and the electrons move in
circular orbits, the angular momentum of every
electron round the centre of its orbit will in the
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permanent state of the system be equal ta,h/2
where h is Planck’s constaht According to
Arnold Sommerfeld [57], “.in the process of
emission..., we demanded...the conservation of
energy. The energy that is made available by the
atom should be entirely accounted for in the energy
of radiationv, which is, according to the quantum
theory of the oscillator, equal tovhWith the same
right, we now demand the conservation of
momentum and of moment of momentum: if in a
change of configuration of the atom, its momentum
or moment of momentum alters, then these
guantities are to be reproduced entirely and
unweakened in the momentum and moment of
momentum of the radiation.

The spin angular momentum of photons is basic
for understanding the selection rules that describe
the atomic spectra for emission and absorption that
demand conservation of angular momentum
between a photon and the atomic absorber or
emitter [58-62]. Thus, each photon carries both
linear momentum and spin angular momentum,
which can be either parallel or antiparallel to its
direction of motion [63]. Angular momentum is
one of the fundamental concepts of physics [64-
66], and if indeed, a photon has extension in the
radial direction, as suggested by Lorentz [67] and
Millikan [68], in order to explain interference
phenomena; and Wayne [1,37,69], in order to
explain the observed arrow of time and why
charged particles cannot exceed the speed of light,
then spin angular momentum will represent
rotational motion of or within the photon.

| propose that the existence of the spin angular
momentum of a photon is an indication of the
potential, for a general theory of optical
phenomena, to consider the rotational motion of a
photon in addition to its translational motion. §hi
opportunity is analogous to the one seized initiall
by Rudolf Clausius [70] who provided an
explanation of the observed values of specific heat
by treating molecules as having both translational
and rotational motions. Prior to Clausius’
consideration of rotational motion, the mechanical
theory of heat [71-73], which only took into
consideration the translational motions of
molecules, could not describe the observed specific
heats of diatomic gases. The inclusion of rotationa
motion brought the predictions of the mechanical
theory of heat closer to the observed values. James
Clerk Maxwell [74] further utilized the concept of
the equipartition of energy when he asserted that i
ideal gases, the energy of rotation was equalédo th
energy of translation. In his study of the specific
heat of solids, Ludwig Boltzmann [75-77]
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generalized the equipartition theorem to say that
the average energy of all systems was equally
divided among all the independent components of
motion, including the potential and kinetic enesgie
of oscillators. Lord Rayleigh and James Jeans
extended the equipartition theorem to describe the
distribution and polarization of black body
radiation [78-84].

The total energy () of a photon can be
transferred to or from an atom when the photon is
destroyed or created upon absorption or emission,
respectively. In optical processes that do not
depend on absorption, it is possible that onlygart
of the total energy may be relevant in describing
and explaining the phenomenon. | consider the
photon in free space to be an adiabatic
thermodynamic system composed of a longitudinal
oscillator, containing potential and kinetic energy
and a rotational oscillator, containing potentiatla
kinetic energy [37]. The two orthogonal oscillators
are in thermal equilibrium and, by extension of the
equipartition theory; the total energy of the plmto
is equally distributed among the four degrees of
freedom.

By using the equipartition theorem and taking
the assumed rotational as well as the translational
properties of the photon propagating through
absolute Euclidean space and Newtonian time into
consideration when deriving the equation of
motion, in the next section | will show that the
observed magnitude of the gravitational deflection
of starlight, which was thexperimentum crucis
favor of the General Theory of Relativity, can be
described and explained without invoking the
General Theory of Relativity that posits that matte
induces a curvature of a dynamical space-time
continuum that results in the hyperbolic trajectory
that starlight takes around the sun. The ability to
describe and explain the observed “double
deflection” of starlight lends support to the véld
of the complex, dynamical model of the photon,
and its movement through absolute Euclidean
space and absolute Newtonian time.

My approach to formulate an equation of
motion for a photon moving through a gravitational
field is analogous to the approach used to forreulat
an equation of motion that describes, explains, and
predicts the trajectory of an artillery shell biitey
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the rotational as well as the translational motén
the projectile into consideration [85-90]. The oati
of rotational motion to translational motion of
projectiles is not constrained by the equipartition
theory. Consequently, the goal of ballistic reskarc
and artillery science is to find the rifling twidtat

is just sufficient to provide the rotational motion
necessary to stabilize the projectile while
minimizing the loss of translational kinetic energy
By contrast, | assume in developing the equation of
motion that describes the trajectory of a photon
through a gravitational field that the equipartitio
theorem is applicable to photons and that the
rotational kinetic energy of a photon is equaltto i
translational kinetic energy.

2.2.  Using dynamical photonsto analyze the
deflection of starlight

In Einstein’s [40,91,92] theory of light, the
mechanical properties of the quantum of light,
including energy and momentum, were described
guantitatively and completely with elegant
simplicity by point-like properties ofvhand hi/c,
respectively. However the lack of any predicted
internal structure of the photon limited one’s &pil

to visualize optical processes in mechanical terms
and this may have had the unintended consequence
of obscuring many of the unsolved mysteries
inherent in the wave-particle duality. Realizing th
inadequacy of his theory of light, Einstein [93]
wrote to Lorentz in 1909 stating th&t,am not at

all of the opinion that one should think of light a
being composed of mutually independent quanta
localized in relatively small spacesWhile, it has
been productive at first to treat atoms and the
elementary particles that comprise them as ideal,
point-like particles propelled by forces through
empty space much like the earth is propelled
around the sunfFermi and Yang [94] considered
the possibility that some particles may not be
elementary. Here | consider the possibility that th
photon is not an elementary particle, but a
composite structure, as proposed by William
Bragg, Louis de Broglie, Pascual Jordan, Max Born
and others [95-124], with internal motions [37]. |
propose that the energy is equipartitioned between
each degree of freedom (Fig. 2).
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Fig.2: A model of the photon described in terms ce equipartition of energyAccording to m' model of a photon, the
photon is composed of two complementary particlége complementary particles form a harmonic odoitl¢hat vibrate:
in the longitudinal direction, parallel to the pegmtion vector as it rotates orthogdy to the propagatiovector [37].
Absorption consists of the elimination of the photnd a transfer of its total energy) to the absorber, while emissi
consists of the creation of a photon that resuttsfthe transfer of energyv) from the emitter to the photoThe energy
integral that describes the trajectory of a phatoa gravitational field makes use of the kinetortn of the translaonal
energy to describe the kinetic energy of the phoByncontrast, the gravitational energy of the phatsed in the nergy
integral results from the interaction of the gratidnal field of the sun with the total energy loé photon.

The total energy E) of a photo, which
includes both translationatnergy androtational
energy, is given bthe following equatior

E =hv (2

Where, h is equal tothe amount of enerc
required to create a photaturing the emissio
process and isalso the amount of ener
transferred from a photon to matter during
absorption process. The lineanomentumof a

photon is given b)}/‘g. The relationship between t

total energy of a photon and total momentip) of
a photon [125], as measuredgroceses in which
the photon is absorbed, is:

p == 3)
When we definghe momentum of a photon
a dynamical quantity given bthe product of it
apparent massr) and its velocity (¢, we get:
p=mc (4)
By equating Eqn. (3) and Eq4), we get the
well-known relationshipbetween mass and enel

[126]:

E = mc? (5)

Solving for the apparent masm) or a photon, we
get:

m:%:izg (6)

When starlight, composed ' photons, passes
near a massive body, it will be subjed to the
gravitational bindingenergy of that bodyl assume
that te gravitational binding energy acts on
total mass-energy ofhe photo (Fig. 3). This
assumption is supported ltye agreement betwe:
theory and observation irmy analysis of the
gravitational red shift given in the next secl.
Following the thinking of Christan Huygens
[127-130], who was workingon describing and
explaining the motion of a pendulum clocthe
gravitational binding energy will cause a sol
particle to be deflected in the radial direct
toward the massive body instead of continuing
the tangential directiorif the translational kinetic
energy of the photon is greater than
gravitational bindingenerg' such that the total
orbital energyof the photonis greater than zero
(Eorvitar > 0), the photon will follow n unbounded
andhyperbolic path around the massive k [131-
133]. Indeed the word, hyperbola is derived fr
the Greek word, UnepBolr, which means
overthrown. Consequentlyhe position of the star
will appear to an observer to be disple from its
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actual position (Fig. 1) The displacement wi
depend in parton the relationship between t
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(M) and a photon with apparent mi(m) separated
by a center-taenter distanc(r) is given by:

translational kinetic energgf the photonand the
gravitational binding energyThe gravitationa Egravitational = _GMm )
binding energy between a largeavitational mas r

Total Mass
(hv/c?)
Translational Mass Rotational Mass
(hv/2¢?) (hv/2c?)
Potential Mass Kinetic Mass Kinetic Mass Potential Mass

(hv/de?) (hv/4c?) (hv/dc?) (hv/4¢?)

Orbital Angular Momentum ((hv/2c2)cR) Spin Angular Momentum (h)

Gravitational Binding Energy (GMhv/c2R)

Fig.3: A model of the photon described in terms of equifian of mas-energy.Using the mas-energy relationin = %

given by Eqn. (6)and applying the equipartition theorem, the masthefphoton can be partitioned equally betweer
longitudinal harmonic oscillator and the rotatioharmonic oscillator. | propose that the orbitadya@ar momentum resul
from the translational massi@ the spin angular momentum results from the igitat mas. As demonstrated for the

gravitational red shifgiven in the next sectii, the gravitational potential interacts with th&atonass of the photc

Energy is conserved aket photon propagat
through absolutéEuclidean space and Newtoni
time in its trajectory past a massive bodyhe
energy integral othe orbital enerc, which is a
constant of motion thatkes into consideration tl

translational kinetic energy};(nvz) of the photon
and the gravitational binding energ(—GMTm)

between the massive body and the photon is ¢
by:

1
Eorbital = va - T (8)

Using polar coordinates and decomposing
translational kinetic energy intthe radial r) and
tangential §) components, we get:

2 2
1 dr 1 9 (d6 GMm
Eorpitar = ;m(;) + omr (;) -— 9

Egn. (9)is a statement of the conservation
energy. As the photon passes a massive t
orbital angular momentum is alsconservedThe
orbital angular momentum of a photon following
hyperbolic trajectory as it approaches the su
given in terms of its apparent mass, its velocitgt
the impact parameter, where the impact paran
is the perpendicular distance betwehe center of
force (f, in Fig. ) and the incident veloci [132].
The trajectory of the photcis restricted to a plane
defined by the radius vector of the gravitatic
field and the translational velocity vector of |
photon. Since there is no force perpendicular i®
plane, the orbital angular momentum of the phc
is conservedThus the orbital ngular momentum
forms an orbital angular momentum integral of
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trajectory of the photon, much like the orbital
energy forms the energy integral of the trajectory.
The two integrals, which are based on conservation
of energy and conservation of angular momentum,
respectively, act as adjustable parameters, which
along with the initial conditions;, andé,, yield a
complete solution to the photon’s trajectory in
terms of the two degrees of freedomandé. The
orbital angular momentum discussed here is not the
same as the orbital angular momentum of light
beams produced by lasers [134,135]. In the case for
photons grazing the limb of the sun, as described
here, the impact parameter, which is equivalent to
the moment of inertia, is given by the radius & th
sun,R.

| assume that only the translational mass, which
is half of the total mass, contributes to the aibit
angular momentum when a photon propagates in a
trajectory around the sun (Fig. 3). The rotational
motion of the photon, although present and
ubiquitous, is a spinning motion and does not
contribute to its orbital angular momentum.

Sincev = (%)r, the orbital angular momentum
integral, which is a constant of motion based @n th
conservation of angular momentum, can be written

like so:

1 dae
Lorbital = Emvr = % (E) (10)

After rearranging Eqn. (10), we get:
49 _ 2Lorbital (11)

dt mr2

2
Where, %is the moment of inertia.After

substituting Eqn. (11) into Eqn. (9), and cancgllin
like terms, Eqn.q) can then be rewritten as:

1 (dr\? Lorbital® GMm
Eorpirar = 7m () + (Fbiel) - 22 (12)
. dar
After solving for;, we get:
E_ T [4Eorbital _ (4L0rbitalz) 4GM
dt +\/ m m2r2 + T (13)

We can eliminate the time dependence inherent
in the energy integral and the angular momentum
integral given in Egns. (13) and (11), respectively
by using the chain rule to combine these equations.
This gives us thesquation for the shape of the
trajectory in terms of the change in the polar angl
with respect to the change in the radial distance
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do _ dodt
dr _ dtdr

2Lorbital
2
mrz\/4Eorbital _ <4Lorlz7it2al )+4GM
r T

(14)

=F

In order to integrate Eqn. (14), we separate the
variables and simplify:

2
(Lorbital ) ( 1 )
r Lorbital

Lorbital \°> , GMm2
\/[mEorbital _( Orrl 4 ) T

fdo=F] dr

(15)

We can conveniently integrate Eqn. (15) after
substitutingu = L"”’T‘“” and simplifying:

du

+J \/{_ o

6(r)—06,=

U+ MEorpital ]

(16)

Lorbpital

Where, 6, is the constant of integration. This
integral can be solved using the following formula
from a Table of Integrals:

du 2au+b

. aw 1 -1 2autb

if [- au?+ bu+c] t V-a sin [/b2—4ac (17)
2

Where,a=-1,b = CMm”_ andc = mE, and we take

orbital

the negative solutidrnto yield the concave portion
of the hyperbola relative to the origin and evatdat
from O ton as shown in Fig. 1. After substituting
the values for a, b, and c into Egn. (17), we get:

[ _Lorbital GMm? ]
0(r) =06, — sin~! r Lorbital (18)
2 \2
j(%) + 4MmEorpital
After taking the sine of both sides, we get:
Lorbital GMm?2
sin(0) =sin(6,) — r Lorbital (19)
2 \2
\/(Lgleal) +4mEorpital

Becausain(0) = 0, by settingd, = 0, we get:

Lorbital _ GMm?2
. r L, i
sin@ = orbital (20)
( GMm? )2+ 4ME oy
Lorbital orbital

2 The positive solution applies to the concave tiajey
of starlight on the opposite side of the sun.
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After rearranging, we get:

2
Lorpital _ _GMm

r Lorbital

2
+\/( GMm? ) + 4mE, pitq SN0 (21)

Lorbital

Next we rewrite Eqn. (21) in order to getas a
function ofé:

2
Lorbital
GMm?2

r = (22)

GZMImt sin 6

1 +\/1+ 4mLorpitai’Eorbital

Egn. (22) has the form of an equation for a
conic section where one focus is at the origin. The
focus is placed at the origin of the polar coorténa
system because this point is described by the
unique characteristic that every point in the
trajectory taken by the photon is attracted towards
the focal point by a force inversely proportional t
the square of the distance between the focal point
and the photon. The utility of the equation for a
conic section comes from its ability to transform
the characterization of the deflection of starlight
from the polar coordinate system where the sun is
at the center to a coordinate system of the observe
where the sun is at the focus. In the initial
condition, when8 =6, =0, r = r, = co. When
the energy integral, E,pitr > 0, and the
eccentricity €) or degree of spread, > 1, the
equation describes a hyperbola in polar coordinates
where:

a

(23)

r= 1+ ¢esinf
and wherex is the semi-latus rectum, which is one
half of the length of the chord passing through the
focus and parallel to the directriXhe semi-latus

2
rectum is equal té%. The magnitude of the

semi-latus rectum is inversely proportional to the
Y

magnitude of the gravitational force. Whes- >

r intersects the ordinate at= % By comparing

Egn. (22) with Eqn. (23), we see that eccentricity
(¢) is given by:

(24)

2
e= 1+ 4mLorb2itaé E:rbital
GeM*“m
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constants of

_ 1 mcR
= -mvr = -—
2 2

Eorbital and Lorbital are

integration. By lettingL,,pita

wherev = c, the speed of light, and= R, the
radius of the sun, we get:

g:\/1+ 4mmzcszEorbiml:\/1+

4G2M2Zm*

c2R?Egrpital
GZM2m

(25)
By letting Eypirar = imvz - GMTm = Imc? —

4
GMTm, wherev = c, the speed of light, amd= R,

the radius of the sun, we get:

_ c2R?mc?  c2R2GMm
€= \/1 Y ewm T e
c*R? c2R
= 1 + _4GZM2 - W (26)
c*R? c?R
Where, — — =5.5454936 x 1§ and = =
4G*M 42 5 GM
4709774353 x 1C. Since =~ » <X and
R 4G<M GM
REIYE) > 1,
- c*RZ %R
€=\ 12 =~ 2em (27)
After taking the reciprocal, we get:
§ = Zc‘j—’;’ = 4.246487942 x 10 (28)

The final formula is independent of the mass of
the photon, indicating that the gravitational
deflection of starlight should not be a source of
chromatic aberration. Thus the gravitational cause
of the bending of starlight by the sun can be
distinguished from the refraction of starlight et
radial gradient in refractive index that existsnfro
the sun. The independence of the final formula on
the mass of the photon further helps to justify the
assumption, implicit in the derivation, that thesma
of the photon remains constant. From the properties
of a conic section, we can obtdin

B = cos™ () = 89.99975669°

- (29)

Given that one degree equals 3600 arcseconds,
we can obtain the predicted angle of deflecti®n (
from B given in Eqn. (29) and from the relations
shown in Fig. 1:
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8= 180° - 28 = 4.86612 x 10°

= 1.75 arcseconds  (30)
which is the same as the value of the “double
deflection” predicted by Einstein’s General Theory
of Relativity and observed by astronomers [22-24].
The generalized energy and angular momentum
integrals, for a generalized photon propagating
through the gravitational field of the sun, areegiv

by:

Eorpital = 52 (31)

and

m

L =L mor = (da) r?
orbital N N \dt

(32)
Where, N characterizes the assumptions used to
equipartition the mass-energy of the photon. N = 1
for a simple corpuscular photon with translational
motion only, and N = 2 for a complex photon with
translational and rotational motion. The predicted
deflection for a simple Newtonian corpuscle that
lacks rotational motion is given in Appendix 1.
Using this derivation, the predicted deflection &or
Newtonian corpuscle that lacks rotational motion is
calculated to be equal to one-half the deflection
calculated for a photon whose mass-energy is
equipartitioned between its translational and
rotational oscillating components. While my
analysis leaves us ignorant of the physical
mechanism by which the gravitational force acts
between the sun and the photon [136,137], any
putative physical mechanism is no less mysterious
than the physical mechanism that must be imagined
to explain how matter can warp a dynamic space-
time continuum.

The correspondence between the predicted
magnitude of the “double deflection” of starlight
based on the assumptions of a complex and
dynamic photon and the observed results supports
the validity of the assumption of a complex and
dynamical photon moving through absolute
Euclidean space and Newtonian time. While | have
used the composite nature of the photon to derive
the observed gravitational deflection of starlipkt
the sun, | shall now use the observed deflection of
starlight by the sun to refine my model of the
photon [37], which did not take advantage of the
constraints provided on the structure of a photpn b
the equipartition theorem. If we consider the
observed gravitational deflection of starlight by t
sun to be evidence for the equipartition of mass-
energy between the translational and rotational
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harmonic oscillators of the photon, then, the value
of the radiusr) and the geometrical cross sectional
area §) of the photon [1,37] must be revised.
Given that the spin angular momentum of a photon
is equal toh, in previous publications, | calculated
the radius and geometrical cross section of the

2
photon to be% andj—n, respectively, without taking

into consideration that only one-half of the total
mass-energy of the photon participates in the spin
angular momentum [1,37]. Thus the revised radius
of the photon is calculated from the following
equation:

2 2
mr hwr
h - -

(J) =
2 2¢2

(33)

Where,w is the angular frequency of the rotational
harmonic oscillator. Solving for the square of the
radius, we get:

2 2
2= (34)
Since ¢ =% within a given inertial frame, Eqgn. (34)
becomes:

(35)
Where k is the wave number of the photon, and

r=—

- (36)

Sincek = 27" where 1 is the wavelength of the
photon,

V22
and the refined estimate of the radius of the photo
is V2 times greater than the previous estimate
[1,37]. Given that the geometrical cross sectional
area is equal tar?, by taking the equipartition of
mass-energy into consideration, the geometrical
cross sectional area of a photon will be:

0=1T(@)2=£ (38)

2T 2m

and the refined estimate of the geometrical cross
sectional area of a photon is two times greaten tha
the previous estimate [1,37]. Consequently, the
dissipative, optomechnical Doppler force, which
opposes the acceleration of particles with a charge
and/or a magnetic moment, and will give a
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preferred direction to the arrow of time, will be
twice as large as that previously calculated [1,69]
The theory to explain the gravitational

deflection of starlight proffered here, which is
based on a model of a complex and dynamic
photon with translational and rotational motion
propagating through absolute Euclidean space and
Newtonian time, is equally applicable in describing
and explaining gravitational lensing, where a
massive body such as a galaxy or a black hole
between an observer and a distant source such as a
guasar results in the gravitational deflectioniglfit
[138-143]. Heretofore, gravitational lensing has
been viewed exclusively as a confirmation of the
effect of matter in curving a dynamic space-time
continuum.

2.3. Using dynamical photonsto analyze the

gravitational red shift

Using Newton’s Law of Universal Gravitation to
describe and explain the action of gravity on light
Priestley [31], Michell [32], and Laplace [33]
postulated that the corpuscles of light emanating
from a fixed star would be gravitationally attratte
to the star in the same manner that any other body
would be attracted to a gravitational mass. Thely di
not assume, in their dynamical theories, that the
speed of light in a vacuum was constant and
surmised that overcoming the gravitational
attraction would result in a diminution of the
velocity of light. On the other handginstein
assumed that atoms were fundamentally clocks and
that gravity was the apparent effect of matter
warping a dynamical space-time continuum that
surrounded the atomic clock. Consequently, the
frequency of light emitted by an atom would be a
function of the matter-dependent tilt of the space-
time continuum in the location in which the light-
emitting atom existed. In contrast to Einstein, |
assume along with Newton [136] that time is
absolute, and in contrast to Priestley, Michelld an
Laplace, | assume that the speed of light (c) in a
vacuum is invariant and not affected by gravity. |
assume that the invariant speed of light is
exclusively a result of the properties of the vanuu
though which it moves [144], and is characterized
by the electrical permittivitye(,) and the magnetic
permeability f,):

_ 1
C _\/ﬁ (39)

By contrast, | assume that the frequengyafhd
the wavelength }) of an emitted photon, the
product of which equals c, are both affected by
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gravity in such a way that their product remains
invariant:
vi=¢C (40)
The gravitational potential energy between a
gravitational mass M) and a dynamic photon,
being emitted with apparent massn)( and

separated from the gravitational mass by a center-
to-center distanceRy, is given by:

GMm

Eg‘ravitational = T7Rx (41)
Where, G is the gravitational constant and is equal
to 6.67300 x 18 m® kg* s Since the mass of a
photon would have cancelled from both sides of
any equation that described Newtonian mechanics,
the value for the mass of a photon would have been
unknown to Newton. We, however, can express
Egn. (41) in terms of the effect of gravity on a
dynamic photon by using the definition of the
apparent mass of a photon given in Eqgn. (6):

GMhv,,
Rc?

E

gravitational = —

(42)

| assume that during emission by an atom on
the surface of the star, the energy of a photon is
diminished by the work it must do to overcome the
gravitational binding energy of the star in order t
reach an observer antiparallel to the radial
gravitational vectot While the total energy
(E(2)photon) Of @ photon emitted by an atom an
infinite distance from the star would bev(), the
total energy K (R)pnoton) Of the photon emanating
from a gravitational mass when it is at distafte
relative to the center of the gravitational mass is
given byhvg. The difference in the energy of the
photon when it is emitted in a gravitational field
compared with one emitted in the absence of a
gravitational field is given by the following
equation:

3 Since stars can be considered to be an infinitanice
from the earth, here we are only discussing a photo
emitted antiparallel to the radial gravitationact@ by

an atom in the star. Generally speaking, the madaibf
the gravitational diminution will depend quantitey

on the cosine of the angle between the k vectahef
photon and the radial gravitational vector.
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E(R)photon = E(oo)photon + Eg‘ravitational

GMhv,,

= hv, ——= (43)
hvg = hv, — Z= =y, (1 - 24 (44)

The energy integrdbr the emission of a photc
in a gravitational field, whicltonsists of the tot:
energy of a photon emitted at infinity and
gravitational binding energy &, is given inEqgn.
(44). 1t is the adjustable parameter, which ali
with a boundary conditionr(= o0), yields a
complete solution to the frequency of a phc
emitted in a gravitational fieldWe can solve fo
the gravity-induced energghift in the emitted
photon by rearranging Eqn. (44nd cancelling
Planck’s constant:

Vo —VR _ GM
o TR (45)

The frequency of the emitted photon does
only depend on the position of the emitting ator
a gravitational field, but also on the direction
emission since the gvitational binding energ
subtractdrom the energy of a photon emitted in-
direction pointing away frorthe gravitational mas
and adddo the energy of a photon emitted in -
direction pointing towards the gravitational m

(Fig. 4).

Fig.4: The frequency of the emitted photon depend:
the direction of emission since theagitational binding
energy subtractBom the energy of a photon emitted
the direction pointing towards infinity, away frothe
gravitational mass. The photon i®d chifted. The
gravitational binding energy adde the energy of

photon emitted in the direction pointing towardse
center (0) of the gravitational masghe photon is blu
shifted.
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The formula for the gravitational red sh
presented in Eqn. (45)which is based orthe
apparent mass of a photon emitted by an ato
absolute Euclidean space and Newtonian t
Newton’s Law ofUniversal Gravitation, and the
conservation of energy, iindistinguishable from
the formula for the gravitational reshift given by
Einstein [13,145-151 which is based on the
assumption of thenfluence of matter on warpii a
dynamical space-timeontinuum through which
point-like photorsubmissivelypropagates.

Since Eqgn. (45) which is not based on ti
assumption of a poidike photon moving
submissively through a dynamical sp-time
continuum warped by matter, describethe
obseved gravitational red shift [1-156], then the
observedgravitational red shifis not exclusively
and absolutelya confirmation ofthe influence of
matter in warping a dynamic space-time
continuum, but is by the same tokealso a
confirmation of a dynamic phot, whose mass is

equal tom = C—: moving through absolui

Euclidean space andllewtonian time Thus the
relativity of a dynamicspac-time continuum as
postulated by the General Theory of Relativity
sufficient, but not necessary, to explain
observed gravitational red sh

In a pamphlet entitled,ntroduction to Outer
Space [157], written by President Dwigt
Eisenhower’s 8ience Advisory Committe, it is
stated that“Physicists are anxious to run ot
crucial and fairly simple gravity experiment
soon as possible. This experiment will test
important prediction made bEinstein’'s General
Theory of Relativity, namely, that a clock will
faster as the gravitational field around it
reduced. If one of the fantastically accurate chy
using atomic frequencies, were placed in a sate
and should run faster than itcounterparts on
earth, another of Einstein’s great and dari
predictions would be confirmed. (This is not
same as the prediction that any moving clock
appear to a stationary observer to lose t+—a
prediction that physicists already regard as |
confirmed.)”

This pamphlet stimulated terrestrial tests of
gravitational red shift predicted by Einsteil
General Theory of Relativit Robert Pound and
associates [158-1§0performed these tests tt
confirmed the predictions of Einstein’s Gene
Theory of Relativity concerning the gravitatiol
red shift, and set the stage for the synchronia:
of clocks necessary for a Global Position
System (GPB According to David Mernn [151],
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Einstein’s“general theory of relativity, which he
become ofundamental importance in cosmolo
in astrophysics, and evememarkably for &
subject that was long thoughto be of only
intellectual interest-in the very practical matter ¢
how the global positioning system (GPS) oper
here on Earth....his discoverjis] (of crucial
importance for the GPS) that gravity affects

rate at which a clock runs....”"Neil Ashby [1€1]

states the relationship between Einstein’s Ger
Theory of Relativity and the Global Positioni
System even more strongl{fhe GPS syste is, in
effect, a realization of Einstein’s view of spacel
time.”

Eqgn. (45), which wasbtained by considerin
the effect of gravitational binding energy on
energy of an emitted photon, Bpplicable for
calculating the correction needed to synchro
the atomic clocks used in the Global Positior
System (GPS) when they are at various dista
from the center of the earth. The correct
necessary to calculate the frequency shift wine
atomic clock is on the surface of the earth, wi
Reartn IS the radius of the earth, and the of
atomic clocks are on satellites a distaRgatenite
from the center of the earth is given lthe
following equations:

GM T 1 — Vsatellite™ Vearth (46)
¢ “Rearth Rsatellite Vsatellite
-GM 1 1

__ Vearth™ Vsatellite (47)

¢z “Rearth Rsatellite

Vsatellite

Thus the correction needed to synchronize
atomic clocks used in the Global Position
System(GPS) can be determined by combinthe
concept of a dynamic photon whose mass is €

to m = }:—Zwith Newton’s Law of Universal

Gravitation andusing conservation of energy

determine the influence of gravity on tlenergy
content of the emitted photaoffrig. 5). Eqn. (46)
shows that the gwitational binding energadds to
the energyf a photon emitted towas the earth by
an atomic clock o a satellite. Consequently, t
frequency of the photoamitted by an atomic cloc
in the direction of the earth igreater than th
frequency of a photon emittda/ an atomic clocl
on earth in the directiorof the atellite. By
contrast, Eqn. (47) shows ththhe gavitational
binding energy subtractsom the energy of th
photon emittedby an atomic clocktowards the
satellite by an atomic clock on ez As a result,
the frequency of the emitted photis less than the
frequency of a photon emitted by an atomic cl
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on a satellitein the direction of the ear |

conclude that an understanding of the gravital

red shift and the synchronization of clocks for

Global Positioning System does not come from
assumption that time is relative and depends ol
position in a gravitational field that is warped

matter but that the energy of an emitted phc
depends on its position in a gravitational fi

existing in absolute Euclide space and
Newtonian time.

Fig.5: The Global Positioning System (GPS). (A) 1
gravitational binding energincreass the energy of a
photon emitted towardfie earth by an atomic clock or
satellite orbiting the earth. (B) Theavitational binding
energy decreasele energy of a photon emitted towns
the satellite by an atomic clock on the ei Caeteris
paribus the frequency of the signal travelinom the
satellite to the earth igreater than the frequency of 1
signal traveling from the earth to the satel Likewise,
the period or clock rate of the signal travelingnfr the
satellite to the earth ishorter than the period or clo
rate of thesignal traveling from the earth to the sate!

While it is commonly believed that sincthe
Global Positioning System uses the equation
Einstein's relativity theories to synchronize -
clocks, then spactme itself, as proffered b
Einstein’'sTheories of Relativity, must be reive,
curved, and bendable [18%&4], | have shown, it is
possible to derive the formula for t
synchronization of atomic clocks used in
Global Positioning System without invoking t
assumption of the relativity f space-time.
Therefore, the General Theory of Relativity
sufficient, but not necessary, for t
synchronization of atomic clocks utilized for t
functioning of Global Positioning System, athe
GPS system isnot necessarilya realization of
Einsteins view of space and tir as a dynamic
space-time continuum.
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3. Conclusion

The gravitational deflection of starlight by thensu
observed by the expeditions sent out jointly by the
Royal Society of London and the Royal
Astronomical Society on May 29, 1919 is
considered to be one of the crucial and the most
dramatic tests of Einstein’s General Theory of
Relativity [165,166]. The astonishing and
extraordinary nature of the confirmation was
captured by John Burdon Sanderson Haldane [167],
who wrote,“l do not doubt that hgEinstein] will

be believed. A prophet who can give signs in the
heavens is always believed....Einstein has told us
that space, time, and matter are shadows of the
fifth dimension, and the heavens have declared
their glory.” Neverthelesshere | show, that by
taking the known and reasonably proposed
dynamical properties of photons into consideration,
the gravitational deflection of starlight and the
gravitational red shift can be explained in terrhs o
absolute Euclidean space and Newtonian time
without invoking the relativity of time and spade.
suggest that the scientific evidence thought to
solely, exclusively and indubitably support the
relativity of space and time proffered by Einstsin’
General Theory of Relativity is not as strong as we
have heretofore assumed. Perhaps it is time to
qguestion the foundational nature of the General
Theory of Relativity. Such questioning may be
useful for unifying gravitational theory at the
cosmic scale with quantum theories at the
subatomic scale.
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Appendix A

Scattering of a Newtonian Cor puscle Without
Rotational Energy

Unlike the composite photon modeled above, for a
Newtonian corpuscle in free space, there is no
rotational energy and thus the translational keti
energy is equal to the total kinetic enerdyhe
energy integral, which takes into consideration the

translational kinetic energ%(nvz) of a Newtonian
corpuscle and the gravitational binding energy
(- GMTm) between the massive body and the photon
is given by:

Eorpitar = 3 (AL)
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Using polar coordinates and decomposing the
translational kinetic energy into the radia) énd
tangential §) components, we get the equation for
the conservation of energy:

= I () 4 L2 (49)7 (g

E .
orbital 2 dt dt

The orbital angular momentum of a Newtonian
corpuscle following a hyperbolic trajectory as it
approaches the sun is conserved and is given in
terms of its apparent mass, its velocity and the
impact parameter, where the impact parameter is
the perpendicular distance between the center of
force (f, in Fig. 1) and the incident velocity. tine
case of Newtonian corpuscles grazing the limb of
the sun, as described here, the impact parameter is
given by the radius of the suR, | assume that the
translational mass, which is equal to the totalsnas
of a Newtonian corpuscle, contributes to the ofbita
angular momentum (Fig. 3).

. o
Sincev = (E) r?,  the angular
momentum integral can be written like so:

orbital

ae
Lorpitar =mvr = mr? (E) (A3)

After rearranging Eqn. (A3), we get:
ﬂ — Lorbital (A4)

dt mr2

After cancelling like terms and combining Eqgn.
(A4) with (A2), Egn. (A2) can be rewritten as:

2 2
1 dr L i
= _m( ) } ( OTbLt(;.l )
2 dt 2mr

After solving for%, we get:

GMm

Eurbital T (A5)

dr _ — |2Egrpi Lorpital’ 26M
ar _ +\/ orbital __ (orbltal )+ .

dc m m2r2 (A6)

We can eliminate the time dependence inherent
in the energy and angular momentum integrals
given in Eqns. (A4) and (AB6), respectively, by
combining Eqns. (A4) and (A6). This gives us the
equation for the shape of the trajectory in terms o
the change in the polar angle with respect to the
change in the radial distance

a6 _ de de Lorbital

dr _ dt dr 2
mr2 2Eorpital _ (Lorbital + 2GM
m2r2 T

m

(A7)
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Then, in order to integrate Eqn. (A7), we separate
the variables and simplify:

2
(Lorbital) ( 1 )
r Lorbital
2
Lorbital 2GMm?
\j[szorbLtal _( r ) + -

(A8)

drr

fdo==F

We can conveniently integrate Egn. (A8) by
substitutingu = L"”’T“‘” and simplifying:

du

2
\/[— u?+ Ma + 2mE rpital ]

Lorbital
(A9)

0(7")—60=if

Where, 6, is the constant of integration. This
integral can be solved using a formula from a Table
of Integrals

du _ 1 .1 | _2au+tb
if [- au+ butc] i\/—_aSln /b2—4ac] (A10)

26Mm?

Where,a = -1,b = andc = 2mE, and we
orbital

take the negative solution to yield the convex
portion of the hyperbola relative to the origin and
evaluated from O tar (Fig. 1). After substituting
the values for a, b, and c into Egn. (A10), we get:

[ _2Lorbital + 2GMm? ]
o(r) = eo—sin—ll L lorbital | (A11)
26Mm2 \?
l (Lorbital) +8mEorbitalJ

After taking the sine of both sides, we get:

_2Lorbital + 26Mm?
r Lorbital

sin(0) =sin(8,) — (A12)

( 2GMm?

+ 8mE, i
Lorbital ) orbital

Because sin(0) = 0, by setting 6, = 0, after
rearranging, we get:

2Lorbital - 26Mm?

r Lorbital

2\2
+\/(26Mm ) + 8mE,, pitq; SIN O
Lorbital
(A13)

Next we rewrite Eqn. (A13) to getas a function
of 6 and simplify:
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2
Lorbital
GMm?2

ro= (A14)

2
1 +\/1+ 2MmLorpital Eorbitalsina

GZMZm*

Egn. (Al4) has the form of an equation for a
conic section where one focus is at the origin.
When E,pict > 0, ande > 1, the equation
describes a hyperbola where:

r=— (A15)

1+ esin @

By comparing Eqn. (A14) with Egn. (A15), we see
that eccentricity«) is given by:

_ szorbitaleorbital

&= \/1 t T (A16)
. 1 2 GMm

By letting Eorpirar = 5me* — == andLyrpizar

= mcR for a Newtonian corpuscle, where c is the
speed of light and R is the radius of the sun, ate g

s=\]1+

2,2p2
2Zmm?c?R Eorbital

G>M?m*
c2R2mc2  c2R2GMm c?R
- \/1 @nPm | GAMPmR - oM (AL7)
c*R? 1 c?R
Where, —— = 2.21819744x 10" and = =
G“M 42 25 GM
4709774353 x 1. Since o » <% and
- G“M GM
;2;2 > 1. After taking the reciprocal, we get:
2=~ 2123243971 x 10 (A18)
& Cc“R

From the properties of a conic section, we can
obtainf:
— -1 (1) o~ o
B=cos™ (3)=89.99987835°  (A19)
We can obtain the predicted angle of deflection

(86) for a Newtonian corpuscle frofngiven in Eqn.
(A20) and from the relations shown in Fig. 1:

§ = 180° - 28 = 2.43306 x 10°

= 0.8759 arcseconds (A20)
Thus, using the same analysis we used to obtain
the “double deflection” of a composite photon that
has internal structure with both translational and
rotational motion, we determined that if a photon
had the properties of a Newtonian corpuscle that
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had neither internal structure nor rotation, it Vadou
only give a “single deflection.” The observed
deflection of starlight can be considered to be
evidence for the complex, dynamic nature of a
photon that moves through Euclidean space and
absolute Newtonian time. Thus the *“double
deflection” observed by the astronomers on the
eclipse expeditions can be explained by assuming
that that photon is point-like and propagates
through a dynamical space-time continuum that is
warped by matter as posited by the General Theory
of Relativity, or by assuming that space is absolut
and Euclidean, time is absolute and Newtonian, and
the photon has a complex dynamical structure with
both translational and rotational motions.
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