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Abstract: The theory of Observational Relativity (OR) as a new theory of physics is repored in the form of serial reports in
F1000Research. Now, OR Serial Report 4 focuses on re-examining Einstein's prediction on Mercury's perihelion precession
from the perspective of OR. In 1916, from general relativity, Einstein derived an equation of planetary motion. Unlike
Newton's, Einstein's equation of planetary motion has an additional orbital-precession item: 3GM/c?r? based on which Einstein
made the famous prediction: Mercury's perihelion precesses by 43.03” every 100 Earth Years. Einstein's 43.03” seems to
exactly match the 43.11" left in the history data of Mercury that has not yet found a definite reason. This was an early successful
case of Einstein's theory of general theory. The theory of OR has also deduced an equation of planetary motion that also has an
additional orbital-precession item: 3GM/7?r2. However, the difference is that, in the 3GM/n?r?, the speed of light c in
Einstein's 3GM/c?r? is replaced by the speed 7 of the information wave of the general observation agent OA(7) (0<#7<oo;
n—). In fact, Einstein's orbital-precession item 3GM/c?r? observed with the optical agent OA(c) is just a special case (r7=c)
of the OR orbital-precession item 3GM/n?r? observed with OA(7). Obviously, the orbital-precession item 3GM/72r2 purely
depends on the speed 7 of the information wave of OA(#). This fact indicates that both the 3GM/#?r? of OR and Einstein's
3GM/c?r? (n=c) do not represent the objective and real precession of planetary orbits. It is thus clear that Einstein's prediction
on Mercury's perihelion precession, that is, the 43.03" per century, is a sort of observational effect and apparent phenomenon
caused by the observational locality (c<) of the optical agent OA(c), rather than the objectively real physical existence.
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1 Introduction

The OR serial reports are reporting to readers and
physicists on a new theory in human being's physics 4
Observational Relativity (OR). The monograph of OR is
divided into two volumes : the 1%tvolume IOR, i.e., Inertial
OR; the 2" volume GOR, i.e., Gravitational OR.

The theory of OR has revealed the root and essence of
the relativistic effects of Einstein's relativity, both the spe-
cial and the general, bring new discoveries and insights
to human being's physics. The theory of OR involves
many significant issues in physics, and the author attempts
to carry on the statement one by one in the form of serial
reports. As the beginning, OR serial report 1 (OR01) clar-
ified logical consistency and theoretical validity of OR, as
well as, the empirical basis and evidence of OR. ORO01 re-
ports Bl: The speed of light is not really invariant and
spacetime is not really curved; OR02 reports : The rest
mass of photons is not really zero; OR03 reports ['l: Ein-
stein's prediction of gravitational waves is a historic error.

Now, OR serial report 4 focuses on one of the big puz-
zles in physics listed in the theory of OR, that is, BP-13:
the perihelion precession of Mercury.

In 1915, Einstein, on the basis of his theory of special
relativity [, established his theory of general theory [,
The most important and representative equation in Ein-
stein's theory of general relativity is the gravitational-field
equation. Aiming at the celestial two-body problem, based
on the field equation and equivalent gravitational-motion
equation, Einstein derived his equation of planetary mo-
tion, that is, a theoretical model of the celestial two-body

system in which a planet orbit a star.

Unlike Newton's equation of planetary motion, Ein-
stein's equation of planetary motion has an additional item:
3GM/c?r? that suggests that, unlike Newton's standard
closed ellipse, Einstein's planetary orbit is a non-standard
and non-closed ellipse, and the planetary orbit is always
drifting or spiraling around the star. Based on his equation
of planetary motion, Einstein predicted that Mercury's per-
ihelion precesses by 43.03" every Earth Years.

According to the historical records of optical astro-
nomical observation, Mercury orbit actually precesses by
5600.73 arcsec every 100 Earth Years. After deducting the
objective or non-idealized factors that cause Mercury orbit
precession, there is still 43.11" left that fails to find a home
and can seemingly be attributed to Einstein's theoretical
prediction perfectly.

Thus, Einstein's prediction seemingly is supported by
astronomical observation. This serves as another powerful
evidence of the correctness of Einstein general relativity.

In fact, even before the formal establishment of his
general relativity, Einstein made theoretical predictions for
the gravitational redshift and gravitational deflection of
light based on his equivalence principle. And both were
observationally and experimentally verified.

Einstein's three famous theoretical predictions have
been supported by observations and experiments, earning
him widespread reputation for his theory of general rela-
tivity. Nowadays, the mainstream physics community re-
gards Einstein's theory of general relativity as a better
gravitational theory than Newton's theory of universal
gravitation: Einstein is right, and Newton's theory of
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universal gravitation is only an approximation.

However, the theory of OR has discovered that New-
ton's classical mechanics is a theory of idealized observa-
tion with the idealized agent OA.., representing the objec-
tive and real physical world; Einstein's theory of relativity
is a theory of optical observation with the optical agent
OA(c), presenting us with only an optical image of the
physical world that is not objectively true.

Mankind's observations and experiments mostly adopt
the optical agent OA(c), which is the reason why our ob-
servations and experiments mostly conform to Einstein's
theory of relativity. But this does not mean that Einstein is
more right than Newton. If mankind had the idealized
agent OA.., then our observations and experiments would
tend to support Newton rather than Einstein.

Based on this, ORO1 report has already cleared New-
ton's name [°1: Newton is right, and Einstein's theory of rel-
ativity is only an approximation!

The theory of OR 41 aiming at the celestial two-body
problem, based on the OR gravitational-field equation and
equivalent gravitational-motion equation, has also de-
duced an equation of planetary motion that also has an
item of orbital precession: 3GM/#7?r?. However, the dif-
ference is that the speed of light c in Einstein's equation of
planetary motion is replaced by the speed 7 of information
wave of the general observation agent OA(7) (0<n<o;
n—o0) in the OR equation of planetary motion. This sug-
gests that the orbital precession in the OR equation of
planetary motion depends on observation, and is a sort of
relativistic apparent phenomenon caused by the observa-
tional locality (<o) of OA(#), rather than the objec-
tively real precession of planetary orbits.

The theory of OR has clarified ' that Einstein's the-
ory of relativity is only a partial theory of the theory of OR
(n=c) in which Einstein employed the optical agent OA(c)
as his observation agent. The information wave of OA(c)
that transmits observed information is light or electromag-
netic wave and travels at the speed of light c. Therefore,
optical astronomical observation naturally supports or
conforms to Einstein's theoretical prediction.

It is thus clear that Mercury's history data from astro-
nomical observation does indeed record relativistic appar-
ent phenomena caused by the observational locality (c<)
of optical observation, and that the left 43.11"” in the data
of Mercury's orbital precession is not a support for Ein-
stein's relativity theory, but a support for the theory of OR:
Mankind's perception or observation of the objective phys-
ical world does indeed have the observational locality and
contain observational effects and apparent phenomena.

2 The Evolution of Celestial Motion Images

It can be imagined that ancient people were curious
about the earth they relied on for survival, as well as the
sun, moon, and stars that rise and fall every day.

Mankind's cognizing and understanding of the uni-
verse, earth, sun, moon, and stars has naturally undergone
a long process of evolution and development: from geo-
centrism to heliocentrism, from circular celestial orbits to
elliptical celestial orbits, from immutable closed orbits to

spiral orbits. The concept of The Globe naturally emerged
after The Earth, originally referred to by the Chinese as
The Great Earth. It was difficult for ancient people to im-
agine the earth as a ball or a sphere. Ancient people used
to believe that the earth was like a Persian carpet: thanks
to it, mankind did not fall into the depths of hell.

However, the rising in the east and setting in the west
of the sun, moon, and stars had kept reminding ancient
people that they were revolving around the Great Earth.
And then, ancient people gradually realized that the earth
could be a ball. Naturally, at that time, they believed that
the orbits of the sun, moon, and stars must be immutable
and standard circles, and the earth must be the center of
these circles.

And so, The Globe must be the center of the universe.

2.1 From Ptolemy to Copernicus:
The Doctrine of Circular Orbits

The concept of The Globe began with Ptolemy's geo-
centric theory (see Fig. (a)) ™. Ptolemy's geocentric the-
ory was formed around the 2nd century AD, the core idea
of which can be summarized as: (1) the earth is a huge
sphere; (2) the earth is the center of the universe; (3) the
sun, moon, and stars all revolve around the earth. Natu-
rally, in Ptolemy's geocentric theory, the orbits of the sun,
moon, and stars around the earth are idealized as standard
circles centered around the earth.

In the 16th century AD, Copernicus created The Heli-
ocentric Theory (see Fig. 1(b) % moving the center of
the universe from the earth to the sun. Copernicus's helio-
centric theory has taken a big step in the right direction of
mankind's cognizing and understanding of the universe: all
the planets revolve around the sun; the earth is one of the
planets, which rotates itself while it is revolving around the
sun; the moon revolves around the earth. Of course, in Co-
pernicus' heliocentric theory, whether the moon revolves
around the earth or planets revolve around the sun, they
follow standard circular orbits, and the orbits of all planets
form concentric circles with the sun as the center. Natu-
rally, the sun is located at the center of the circle.

Then, the sun became the center of the universe.

2.2 From Kepler to Newton:
The Doctrine of Closed Elliptical Orbits

In the 17th century AD, Kepler established three sig-
nificant laws about planetary motion based on the astro-
nomical observation data accumulated by Tycho, that is,
Kepler's three laws (see Fig. 1(c)) %2 the orbital law, the
area law, and the harmonic law. Kepler's orbit law is also
known as the ellipse law: the orbit of a planet around a star
is an ellipse, and the star is located at one of the foci of the
ellipse. Kepler's orbital law tells that the orbit of a celestial
body is not an idealized standard circle.

It is worth noting that Kepler's elliptical orbits are ide-
alized as standard ellipses, immutable and closed, and do
not drift and spiral. In other words, Kepler's elliptical or-
bits have no orbital or perihelion precession.

After Kepler's three laws, Newton's three laws and law
of universal gravitation were successively born [231,
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Figure 1 The Evolution of Celestial Motion Images: From the Great Earth to the Globe, from the circle to
the ellipse, from the closed ellipse to the precessing ellipse.

Annotation (a) Ptolemy's geocentric theory. The earth is a ball, that is, the Globe; the earth is the center of
the universe, and the sun, moon, and stars revolve around the earth in idealized standard circles.

Annotation (b) Copernicus' heliocentric theory. The sun is the center of the universe, the moon revolves
around the earth in an idealized standard circle, and the earth and other planets revolve around the sun in idealized
standard circles; the orbits of all planets form the concentric circles centered around the sun.

Annotation (c) Kepler's three laws and Newton's planetary orbit. According Kepler, the orbit of a planet
around a star is a closed ellipse with the sun at one of its focal points; Newton's equation of planetary motion
supports Kepler's three laws.

Annotation (d) The orbital precession of planets. Astronomical observation shows that the orbit of a planet

around a star is not closed ellipse, and the orbit or perihelion of a planet is not fixed, but keeps precessing.

Based on Newton's laws, Kepler's three laws can be
theoretically derived. Thus, human being's physics began
to evolve from phenomenological physics to theoretical
physics. Newtonian mechanics can describe more general
conic orbits: the orbit of a celestial body moving in a grav-
itational field follows a standard conic curve that can be a
circle, ellipse, parabola, or hyperbola. Applying Newton's
law of universal gravitation to the celestial two-body prob-
lem, one can establish the theoretical model of a planet or-
biting a star, that is, Newton's equation of planetary mo-
tion, which supports Kepler's orbital law: the orbit of a
planet orbiting a star is an idealized standard and closed
ellipse without drift or spiral.

However, astronomical observation shows that the or-
bit of a planet is not an idealized standard and closed el-
lipse. As depicted by Fig. 1(d), the orbit or perihelion of a
planet is always precessing. In the solar system, the orbital
or perihelion precession of Mercury is the most prominent
and is found through astronomical observation to be about

5600.73 arcsec every 100 Earth Years.

All theories or models in physics are idealized. The
two-body model (M, m) of a star and a planet is an ex-
tremely idealized system: gravity is an action at a distance;
(M, m) is an isolated system, where both the star M and the
planet m are mass points, M is stationary, and m orbits M.
This is the reason why Newton's planetary orbits keep im-
mutable and standard closed ellipses and cannot predict the
orbital or perihelion precession of planets.

So, can Einstein's theory of general relativity and his
equation of planetary motion predict the orbital or perihe-
lion precession of planets?

2.3 Einstein's Planetary Orbits:
The Doctrine of Orbital Precession

Given the countless objective and non-idealized fac-
tors in the objective physical world, it is naturally and in-
evitable for the actual planetary orbits to be drifting or spi-
raling. On the contrary, it is difficult for us to imagine that
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a celestial body would move following the identical closed
elliptical orbit eternally. In fact, for Mercury, it only pre-
cesses by 13.5” per revolution around the sun. In this re-
gard, Newton's equation of planetary motion is already
quite precise.

Mercury, as the planet closest to the sun in the solar
system, has the most prominent orbital precession: about
5600.73 arcsec per century. Physicists have conducted a
corrective calculation for the objective and non-idealized
factors of the two-body system of Sun and Mercury. De-
ducting the effects of the precession of the equinoxes
(about 90%) and the perturbations from other planets (es-
pecially Venus, Earth, and Jupiter) (about 10%) from the
actual observation data of 5600.73, totaling 5557.62
arcsec, finally there is only 43.11" left that has not found a
definite reason.

In 1915, after the establishment of his special relativity
81 in 1905, Einstein established his general relativity 1.
Einstein applied his general relativity to the celestial two-
body problem and built his equation of planetary motion.
Compared with Newton's equation of planetary motion,
Newton's equation of planetary motion has an additional
item: 3GM/c?r? that can be refer to as the item of orbital
precession. Thus, by calculation, Einstein made a theoret-
ical prediction: Mercury's perihelion precesses by 43.03"
per century, which just right coincides with the 43.11" in
the actual observed value of 5600.73 arcsec that have not
yet found a home.

Although many physicists still have doubts and pro-
pose that it should not be appropriate to draw a final con-
clusion, the mainstream physics community believes that
the 43.03" supports Einstein's theory of general relativity.

An early success of Einstein's theory of general theory
was exactly because of the interpretation for the 43.11"
perihelion precession of Mercury per century.

3 Physical Observation:
the Phenomenon or the Essence?

The logical chain of truth has no beginning and no end.
In this regard, mankind will never reach the other side of
absolute truth, even though we will get closer and closer to
it. Restricted by the observational locality, what in the nat-
ural world mankind can perceive or observe are only the
physical phenomenon rather than the physical essence.

Mankind can employ various observation agents to
perceive or observe the objective world, not only by utiliz-
ing his sense organs, the eye, ear, nose, tongue, and body,
but also by utilizing the observation instruments and
equipment that he invents, e.g., sonar and radar.

Mankind seems to heavily rely on for the optical agent,
including the eye and the radar.

There is a Chinese proverb that goes, “Seeing is real,
hearing is not real.” As a matter of fact, all observation
agents that mankind can employ, including eyes and ra-
dars, cannot tell you the truth. All they observe are only
phenomena rather than the objective physical reality or
real physical existence.

In addition to his prediction about gravitational waves
[791 " Einstein had also made three famous theoretical

predictions based on his general relativity:

(1) The gravitational redshift of light;
(2) The gravitational deflection of light;
(3) The orbital or perihelion precession of Mercury.

These theoretical predictions seem to have been vali-
dated and supported by mankind's observations or experi-
ments. So, are Einstein's theoretical predictions really cor-
rect? So, do those observations or experiments really rep-
resent the objective reality and physical existence?

The focus of this article is to re-examine Einstein's pre-
diction about the orbital or perihelion precession of Mer-
cury. Before that, let's briefly discuss Einstein's predic-
tions about the gravitational redshift and gravitational de-
flection of light from the perspective of the general obser-
vation agent OA(r) of the theory of OR, so that readers
can better understand the orbital or perihelion precession
of Mercury from the perspective of the theory of OR. This
will contribute to our understanding of observation agents
and their observational locality, and to our understanding
of physical phenomena and physical essence.

3.1 Observation Agents
and Observational Locality

The OR serial reports never tire of talking about the
most important concept in the theory of OR: Observation
Agents, and discussing their Observational Locality.

Human perception and cognition of the objective
world not only depend on observation but is also restricted
by observation. The theory of OR has discovered that all
theoretical systems or spacetime models in physics, in-
cluding the Galilean transformation and the Lorentz trans-
formation, as well as, Newtonian mechanics and Einstein
relativity theory, must be branded with observation.

Observation is to sense or perceive the objective phys-
ical world and obtain the information about observed ob-
jects. The information of an observed object must be trans-
mitted from the observed object to the observer through a
certain observation medium at a certain speed, so that the
observer can perceive and cognize the observed object.
This led to the formation of the concept of Observational
Agent in the theory of OR.

Observation Agent: The observation agent OA(#) is
an observation system (P,M(#),0) employs the observa-
tion medium M(#) to transmit the information of the ob-
served object P to the observer O at a certain speed 7; the
matter wave M( ) transmitting observed information is re-
ferred to as the information wave of OA(7), and the mat-
ter particles constituting the information wave of OA(#7)
are referred to as the informons of OA(7).

Zeleznikar ever employed Informon to refer to an in-
formation entity and analogized it with an electron [*4],

For the issue of the orbital or perihelion precession of
Mercury, the observation data come from the astronomical
observations of optical astronomy with the optical obser-
vation agent OA(c) (r7=c). The observed object P is Mer-
cury, the observation medium M(c) is light, the infor-
mation wave is light wave, the informons are photons, the
information-wave speed 7 is the speed of light ¢, and O is
the observer on the earth.
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In theory, all forms of matter motion, not just light or
photons, can serve as observation media to transmit ob-
served information to observers; the speed 7 at which the
observation agent OA(7) transmits observed information
through the observation medium M(#) can be any value:
0<n<oo or p—o0, Not just the speed of light c.

The ear is mankind's acoustic agent OA(vs) (7=Vs~
340 m/s), and the eye is mankind's optical agent OA(c)
(n=c). And OA(n) is the General Observational Agent
(0<n<oo; n—0) of the theory of OR.

According to the principle of locality, the speed 7 of
the information wave of an objectively existing observa-
tion agent OA(7) must be finite or limited: 7<co. This is
the Observational Locality of OA(7), which is described
as a principle in the theory of OR : The Principle of
Observational Locality -- it must take time for observed
information to cross space.

In the objective physical world, no speed of a form of
matter motion can be infinite. Therefore, an observation
agent OA(#) that mankind can employ must have a limited
information-wave speed and have the observation locality
(n<). In other words, human perception of the objective
physical world must be restricted by the observational lo-
cality, and cannot represent the objective and real physical
world, but rather a certain image of the objective physical
world presented in mankind's subjective world.

A theoretical system or spacetime model in human be-
ing's physics must implicitly have the observation agent of
its own. Newtonian mechanics is the theory of the ideal-
ized observation agent OA.,, which in a certain sense rep-
resents the objectively real physical world; Einstein rela-
tivity theory, including the special and the general, is a the-
ory of the optical observation agent OA(c), which presents
us with an optical image of the physical world, not the ob-
jectively physical reality or really physical existence.

3.2 Gravitational Deflection
due to Different Observation Agents

Einstein predicted based on his equivalence principle
that the trajectory of light would be curved in a gravita-
tional field, that is, Einstein's famous prediction of the
gravitational deflection of light.

In fact, Newton's theory of universal gravitation can
also lead to this conclusion.

Before the formal establishment of general relativity,
the gravitational deflection angle of light calculated by
Einstein was the same as that calculated with Newtonian
mechanics. However, after the formal establishment of
general relativity, the gravitational deflection angle &z of
light calculated by Einstein based on his general relativity
is twice the gravitational deflection angle Sy of light cal-
culated with Newtonian mechanics.

Newton's gravitational-deflection angle J:

2GMgyy,

O =
N 2
RSul’lC

= 0.875" (1)

Einstein's gravitational-deflection angle O:

5, = 4GMsun

> = 20y = 1.75" )
Rsun
where G is the gravitational constant, Msn the mass of the

sun, and Rsun the radius of the sun.
So, is Newton or Einstein right?

Einstein proposed that, by observing solar eclipses, the
deflection angle of starlight passing over the surface of the
sun could be determined and thereby verify his theoretical
prediction of gravitational deflection of light.

In 1919, during a solar eclipse on the coast of West
Africa, Eddington and his team measured the deflection
angle of starlight, which concluded that the deflection an-
gle was 6=1.61"+0.40" !6171 tending to support Einstein's
prediction of gravitational deflection of light. At that time,
the British newspaper The Times published a full page
news article titled Scientific Revolution -- Newton's
Ideas Overturned. Up to now, almost all observations of
total solar eclipses tend to support Einstein's theoretical
prediction 8, rather than Newton's.

However, according to the theory of OR, this does not
mean that Einstein is more right than Newton. Throughout
history, the observation agent employed by mankind to ob-
serve solar eclipses has been the optical agent OA(c), and
naturally, its observation conclusions tend to support
Einstein's theory of general relativity.

The theory of OR has already clarified %1 under dif-
ferent observation agents, the trajectory of light or photons
in a gravitational field will present different degrees of de-
flection.

It should be pointed out that, during the observation of
solar eclipses, starlight is both the observed object P and
the observation medium M (c) or the information wave of
the optical agent OA(c) transmitting the information of
starlight at the speed of light c. Therefore, the speed of
light c in Einstein's starlight deflection angle 5t (Eq. (2))
is not only the speed v of the light or photons as the ob-
served object P but also the speed of the information wave
or informons of OA(c) -- the information of starlight is
carried and transmitted by starlight itself.

However, Newton's observational agent is the ideal-
ized agent OA., whose information-wave speed 7 is ide-
alized as infinity and informon momentum p,=h,/A s ide-
alized as infinitesimal. The speed of light ¢ in Newton's
starlight deflection angle on (Eq. (1)) is only the speed v
of the light or photons as the observed object P, but not the
speed of the information wave or informons of OA...

The support of the observation of the optical agent
OA(c) for Einstein's prediction of the gravitational deflec-
tion of light does not mean that Einstein is more right than
Newton.

On the contrary, Newton's idealized agent OA.. has no
observational locality or perturbation effects, and therefore
could be referred to as God's eye, representing in a sense
the objective reality and physical existence. If mankind has
the idealized agent OA.., then his observation must tend to
support Newton's prediction of the gravitational deflection
of light rather than Einstein's.

It is thus clear that Newton's theory is right and true,
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and Einstein's theory is only an approximation.

Newton's gravitational deflection angle ox=0.875" is
the objectively real deflection of starlight sweeping over
the sun, whereas Einstein's gravitational deflection angle
or=1.75" of starlight contains the observational effects of
the optical agent OA(c), that is the apparent phenomena
caused by the observational locality (c <o) of OA(C): Ad=
or—on=0.875" is not the really physical existence.

For the detailed statement on the gravitational deflec-
tion of light, see Chapter 17 of the 2 volume GOR in Ob-
servational Relativity !,

3.3 Gravitational Redshift
due to Different Observation Agents

Even before the formal establishment of general rela-
tivity, Einstein predicted based on his equivalence princi-
ple that the frequency of light would decay in a gravita-
tional field, that is, Einstein's famous prediction of the
gravitational redshift of light:

2GM 2GM
Zp=1- [1-=—%/ [1-=— ©)
1€ TAC

where Zg is the relative redshift of light, M the mass of the
gravitational source, ra and rg the distances from points A
and B in the gravitational field to the gravitational center
of M, respectively.

Einstein's prediction of the gravitational redshift of
light is supported by the observation of the solar spectrum
[ and the experiment based on Mossbauer effect (201,

In fact, based on Newton's theory of universal gravita-
tion, one can also get the conclusion that the frequency of
light in a gravitational field will decay or present redshift.

Everyone was looking forward to another debate on
the gravitational redshift of light between Einstein's theory
of general relativity and Newton's theory of universal
gravitation. However, the gravitational redshift Zpy of
light based on Newton's theory of universal gravitation is
almost the same as the gravitational redshift Zg of light
based on Einstein's theory of general relativity, with only
a difference in the second-order small quantity. It is diffi-
cult to distinguish or pass judgement on the two by obser-
vation or experiment [21;

7 _GM(l 1) 7 4
PN =72 s T_A"’E 4)

Thus, the observation of solar spectra and Mossbauer
experiment seem to be both a support for Einstein and a
support for Newton.

It should be pointed out that both the observation of
solar spectra and the experiment of Mossbauer gravita-
tional-redshift employed the optical agent OA(c). There-
fore, the observational and experimental conclusions
should support Einstein's theory of general relativity as the
theory of the optical agent OA(c) and Einstein's prediction
of gravitational redshift. However, it is unreasonable and
confusing that the observational and experimental conclu-
sions of the optical agent OA(c) support the theory of
Newton's theory of universal gravitation as the theory of
the idealized agent OA. and Newton's prediction of

gravitational redshift.

The mainstream physics community does not fully un-
derstand the role played by observation agents in observa-
tions and experiments. They still have no convincing an-
swer to the similarity between Newton and Einstein's pre-
dictions on the gravitational redshift of starlight.

The theory of GOR has already clarified that the cur-
rent so-called Newtonian gravitational-redshift equation of
light (Eq. (4)) is pseudo Newtonian [1+¢! not purely based
on Newtonian mechanics, but a mixture of classical me-
chanics, relativity theory, and quantum theory. This is pre-
cisely the reason why the pseudo Newtonian gravitational-
redshift Zpn (Eg. (4)) approximates Einstein's gravita-
tional-redshift Ze (Eq. (3)).

The gravitational-redshift phenomenon of light is the
manifestation that the kinetic energy of photons decays,
that is, the redshift of kinetic energy. In essence, it is the
transformation from the kinetic energy to potential energy
of photons in a gravitational field, following the principle
of energy conservation. Based on the principle of energy
conservation, the theory of OR equivalently transforms the
definition of the gravitational redshift of light from that of
frequency redshift Z=Af/f to that of kinetic-energy red-
shift Z=AK/K.

In this way, the theory of OR has deduced the equation
of the gravitational redshift of light purely based on New-
tonian classical mechanics [41:

7 = 2GMrg (1 1) .
N rgc?2 +GM ®)

where Zy is the real Newtonian relative redshift of light.

Now, Newton's gravitational-redshift equation of light
(Eq. (5)) is different from both Einstein's Eq. (3) and the
pseudo Newtonian Eq. (4). This is reasonable: the redshift
of light in a gravitational field should naturally be different
from the perspectives of different observation agents. Of
course, in a gravitational field, light may present not only
redshift but also blueshift.

Similar to the case of gravitational deflection of light,
the support from the optical observation agent OA(c) for
Einstein's theory of gravitational redshift (Eq. (3)) does not
mean that Einstein is more right than Newton. If mankind
has the idealized agent OA., then his observation must
tend to support the theory of gravitational redshift purely
based on Newtonian mechanics (Eg. (5)).

For the detailed statement on the gravitational redshift
of light and the theoretical derivation of the Newtonian
gravitational-redshift equation (Eqg. (5)), see Chapter 18 of
the 2%t volume GOR in Observational Relativity !4,

s T4

3.4 Orbital precession
due to Different Observation Agents

This article aims to re-examine Einstein's theoretical
prediction about the orbital or perihelion precession of
Mercury from the perspective of the general observation
agent OA(7) (0<n<ow; n—o) of the theory of OR.

After the establishment of his general relativity, Ein-
stein applied it to the celestial two-body problem: (M, m).
Based on his gravitational-field and gravitational-motion
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equations, Einstein derived his equation of planetary mo-
tion, and made his famous prediction about the orbital or
perihelion precession of Mercury: Mercury's perihelion
precesses by 43.03" every 100 Earth Years.

In the theory of OR, the orbital or perihelion preces-
sion of Mercury is listed as the big puzzle BP-13. Indeed,
Einstein's theoretical prediction on the orbital or perihelion
precession of Mercury have many doubts.

Astronomical observation shows that Mercury's peri-
helion precesses by 5600.73 arcsec per century. But why
did Einstein's prediction only have 43.03", less than 0.8%
of the actual observed value?

Both Newton and Einstein's equations of planetary
motion are idealized models of the celestial two-body sys-
tem of a star and a planet, in which there is no prior
knowledge or information for Newton and Einstein to pre-
dict the orbital or perihelion precession of the planet orbit-
ing the star. Therefore, it is impossible for both Newton
and Einstein to make a theoretical prediction for the real
orbital or perihelion precession of Mercury.

So, how can Einstein's equation of planetary motion
predict that Mercury precesses by 43.03 arcsec every 100
Earth Years? And, why cannot Einstein's equation of plan-
etary motion predict the other 5557.70"” orbital precession

of Mercury per century?

Now, readers have had the knowledge of observation
agents and their observation locality. So, readers may have
their own answers to the doubts of Einstein's predictions
on Mercury's orbital or perihelion precession.

4 Newton's Celestial Two-Body Problem
and Newton's Planetary Orbits

According to Kepler's first law, that is, Kepler's law of
elliptical orbits ['%!2] a planet orbits a star along an ellipti-
cal orbit, with the star located at a focal point of the ellipse.

Kepler's law of elliptical orbits greatly promoted hu-
man cognizing and understanding of celestial motion, and
promoted human exploration of the motive force behind
celestial motion. Thereby, Galileo proposed the concept of
Central Force; Newton established the Law of Universal
Gravitation. Then, aiming at the celestial two-body prob-
lem, one can derive the dynamic model of planetary mo-
tion, that is, Newton's equation of planetary motion.

In particular, from Newton's dynamic model of plane-
tary motion, Kepler's three laws of planetary motion, in-
cluding the law of ellipses, the law of area, and the law of
harmonies, can be theoretically derived.

AZ Central Force
z k.. (Universal Gravitation)

« (the planet)

(a) Central Force and Spherical Coordinates

V3

Perihelion

e

AT
Orbital Plane: X-¥ (9:%)

lanet)

¥

M
(the star)

Aphelion | >

(b) The Orbital Plane of the Planet m

Figure 2 The Formalized Coordinates of Celestial Two-Body Problem

Annotation (a) Central force and spherical coordinates: The celestial two-body system (M,m) is idealized as
an isolated system in the space of spherical-coordinate O(r, 6, ¢), where the large celestial body M is located at
the coordinate origin of O, and the small celestial body m (a planet or comet or satellite or even photon) moves

in the gravitational field of M.

Annotation (b) The orbital plane of the small celestial-body m: According to the property of central force, the
motion of mass point m is limited to a fixed plane, e.g. X-Y (6=7/2).

4.1 Newton's Celestial Two-Body Problem

All theories or models of human being's physics must
contain certain idealized logical premises or hypotheses.
Newton's equation of planetary motion belongs to the ce-
lestial two-body problem, and is a theoretical model of the
celestial two-body system, which is highly idealized, and
can be described as follows.

Newton's Celestial Two-Body System (M, m): The
large celestial body M and the small celestial body m in-
teract through gravitational interaction, where M is station-
ary, radiates gravity or gravitational force, and generates a
spherically-symmetric gravitational field, and m moves in
the gravitational field.

The Idealized Conditions for Newton's (M, m):
(1) Gravity is an action at a distance;

(2) (M, m) is an isolated system, both M and m are

mass points.

The Coordinate System of Newton's (M, m): Choose
Cartesian 3d coordinates (x,y,z) and corresponding spheri-
cal coordinates (r, 8, ¢) as depicted in Fig. 2(a); set the large
celestial body M as the coordinate origin O, the small ce-
lestial body m moves in the plane of X-Y (8=7x/2) as de-
picted in Fig. 2(b).

Newton's Observation Agent: The idealized observa-
tion agent OA.., whose information-wave speed 7 is ideal-
ized as infinity (r7—o0), with no observational locality -- it
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takes no time for observed information to cross space.

It is thus clear that Newton's celestial two-body system
is extremely idealized.

4.2 Newton's Model of Celestial Two-Body System

In Newton's idealized celestial two-body system (M,
m), M and m interact through universal gravitation. As de-
picted in Fig. 2(a), the universal gravitation F(r) on mis a
sort of central force that always points towards the large
celestial body M (at the coordinate origin O), which is a
function of the radius vector r: F(r)=Fr/r (r=|r]).

Omitting theoretical derivation, the motion of mass
point m in the gravitational field of M in the corresponding
spherical coordinate system (r, 8, ) can be described by the
Binet equation !'-:

1 d d ©

= - = 2 —(p = 2 —(p

(u r'hK e T dar
where hx=rv=L/m is the velocity moment of m, L the an-
gular momentum of m, and v the moving speed of m; t is
the observed time, 7 the standard time, and under the New-

ton's idealized observation agent OA., d¢=dr.

Substituting Newton's law of universal gravitation into
Eqg. (6), one has the theoretical model of Newton's celestial
two-body system (M, m) in the form of the Binet equation:
d?u GM
i (B
This is the motion equation of the small celestial body
m (a planet or comet or satellite or even photon) in the
gravitational field of M.

4.3 Newton's Celestial-Body Orbits

= const )

GMm
) )

(7)

By solving differential Eq. (7), one has the solution

1 D h
== p=— (8)
u 1l+4+ecos(p—¢g) GM

This is the standard conic equation, where M is located at
a focal point of the conic section and e is the orbital eccen-
tricity of m.

In the celestial two-body system (M, m), the orbital ec-
centricity e of m depends on the gravitational constant G
and the mass of large celestial body M, as well as, the ini-
tial mechanical energy E and angular momentum L of the
small celestial body m:

2E12 \Y?

where the total mechanical energy is the sum of the kinetic
energy K and potential energy V of m: E=K+V.

Given the conservation of mechanical energy E and
angular momentum L of m, according to Eq. (9), in New-
ton's model of celestial two-body system (M, m), the or-
bital eccentricity e of m is a constant.

The eccentricity e determines the form of the orbit of
celestial body m:

(1) e=0: The orbit of m is a standard circle;

(2) 1>e>0: The orbit of m is a standard ellipse;
(3) e=1: The orbit of m is a standard parabola;
(4) e>1: The orbit of m is a standard hyperbola.

Let the large celestial body M be a star and the small
celestial body m a planet orbiting M. According to Kepler's
law of ellipses, due to being bound to the star M, the planet
m must orbit around M along an elliptical path with an ec-
centricity of ee(0,1). The eccentricity of Mercury's orbit
around the sun is e=0.2056; the eccentricity of Earth's or-
bit around the sun is €=0.0167. Compared to the orbit of
Mercury, the orbit of the earth is closer to a circle.

Newton's equation of planetary motion (Eq. (7)) and
its solution (Eq. (8)) prove Kepler's first law: the orbit of a
planet should be an ellipse.

4.4 Newton's Planetary Orbit

If Newton's model (Eq. (7)) of celestial two-body sys-
tem (M, m) is employed as that of a star and a planet, then
the orbital eccentricity e(0,1), that is, Newton's equation
of planetary motion, in which the orbit of the planet m is a
standard closed ellipse, with no drift and spiral. Therefore,
Newton's equation of planetary motion cannot predict the
orbital or perihelion precession of planets.

Set the initial angle ¢o of the orbit of the planet m be
zero, then the solution (Eq (8)) to Newton's equation of
planetary motion can be written as

GM 1+ ) du GM (10)
u=— e Cos or — = ———¢€SIn
where the gravitational constant G and stellar mass M, as
well as, the velocity moment hk and orbital eccentricity e

of the planet m, are all constants.

Equation (10) shows that the perihelion of m is fixed.
At the point P (as depicted in Fig. 2(b)) of the perihelion
of m, p=2kz (k=0,1,2,---), u=GM (1+e)/h«?, and r=1/u are
all constants. Therefore, there is no orbital or perihelion
precession of the planet m.

Or, in other words, at the point P (Fig. 2(b)) of the per-
ihelion of m, it holds that du/d¢=0. Let the precession an-
gle of m every revolution be Ag. Let k=1, that is, the planet
m orbits around the star M once. As depicted in Fig. 1(d),
the planet m travels from the perihelion P to the next peri-
helion P’, sweeping through an angle of ¢ =27+A¢. Sub-
stituting it into Eq. (10), it can be concluded that A¢=0.
This also suggests that there is no any information about
the orbital or perihelion precession of planets in Newton's
equation of planetary motion.

So, why cannot Newton's celestial two-body model
predict the orbital precession of planets? The answer is
simple: Newton's two-body model are too idealized.

Whereas, the objective physical world is not an ideal-
ized physical world: gravity is not an action at a long dis-
tance, a celestial two-body system (M, m) is never an iso-
lated system, M is not stationary, and both M and m are not
mass points. So, the orbit of a planet in the universe is nei-
ther a standard circle nor an immutable and standard
closed ellipse. The orbital or perihelion precession of a
planet is natural and inevitable.

OR page-8



OR Serial Report 4: Reexamining Einstein's Prediction on Mercury

As stated in Sec. 4.1, Newton's model of the celestial
two-body system (M, m) has no prior information for pre-
dicting the orbital or perihelion precession of a planet. For
instance, Newton's equation of planetary motion cannot
predict the orbital or perihelion precession of Mercury's
5557.62 arcsec per century due to the lack of prior infor-
mation about the precession of the equinoxes and the per-
turbations from other celestial bodies,

In particular, according to the theory of OR, there exist
apparent orbital-precession phenomena of planets in astro-
nomical observations caused by the observational locality
(c<w0) of the optical agent OA(c), which is only a sort of
observational effects, rather than the objectively real pre-
cession of planetary orbits.

Newton's observation agent is the idealized agent OA.
that has no observational locality (r7—), and so, it also
does not present apparent orbital precession of planets.

Revisiting Newton's equation of planetary motion and
analogizing it with Einstein's equation of planetary motion
and the GOR equation of planetary motion help us recog-
nize the essence of Einstein's prediction of the 43.03" pre-
cession of Mercury's perihelion.

5 Einstein's Celestial Two-Body Problem
and Einstein's Planetary Orbits

After the establishment of general relativity, Einstein
applied it to the celestial two-body problem and derived an
equation of planetary motion from the weak-field approx-
imation solution of his gravitational-field equation, based
on which he made a theoretical prediction [*: Mercury's
perihelion precesses by 43.03 arcsec per 100 Earth Years.
Later, Schwarzschild obtained the exact solution of Ein-
stein field equation for a static spherically-symmetric
gravitational field (221 Then, based on Schwarzschild solu-
tion, one can build a more accurate celestial two-body
model or equation of planetary motion.

In fact, both Newton and Einstein's celestial two-body
models are highly idealized, with no prior knowledge or
information about the orbital or perihelion precession of
planets. Therefore, it is impossible for Newton, Einstein,
and even GOR to make theoretical predictions about the
precession of planetary orbits with their highly idealized
celestial two-body model.

So, what does Einstein's theoretical prediction about
Mercury's perihelion precession of the 43.03"” every 100
Earth Years mean?

5.1 Einstein's Celestial Two-Body Problem

Like Newton's celestial two-body problem, Einstein's
celestial two-body problem is also highly idealized.

Einstein's Celestial Two-Body System (M, m): Ac-
cording to Einstein's theory of general relativity, the large
celestial body M is stationary, making the spherically-
symmetric spacetime around M curved; The small celestial
body m moves in the curved spacetime of M.

In fact, as clarified by the theory of OR, Einstein's so-
called spacetime curvature is only a geometrized expres-
sion of gravitational interaction and does not represent ob-
jectively physical existence [,

The ldealized Conditions for Einstein's (M, m):
(1) Gravity is an action at a distance;

(2) (M, m) is an isolated system, both M and m are
mass points.

It should be pointed out that, in fact, like Newton's the-
ory of universal gravitation, Einstein's theory of general
relativity also implies the hypothesis that gravity is an ac-
tion at a distance ['+71,

The Coordinate System of Einstein's (M, m): Like
Newton, choose Cartesian 3d coordinates (x,y,z) and cor-
responding spherical coordinates (r,6,¢) as depicted in
Fig. 2(a); set the large celestial body M as the coordinate
origin O, the small celestial body m moves in the plane of
X-Y (6=7r/2) as depicted in Fig. 2(b).

Thus, Einstein and Newton's equations of planetary
motion have the formal comparability.

Einstein's Observation Agent: The optical observa-
tion agent OA(c), whose information-wave speed 7 is the
speed of light ¢, with the observational locality (c<) -- it
takes time for observed information to cross space.

In fact, the difference of observation agents is the only
and fundamental difference between Einstein and New-
ton's equations of planetary motion.

5.2 Einstein's Model of Celestial Two-Body System

For a spherically-symmetric gravitational spacetime,
Schwarzschild obtained the exact solution of Einstein field
equation, that is, the spacetime metric in the spherical co-
ordinate form of gravitational spacetime observed by the
optical agent OA(c), denoted as g, (r, ¢) 1?2

Joo(r,c) =1—2GM/c?*r

911(r,c) = —(1 = 2G6M /c*r)~!

922(r,¢) = —1? (11)
| 933(r,c) = —r?sin®6
L) =0 (u#v)

By substituting Eq. (11) into the equation of the line
element ds of Einstein general relativity, one has

ds? = g, dx#dx¥  (u,v =0,1,2,3)

26MY , 2GM
(126 g (12
cr cer

)_1 @ (12)

—r2df? — r? sin? 6 dp?
By substituting Eq. (11) into Einstein's gravitational-
motion equation of Einstein general relativity, one has
d?x# dx®dxf
+rh——=
dz? B dr dr

1 13
ralfg(r: €)= Eg'uv(gav,ﬁ + Gvga — gﬁa,v) (13)

(x%=ct, xt =1, x2=0, x3=¢)

where t is the observed time (Einstein called it coordinate
time), and 7 is the intrinsic time (Einstein called it standard
time); 7#,pis called the connection.

Equation (13) has four equations (x=0,1,2,3): (1)
t=t(2), (2) r=r(7), (3) 8=6(7), and (4) p=¢(z). By analyz-
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ing these four equations, one can derive the celestial two-
body model of Einstein general relativity with the optical
agent OA(c) in the form of the Binet equation:

d?u GM 3hy 1
o tu=— 1+ 2Ky ( =_) 14
d(p2+u h,%( +- u) u=- (14)

Contrasting with Newton's equation of planetary mo-
tion (Eg. (7)), it can be seen that Einstein's equation of
planetary motion (Eg. (14)) has an additional item at the
right end, that is, the so-called orbital precession item:
3GM/c?r?.

This means that

(1) Einstein's equation of planetary motion is a non-
linear differential equation;

(2) Einstein's planetary orbit is constantly drifting and
spiraling, not an immutable and standard closed
ellipse.

For the detailed derivation of Einstein's equation of
planetary motion (Eq. (14)), see reference [15] or Chapter
16 of the 2% volume GOR in Observational Relativity !,

5.3 Einstein's Planetary Orbit
and Mercury's Perihelion Precession

Solving Einstein's equation of planetary motion (Eq.
(14)), one can get a tiny orbital or perihelion precession of
planets based on the item of orbital precession 3GM/c?r?
in Eq. (14).

Generally, the item of orbital precession in Einstein's
equation of planetary motion (Eq. (14)) is a small quantity:
3hk?/c?r’<<1. So, Einstein's equation of planetary motion
(Eqg. (14)) can be solved by making use of the progressive
approximation method 2!/,

By substituting u=GM (1+ecosg)/hk®> (Eq. (10))
into Eq. (14), one has

d?u GM 3GM ,

g2 T e 15
GM 3G3M3 e? e? (15)

:K W 1+?+Zecos<p+7c052<p

The progressive approximation solution of Eq. (15) is

GM 3G3M3 e?
u= +——(1+—= | (1 +ecosyp)

he g\ 2
16
3G3M3e _ € 052 10
+W(<psm(p—gcos (p)

At the perihelion P of the planetary orbit as depicted
in Fig. 2(b), it holds true that du/dp=0. Therefore, by tak-
ing the derivative with respect to ¢ at the both sides of Eqg.
(16), one has

3G*M? e e? _
W((p cos @ +§sm2<p —731n¢) =sing (17)
If the pcosg is not included in Eq. (17), then
3G2M? (2e e?\ . _
2 <? cos ¢ — 7) sing = sing@ (18)

Thus, sing=0. This suggests that if without the ¢cose,

Einstein's planetary orbits, like Newton's planetary orbits,
were a closed ellipse without precession.

If considering the orbital precession angle A¢g (<<1) of
a planet around a star as depicted in Fig. 1(d) with k=1,
then the angle that the planet sweeps over should be =27
+A@. Substituting it into Eq. (17), ignoring high-order
small quantities, then
Ao = 6mGiM?

¢= c2h%

Mercury's eccentricity e~0.206 is the largest in the so-
lar system. According to the recommendations of the In-
ternational Standards Organization:

(1) The speed of light is ¢=2.9979245x108 m-s%;

(2) The universal gravitational constant is
G=6.67430x10" m3kgts?

(3) The mass of the sun is M=1.98847x10%*kg;

(4) The mass of Mercury: m=3.301x10%*kg;

(5) The orbital angular momentum of Mercury is
L=8.9825x10%® kg-m?-s7%;

(6) The velocity moment of Mercury is
hk=L/m=2.7211x10"® m2.s%.

Then, with Eg. (19), one can calculate the orbital or
perihelion precession of Mercury during one revolution:

(rad) 19

GZ 2
Ap = 3.888 x 10° x — (arcsec)
Cong

(20)
= 0.1029 (arcsec)

Mercury's orbital period is Tm=87.961 day; Earth's or-
bital period is Te=365.24219 day. So, Mercury orbit pre-
cesses =100xA@pxTe/Tm=42.77 arcsec per century.

The orbital or perihelion precession angle ¢ of Mer-
cury calculated by Einstein at that time was 43.03 arcsec,
which was extremely consistent with the 43.11" that has
not yet found out a definite reason up to now. In a letter to
a friend, Einstein said: “The equation gives the correct
numbers for Mercury's perihelion. You could imagine how
happy | am. | couldn't help but be happy for several days.”

However, astronomical observation shows that the or-
bital or perihelion precession of Mercury is 5600.73 arcsec
per 100 Earth Years, which is far greater than the 43.03"
predicted by Einstein.

Einstein's 43.03" is far from the actual observed orbital
precession of Mercury, and so it is not enough to confirm
that Einstein's theory of general relativity and equation of
planetary motion correctly predicted the orbital or perihe-
lion precession of Mercury.

6 GOR Celestial Two-Body Problem:
the Unified Theory of Celestial Motion

The theory of Observational Relativity (OR), includ-
ing Inertial OR (IOR) and Gravitational OR (GOR) is that
of the general observation agent OA(7) (0<n<o0; p—>o).

The theory of GOR, as the gravitational theory of the
general observation agent OA(7), has generalized and uni-
fied Newton's theory of universal gravitation of the ideal-
ized agent OA., and Einstein's theory of general relativity
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of the optical agent OA(c).

The theory of GOR can be applied to the celestial two-
body problem to build the GOR model of the celestial two-
body system (M, m) and the GOR equation of planetary
motion. Based on the principle of general correspondence
and by analogizing to the logic of Schwarzschild and Ein-
stein, the GOR model of (M, m) and the GOR equation of
planetary motion can be derived from the GOR gravita-
tional-field equation and the GOR gravitational-motion
equation. Naturally, in the sense of the principle of general
correspondence, the GOR equation of planetary motion
has the strict isomorphically-consistent corresponding re-
lationship with Einstein's planetary motion equation.

Actually, similar to all formulae in the theory of OR
(both IOR and GOR), the GOR equation of planetary mo-
tion has also the strict isomorphically-consistent corre-
sponding relationship with Newton's equation of planetary
motion.

So, the theory of GOR has generalized and unified
Newton's model of the celestial two-body system and Ein-
stein's model of the celestial two-body system.

6.1 GOR Celestial Two-Body Problem

Like Einstein's celestial two-body problem, the GOR
celestial two-body problem is also highly idealized.

GOR Celestial Two-Body System (M, m): The large
celestial body M and the small celestial body m interact
through gravitational interaction, where M is stationary,
radiates gravity or gravitational force, and generates a
spherically-symmetric gravitational field, and m moves in
the gravitational field.

This is consistent with the statement of Newton's ce-
lestial two-body system (M, m).

The Idealized Conditions for Einstein's (M, m):
(1) Gravity is an action at a distance;

(2) (M, m) is an isolated system, both M and m are
mass points.

Actually, like Newton's theory of universal gravitation
and Einstein's theory of general relativity, the theory of
GOR also implies the hypothesis that gravity is an action
at a distance ['-+7],

The Coordinate System of GOR's (M, m): Like
Newton, choose Cartesian 3d coordinates (x,y,z) and cor-
responding spherical coordinates (r,6,¢) as depicted in
Fig. 2(a); set the large celestial body M as the coordinate
origin O, the small celestial body m moves in the plane of
X-Y (6=7/2) as depicted in Fig. 2(b).

Then, the GOR, Einstein and Newton's equations of
planetary motion has the formal comparability.

The GOR Observation Agent: The general observa-
tion agent OA(7n) (0<n<ow; n—), whose information-
wave speed 7 can be any speed value, not just the speed of
light c, and can even be idealized as infinity.

It is thus clear that the only and fundamental difference
between the GOR celestial two-body problem and Newton
and Einstein's celestial body two body problem lies only
in their observation agents.

In fact, both Newton's idealized agent OA. and

Einstein's optical agent OA(c) are just two special cases of
the general observational agent OA(7) in the theory of OR.

6.2 The Principle of General Correspondence

The principle of general correspondence is that pro-
posed by the theory of OR for deducing the gravitational
theory of the general observation agent OA(7) (0<#7 <o;
n—), that is, the theory of GOR, particularly for deriving
the GOR gravitational-field equation and gravitational-
motion equation -4,

Actually, the principle of general correspondence is
the generalization and unification of Bohr's principle of
correspondence and Galileo's principle of relativity.

Bohr's principle of correspondence pertains to the cor-
responding relationship between quantum physical models
and classical physical models, as well as, the correspond-
ing relationship between the optical agent OA(c) and the
idealized agent OA.., embodying the idea of “All Obser-
vation Agents are Equal!”.

Galileo's principle of relativity pertains to the corre-
sponding relationship of the space-time transformations
between different reference frames or different observers,
embodying the idea of “All Observers are Equal!”. The
Inertial OR (i.e., the theory of IOR) and the general Lo-
rentz transformation of OR further clarified that ['-*! all ob-
servers, regardless of their reference frame or their obser-
vation agents, are equal or have the equal right, so that
their physical models must be the same in form or have the
isomorphic and consistent corresponding relationship.

So, the principle of correspondence and the principle
of relativity can be unified into the principle of general cor-
respondence under the concept of Equal Rights for All
Observers or All Observation Agents.

The Principle of General Correspondence (PGC):
The universe or spacetime is symmetric, therefore, all ob-
servers in the universe or spacetime, regardless of their ref-
erence frame or observation agents, are equal or have the
equal right, and so, their physical laws or physical models
must be the same in form, or in other words, have the iso-
morphic and consistent corresponding relationship.

Following the PGC principle, one can perform the iso-
morphically-consistent transformation of a physical mod-
el, law, or even theory between different observers O and
O’ or different observation agents OA(#71) and OA(772).

The application of the PGC principle can follow two
distinct logical ways.

PGC Logical Way 1:

Based on the PGC principle, directly replacing 71 with
772, one can transform the physical quantity U(71) ob-
served with OA(r71) into the physical quantity U(72) ob-
served with OA(772), and transform the physical models of
OA(r71) into the physical models of OA(72) isomorphi-
cally and uniformly.

PGC Logical Way 2:

(1) Firstly, based on the PGC principle, transform the
axiom system or logical premises of the theoreti-
cal system of OA(771) into those of the theoretical
system of OA(r772) isomorphically and uniformly;

(2) Secondly, based on the axiom system or logical
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premises of the theoretical system of OA(72)
transformed from OA(71), following or analogiz-
ing the logic of the theoretical system of OA(71),
one can deduce the theoretical system of OA(72).

For the detailed statement of the PGC principle, see
Chapter 11 of the 2t volume GOR in Observational Rela-
tivity (-4,

6.3 GOR Model of Celestial Tow-Body System

Now, the PGC principle can be applied to the GOR
celestial two-body problem to solve the GOR gravita-
tional-field equation and to derive the GOR celestial two-
body model or the GOR equation of planetary motion from
the GOR gravitational-motion equation.

Einstein's celestial two-body model adopts the optical
agent OA(c), the information wave of which is light or
electromagnetic wave and transmits observed information
at the speed of light c. The GOR celestial two-body model
adopts the general observation agent OA(7), the infor-
mation-wave speed 7 of which can be any speed: 0<7<w
and even n—co in theory.

Based on the PGC principle and following PGC logi-
cal way 1, by analogizing with Schwarzschild exact solu-
tion %21, one can obtain the exact solution of GOR gravita-
tional-field equation for a spherically-symmetric gravita-
tional spacetime, that is, the spacetime metric in the spher-
ical coordinate form of gravitational spacetime observed
by the general observation agent OA(7), denoted as

Gy (r, ) 140
Goo(r,m) =1 —2GM/1*r
911, m) = —(1 = 2GM/nPr)~?
922(r, ) = =12 (21)
g33(r,m) = —r?sin? @
Lguv(r' m=0 (u=+v)

where the information-wave speed 7 of OA(7) replaces
the information-wave speed ¢ of OA(c) in Schwarzschild
exact solution (Eq. (11)).

By substituting Eq. (21) into the equation of the line
element ds of the theory of GOR, one has

ds? = g, dx#dx¥  (u,v =0,1,2,3)

2GM 26M\"!
=(1— > )nzdtz—(l— > ) drz (22
n°r nr

—r2df? — r? sin? 6 dp?
By substituting Eq. (21) into the GOR gravitational-
motion equation of the theory of GOR, one has

( d*x* L dx@ dxP 3
dz2 B dr dr
1 23
kl—'al;; (r,m) = Eguv(gav,ﬂ + 9vga — gﬁ'a,v) 23)
(x°=ct, xt =1, x2=0, x3 = ¢)

where t is the observed time (Einstein called it coordinate
time), and 7 is the intrinsic time (Einstein called it standard
time); I'“,5(r,n) is the connection of the gravitational
spacetime observed by OA(7).

Equation (23) has four equations (x=0,1,2,3): (1)
t=t(2), (2) r=r(72), (3) =6(7), and (4) ¢p=¢(7z). By ana-
lyzing these four equations, based on the PGC principle
and following PGC logical way 2, analogizing with the
logic of deducing Einstein's celestial two-body model
stated in Sec. 5.2 1, one can derive the GOR celestial
two-body model of the theory of GOR with the general ob-
servation agent OA(#) in the form of the Binet equation:

+3:;—212(u2> (u:%) (24)

It is obvious that the GOR celestial two-body model
(Eq. (24)) and Einstein's celestial two-body model (Eqg.
(14)) has the isomorphically-consistent corresponding re-
lationship.

+u

d?u _GM L
de? =~ hZ

Like Einstein's equation of planetary motion (Eqg.
(14)), the GOR equation of planetary motion (Eq. (24))
also has an item of orbital precession: 3GM/7n?r?. This
suggests that, if 77<co, then the GOR equation of planetary
motion is also a nonlinear differential equation, in which
the planetary orbit is also drifting and spiraling constantly,
not an immutable and standard closed ellipse.

For the detailed derivation of GOR equation of plane-
tary motion (Eq. (24)), see Chapter 16 of the 2% volume
GOR in Observational Relativity [,

6.4 The Unified Theory of Celestial Motion

The theory of GOR has clarified !'*! that the motion of
celestial bodies lies in the action of universal gravitation,
rather than spacetime curvature. There are two major the-
oretical systems for gravity in physics: one is Newton's
theory of universal gravitation ['*); the other is Einstein's
theory of general relativity. So, the theory of celestial mo-
tion can also be divided into two major schools: Newton's
theory of celestial motion; Einstein's theory of celestial
motion. Undoubtedly, the unification of the two major
schools is of great significance.

Like all the relations in the theory of OR, the GOR ce-
lestial two-body model (Eq. (24)), as the general observa-
tion agent OA(7), has a high degree of generalization and
unification, which has generalized and unified Newton's
celestial two-body model (Eq. (7)) with the idealized agent
OA.. and Einstein's celestial two-body model (Eq. (14))
with the optical agent OA(c).

As n—o, Newton's celestial two-body model or plan-
etary-motion equation (Eq. (7)) strictly converges to the
GOR celestial two-body model or the GOR planetary-mo-
tion equation (Eq. (24)):

d?u GM
—+ u = lim {— (1

3hy GM
+—u?|p=— 25
de? - hE n? >} h2 (25)

K

As n—c, Einstein's celestial two-body model or plan-
etary-motion equation (Eq. (14)) strictly converges to the
GOR celestial two-body model or the GOR planetary-mo-
tion equation (Eq. (24)):
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d?u - (GM 3hk
—tu=lim{—|(1+—u
dg? n-c  hy n?

2
= g (1 + %—Ku2>
So, both Newton's equation of planetary motion and
Einstein's equation of planetary motion are special cases
of GOR equation of planetary motion, serving their respec-
tive specific observation agents.

The celestial two-body problem is the most fundamen-
tal and representative problem in the theory of celestial
motion. The unification of Newton's equation of planetary
motion and Einstein's equation of planetary motion within
the theory of GOR means the unification of Newton's the-
ory of celestial motion and Einstein's theory of celestial
motion: Newton's theory of celestial motion serves the ide-
alized agent OA..; Einstein's theory of celestial motion
serves as the optical agent OA(c).

In particular, this suggests that the GOR celestial two-
body model is logically consistent with both the Newton's
celestial two-body model and the Einstein celestial two-
body model. This, from one aspect, confirms the logical
self-consistence and theoretical validity of the GOR plan-
etary-motion equation, the GOR celestial two-body model,
and even the theory of GOR.

(26)

7 Re-Examining Einstein’s Prediction
from the Perspective of OR

Newton's equation of planetary motion (Eq. (7)) have
no orbital precession item, and so cannot predict the orbital
or perihelion precession of a planet around a star. Ein-
stein's equation of planetary motion (Eq. (14)) has the so-
called orbital precession item: 3GM/c?r?, and so seems to
be able to predict the orbital or perihelion precession of a
planet around a star. Although Einstein's theoretical pre-
diction on the orbital or perihelion precession of Mercury,
that is, the 43.03" per century, is far less than the actual
observed 5600.73 arcsec per century, the mainstream
physics community believes that Einstein's theory of gen-
eral relativity is better than Newton's theory of universal
gravitation. But why could not Einstein predict the other
5557.70 arcsec of Mercury perihelion's precession?

From the broad perspective of the general observation
agent OA(7) (0<n<oo; n—o) of the theory of OR, based
on the GOR equation of planetary motion (Eq. (24)), we
will re-examine Einstein's theoretical prediction on the or-
bital or perihelion precession of Mercury the root and es-
sence of Einstein's 43.03" per century.

7.1 GOR Prediction
on Planet's Orbital Precession

Now, like Einstein's equation of planetary motion (Eq.
(14)), the GOR equation of planetary motion (Eq. (24))
also has an orbital precession item: 3GM/#7?r?, which
seems to be able to predict the orbital or perihelion preces-
sion of planets too, e.g. that of Mercury.

Based on the PGC principle, following PGC logical
way 1 or PGC logical way 2, by following or analogizing

the logic of solving Einstein's equation of planetary motion

(Eq. (14)) stated in Sec. 5.3, one can obtain the progressive

approximation solution to GOR equation of planetary mo-
tion (Eq. (24)):
GM 3G3M3 e?

u={ <1+—>}(1+ecosgo)

W phk 2
- 27
3G°M-e ) e
+W(q)sm<p—gc052go)
K

At the perihelion P of the planetary orbit as depicted
in Fig. 2(b), it holds true that du/d@=0. Therefore, by tak-
ing the derivative with respect to ¢ at the both ends of Eqg.
(27), one has

3G*M? e e? :
22 <pc05<p+§sm2<p—7sm(p =sing (28)
nmhyg

If considering the orbital precession angle A¢ (<<1) of
a planet around a star as depicted in Fig. 1(d) with k=1,
then the angle the planet sweeps over should be ¢=27
+A@. Substituting it into Eq. (28), ignoring high-order
small quantities, then one has the GOR precession-angle
equation as below:

A 6mG*M? q
p=——— ra
n2hi; 29)
2142
= 3.888 x 10° x - arcsec
n2hy

where 7, as the speed of the information wave of the gen-
eral observation agent OA(7) (0<7<oo; n—®), can in the-
ory be a speed of any form of matter motion, not neces-
sarily the speed of light c.

It is worth noting that the precession angles of both
Newton's planetary orbit and Einstein's planetary orbit can
be calculated with the GOR precession-angle equation
(Eqg. (29)). According to Eq. (29), under Newton's ideal-
ized agent OA.,, n—x, Ap=0, and so, Newton's planetary
orbit has no precession, which is consistent with the con-
clusion of Newton's equation of planetary motion (Eg.
(7)); under the optical agent OA(c), n—c¢, Ap=0.1029"
for every revolution of Mercury, that is, 42.73" per cen-
tury, which is consistent with the conclusion of Einstein's
equation of planetary motion (Eq. (14)).

Itis thus clear that Newton's equation of planetary mo-
tion (Eq. (7)) and Einstein's equation of planetary motion
(Eqg. (14)) are indeed only two special cases of the GOR
equation of planetary motion (Eq. (24)).

7.2 Einstein's Prediction of the 43.03":
An Apparent Precession

It should be pointed out that, although the GOR equa-
tion of planetary motion can also predict the orbital or per-
ihelion precession of planets and conclude that Mercury's
orbital or perihelion precesses by 43.27” every 100 Earth
Years (with current data), it does not mean that the 43.27"
is a part of the objectively existing precession of Mercury.

According to the GOR equation of planetary motion
(Eq. (24)) with the GOR precession item 3GM/ 7%r? and the
GOR precession angle Ap=67G>M?/n?h«? (Eq. (29)), the
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planetary precession presented in the GOR celestial two-
body model depends on the observation agent OA(#), or
more accurately, depends on the speed 7 of the infor-
mation wave of OA(n): for the same planet, its orbital or
perihelion precession observed or presented by different
observation agents must be different.

This fact indicates that the so-called perihelion preces-
sion presented in the GOR equation of planetary motion,
including Einstein's equation of planetary motion as a spe-
cial case, is not the objectively existing planetary-orbit
precession. In essence, it is just a sort of observational ef-
fect or an apparent phenomenon caused by the observa-
tional locality (7<) of the observation agent OA(#).

The theory of OR has been clarified ! that all rela-
tivistic effects, including the special (inertial) relativistic
and the general (gravitational) relativistic, are observa-
tional effects and apparent phenomena, the root and es-
sence of which lie in the observational locality (7<) of
mankind's observation agent OA( 7). All relativistic effects
in Einstein's theory of relativity are observational effects
and apparent phenomena caused by the observation local-
ity (c<c0) of the optical agent OA(c): the speed of light is
not really invariant; spacetime is not really curved.

Einstein's equation of planetary motion, as a model of
the optical agent OA(c), is a special case of GOR equation
of planetary motion. So, according to Eq. (29) and Eqgs.
(19-20), Einstein's theoretical prediction that Mercury's
perihelion precesses by 43.03" per century is only a rela-
tivistic apparent phenomenon caused by the observational
locality (c<) of the optical agent OA(c).

Mirage does not really exist. However, you may have
indeed seen the beauty of a mirage. Seeing may not neces-
sarily be real, however, the history data recorded by optical
astronomical observation may indeed record and contain
the 43.03"” of Mercury precession predicted by Einstein,
although it is only an apparent phenomenon caused by the
observation locality (c<co) of the optical agent OA(c), and
not the objectively and really existing precession of Mer-
cury's perihelion.

Thank God for bestowing light upon mankind. Thanks
to light with such a huge speed of 3x108 m-s~2, our percep-
tion or observation of the physical world can be so close to
the objective and real physical reality. Taking the observa-
tion of Mercury in optical astronomy as an example, the
authenticity is greater than 99% and the non-authenticity
is less than 1%.

According to the theory of OR 471 the speed of grav-
itational wave x must be much greater than the speed of
light c. If mankind can truly develop gravitational wave
astronomy @1 and the speed « of gravitational wave is
truly as calculated by Laplace: x>7x10%c 4], or as calcu-
lated by Flanders: x=2x10'% [2°], then the observational
locality of the gravitational-wave observation agent OA(x)
will be very small. The apparent precession angle per cen-
tury of Mercury orbit observed with OA(x) will only be
43.27x(c?/x*)~0 arcsec that is close to that of Newton's
idealized observation agent OA...

7.3 The Support for OR
from Astronomical Observation

The theory of OR does not doubt that the orbit or per-
ihelion of a planet in the real universe is precessing. Actu-
ally, due to various objective and non-idealized factors, the
orbits of all celestial bodies in the universe must not be a
standard and closed circle or ellipse. And a planet cannot
permanently orbit a star in a fixed plane.

In the objective and real physical world, the orbital or
perihelion precession of planets is natural and inevitable,
which is not the so-called Abnormal Precession.

However, whether it is Newton's theory of universal
gravitation or Einstein's theory of general relativity, or
even the theory of GOR, the idealized celestial two-body
model has no prior knowledge or information about the or-
bital or perihelion precession of planets. Therefore, it is
impossible for Newton and Einstein and even GOR to
make theoretical predictions about the objective and real
orbital precession of planets.

As is well known, astronomical observation shows
that Mercury's perihelion precesses by 5600.73 arcsec per
century. After deducting 5557.62 arcsec caused by equi-
noxes and perturbations, there are still 43.11 arcsec left
that has not yet found the right reason up to now.

There are two possibilities for this:

(1) The 43.11" is a small quantity, less than 0.8% of
5600.73 arcsec, which may be an observational er-
ror or due to other unconsidered objective and
non-idealized factors;

(2) The history data of optical astronomical observa-
tion did indeed record and contain the apparent
42.77" precession of planetary orbits caused by
the observational locality (c<w) of the optical
agent OA(c) predicted by the theory of GOR.

Neither the first nor the second implies that Einstein's
general theory of relativity or his equation of planetary
motion can make theoretical prediction about the real or-
bital or perihelion precession of Mercury.

If it is the second, then the left 43.11"” has had the right
reason: it is not the objective and real orbital or perihelion
precession of Mercury, but the observational effect and ap-
parent phenomenon presented by the optical agent OA(c).
So, the left 43.11"” of Mercury is not a support for Einstein,
but the support for the theory of OR: an observation agent
OA(7), such as the optical agent OA(c) (77=c), does indeed
present observational effects and apparent phenomena
caused by the observational locality (77<w) of OA(7). In
other words, the history astronomical-observation data of
Mercury provides another empirical evidence for the the-
ory of OR, including the theory of GOR and the GOR
equation of planetary motion.

Conclusion

The theory of Observational relativity (OR), as a new
theory in human being's physics, has brought new discov-
eries and new insights.

The OR serial reports are aimed to interpret the theory
of OR for readers. OR Serial Report 1 reported I the
speed of light is not really invariant; spacetime is not really
curved. OR Serial Report 2 reported ©I: the rest mass of
photons is not really zero. OR Serial Report 3 reported ["):
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Einstein’s prediction of gravitational waves is a historic
mistake

Now, OR Serial Report 4 reports to readers that Ein-
stein's prediction about the precession of Mercury's orbit
or perihelion is not the objectively physical existence.

All theories or models of physics must be tested and
verified through observation and experiment. For the the-
ory of general relativity, Einstein proposed three famous
predictions, gravitational redshift and gravitational deflec-
tion, as well as, the perihelion precession of Mercury, not
only provided the testing and verifying ways for his theory
of general relativity, but also for Newton's theory of uni-
versal gravitation and even the theory of GOR.

It seems that, so far, all observations and experiments
on the gravitational redshift and gravitational deflection of
light, as well as, the precession of Mercury, tend to support
Einstein's theory of general relativity. It is these observa-
tions and experiments that establish the status for Einstein
general relativity in physics akin to that of the Bible.

As clarified by the theory of OR, however, the support
of observation and experiment for Einstein's theory of rel-
ativity does not suggests that Einstein's relativity theory is
better than Newtonian mechanics. In fact, most human ob-
servations and experiments adopt the optical agents
OA(c), so that they naturally tend to support Einstein's rel-
ativity theory. If mankind could have the idealized obser-
vation agent OA.., then his observations and experiments
would tend to support Newtonian mechanics.

Newtonian classical mechanics and Einstein relativity
theory are just two partial theories of the theory of OR. In
this regard, an observation or experiment, no matter it sup-
ports Newtonian classical mechanics or Einstein relativity
theory, must also be a support for the theory of OR.

However, mankind's observation and experiment do
not represent the objectively real physical world.

OR Serial Report 4 focuses on re-examining Einstein's
theoretical prediction about the orbital or precession of
Mercury from the perspective of the theory of OR. The
theory of OR does not doubt that the actual orbit of a planet
around a star is a non-standard and non-closed ellipse, and
that the actual orbit and perihelion of a planet must be
drifting and precessing constantly. And the author even be-
lieves that the actual orbits of a planet must not be perma-
nently fixed on a specific plane.

However, whether it is Newton's equation of planetary
motion, Einstein's equation of planetary motion, or even
the GOR equation of planetary motion, it is a highly ideal-
ized models of celestial two-body system, with no prior
information about the orbital or perihelion precession of a
planet around a star. Therefore, it is impossible for Newton
and Einstein and GOR to make theoretical predictions
about the actual orbital or perihelion precession of planets.

As a theoretical model with the general observation
agent OA(n) (0<p<ow;n—o), the GOR celestial two-
body model (Eg. (24)) indicates that the orbital precession
item 3GM/7?r? of the GOR equation of planetary motion
depends on the observation agent OA(7) and the speed 7
of the information wave of OA(7), and so the orbital pre-
cession angle A@(7) of a planet in Eq. (29) varies with

different observation agents. This fact suggests that the
GOR equation of planetary motion, including Einstein's
equation of planetary motion as a special case (77 =) of it,
cannot predict the actual orbital or perihelion precession of
planetary orbits.

According to the statement in Sec. 7.3, we have reason
to believe that the history data of optical astronomical ob-
servation does indeed record and include the apparent pre-
cession of Mercury's 43.27 arcsec per century caused by
the observation locality (c<) of the optical agent OA(c).
Thus, the left 43.11" orbital precession of Mercury has
found the right reason: it is an observational effect and ap-
parent phenomenon presented by the optical agent OA(c),
not the objectively real orbital precession of Mercury.

It is thus clear that the observation value of the left
43.11" in the history data of Mercury is not the support for
Einstein's theory of general relativity and his prediction
about the orbital or perihelion precession of Mercury, but
the support for the theory of OR.

So, the history data of Mercury provides another em-
pirical evidence for the theory of OR.

As stated in Sec. 6.4, the GOR celestial two-body
model has generalized and unified Newton and Einstein's
celestial two-body models: Newton and Einstein's equa-
tions of planetary motion are only two special cases of the
GOR equation of planetary motion. This suggests that the
GOR equation of planetary motion is logically consistent
with both Newton's equation of planetary motion and Ein-
stein's equation of planetary motion. The unification of
Newton and Einstein's celestial two-body models in the
theory of GO once again confirms the logical self-con-
sistency and theoretical validity of the theory of OR.

Reference

[1] Ruan X. G., The Theory of Observational Relativity: The
Unity of Newton and Einstein (Chinese version: ISBN 978-7-
5639-8668-2). Beijing University of Technology Press, 2024.

[2] Ruan X. G., Observation and relativity: why is the speed of
light invariant in Einstein’s special relativity? (in both Chi-
nese and English) Journal of Beijing University of Technol-
ogy, 2020, 46: 82-124.

[3] Ruan X. G., General observational relativity: why is
spacetime curved in Einstein’s general relativity? (in both
Chinese and English) Journal of Beijing University of Tech-
nology, 2023, 49: 1-100; 101-200.

[4] Ruan X. G., Observational Relativity: The Unity of Newton
and Einstein. Figshare DOI 10.6084/m9.figshare.24793032;
The First Volume_Inertially Observational Relativity (IOR),
ResearchGate DOI 10.13140/RG.2.2.12337.29289, viXra:
2312.0033; The Second Volume_Gtavitationally Observa-
tional Relativity (GOR). ResearchGate DOI
10.13140/RG.2.2.27436.78720, viXra: 2312.0031; 2025.

[5] Ruan X.G. OR Serial Report 1: A new theory with signifi-
cant discoveries. Figshare DOI 10.6084/m9.figshare.
28693517; ResearchGate DOI 10.31219/osf.io/fbcjw_v1,
viXra: 2503.0192; F1000Research,
https://doi.org/10.12688/f1000research.165017.1, 2025.

[6] Ruan X.G. OR Serial Report 2: Exploring the Objective and
Real Mass of Photons. Figshare DOI 10.6084/m9.figshare.
29833580; ResearchGate DOI 10.13140/RG.2.2.28995.
52006, viXra: 2508.0044; F1000Research,
https://doi.org/10.12688/f1000research.170204.1, 2025.

[71 Ruan X. G. OR Serial Report 3: Einstein’s Prediction of

OR page-15


https://doi.org/10.12688/f1000research.165017.1
https://doi.org/10.12688/f1000research.170204.1

OR Serial Report 4: Reexamining Einstein's Prediction on Mercury

Gravitational Waves is an Error. Figshare DOI
10.6084/m9.figshare. 30812864; ResearchGate DOI
10.13140/RG.2.2.21267. 54568, viXra: 2512.0029;
F1000Research, https://doi.org/10.12688/f1000re-
search.175183.1, 2025.

[8] Einstein A., Zur Elektrodynamik bewegter K&per. Annalen
der Physik, 1905, 17: 891-921.

[9] Einstein A. Grundlage der allgemeinen Relativit&stheorie.
Annalen der Physik, 1916, 49: 769-822.

[10] Gingerich O., Ptolemy, Copernicus, and Kepler. The great
ideas today. Eds, MJ Adler & J. van Doren, 1983: 137-180.

[11] Goldstein B. R., Copernicus and the Origin of his Heliocen-
tric System. Journal for the History of Astronomy, 2002, 33:
219-235.

[12] Russell J. L., Kepler's laws of planetary motion: 1609—-1666.
The British journal for the history of science, 1964, 2: 1-24.

[13] Newton I., The Mathematical Principles of Natural Philoso-
phy (1687). Dawsons of Pall Mall, 1968.

[14] Zeleznikar A. P., Informon -- An emergent conscious compo-
nent. Informatica, 2002, 26: 431-419.

[15] Wu D., Theoretical Physics (Vol. 4): Relativity Theory, Bei-
jing: Science Press, 1983.

[16] Stanley, Matthew. An Expedition to Heal the Wounds of
War: The 1919 Eclipse and Eddington as Quaker Adventurer.
Isis, 2003, 94: 57-89.

[17] Dyson F. W., Eddington A. S., and Davidson C. A determi-
nation of the deflection of light by the Sun’s gravitational
field, from observations made at the total eclipse of 29 May
1919. Philosophical Transactions of the Royal Society, 1920,
220A: 291-333.

[18] Bruns D. G. Gravitational starlight deflection measurements
during the 21 August 2017 total solar eclipse. Classical and
Quantum Gravity, 2018, 35: 075009.

[19] BraultJ. W., Gravitational redshift of solar lines. The Bulle-
tin of the American Physical Society, 1963, 8: 28.

[20] M&sshauer R. L., Kernresonanzfluoreszenz von gammastrah-
lung in Ir 191. Zeitschrift fUr Physik, 1958, 151: 124-143.

[21] Zhao Z. Introduction to General Relativity (Series 8): Experi-
mental verification of general relativity. University Physics
(in Chinese), 2012, 31: 62-65.

[22] Schwarzschild K., Uber das Gravitationsfeld eines Massen-
punktes nach der Einsteinschen Theorie. Sitzungsberichte der
K&niglich Preussischen Akademie der Wissenschaften,

1916, 7: 189-196.

[23] Blair D, Ju L, Zhao C, et al. Gravitational wave astronomy:
the current status. SCIENCE CHINA: Physics, Mechanics &
Astronomy, 2015, 58: 120402.

[24] Laplace P. S., A Treatise in Celestial Mechanics. Vol. IV,
Book X, Chapter VII (1805). (Translated by N. Browditch),
Chelsea, New York, 1966.

[25] Van Flandern T., The speed of gravity — What the experi-
ments say. Physics Letters A, 1998, 250: 1-11.

OR page-16


https://doi.org/10.12688/f1000research.175183.1
https://doi.org/10.12688/f1000research.175183.1

