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Abstract: The Theory of Observational Relativity, the theory of OR for short, is a
new discovery and a new theory, which has revealed the root and essence of
relativity: All relativistic effects or relativistic phenomena are observational effects
and apparent phenomena rather than the objective and true physical reality. In
particular, the whole theoretical system of OR has generalized and unified Newton’s
mechanics and Einstein’s theory of relativity, integrating such two great theories in
physics into the identical theoretical system under the identical axiom system. The
theory of OR is divided into two parts: the theory of inertially observational
relativity (IOR); the theory of gravitationally observational relativity (GOR). The
theory of GOR takes the three principles of GOR as its axiom system: (1) the
principle of GOR equivalence; (2) The Principle of GOR covariance; (3) the
principle of the invariance of information-wave speeds. Based on the three
principles of GOR, by following or by analogizing the logic of Einstein’s general
relativity, the author has established the whole theoretical system of GOR, including
the field equation of GOR and the motion equation of GOR. GOR’s field equation
has generalized and unified Einstein’s field equation and Newton’s field equation
(i.e., the Poisson equation form of Newton’s law of universal gravitation). GOR’s
motion equation has generalized and unified Einstein’s motion equation and
Newton’s motion equation (i.e., the second law form of Newton’s law of universal
gravitation). The theory of GOR has proved an important theorem: the theorem of
Cartesian spacetime which suggests that the objectively real spacetime could never
be curved. So, spacetime is not really curved. Finally, the theoretical system of GOR
has generalized and unified Newton’s theory of universal gravitation and Einstein’s
theory of general relativity. It suggests that the theory of GOR is logically consistent
not only with Einstein’s theory of general relativity but also with Newton’s theory of
universal gravitation. Such logical consistency and strict correspondence show that
the theory of GOR is logically self-consistent, and confirm the logical rationality and
theoretical validity of the theory of GOR.
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Introduction to GOR

The theory of Observational Relativity (OR), the theory of OR for short,
consists two parts: the 15t volume of OR: Inertially Observational Relativity (IOR)
generalizes Einstein’s theory of special relativity and Newton’s theory of inertial
mechanics; the 2" volume of OR: Gravitationally Observational Relativity
(GOR) generalizes Einstein’s theory of general relativity and Newton’s theory of
universal gravitation.

Before the birth of Einstein’s theory of special relativity, people believed in
Galileo’s doctrine 2% and Newton’s laws [81: space and time are independent of
each other, inertial spacetime follows the Galilean transformation and inertial
motion follows Newton’s mechanics. After the birth of Einstein’s theory of special
relativity "], people turned to believe in Einstein’s theory: space and time are
interdependent of each other, inertial spacetime follows the Lorentz transformation
and inertial motion follows Einstein’s relativity.

The theory of special relativity was established by Einstein in 1905 based on the
hypothesis of the invariance of light speed, However, people do not understand the
essence of the invariance of light speed and the relativistic phenomena of spacetime
and matter motion in Einstein’s theory of special relativity.

The 1% volume of OR: Inertially Observational Relativity (IOR) has
established the theory of IOR, generalizing and unifying Galileo and Newton’s
inertial mechanics and Einstein’s special relativity, revealing the root and essence of
relativistic phenomena in inertial spacetime and inertial motion.

The theory of IOR provides us with an entirely new understanding of Einstein’s
theory of special relativity and inertial spacetime.

The theory of IOR tells us that the speed of light is not really invariant.

Now, the 2" volume of OR: Gravitationally Observational Relativity (GOR)
will work to establish the theory of GOR, generalizing and unifying Newton’s
theory of universal gravitation and Einstein’s theory of general relativity, revealing
the root and essence of the relativistic phenomena of gravitational spacetime and
gravitational interaction.

The theory of GOR will provide us with an entirely new understanding of
Einstein’s theory of general relativity and gravitational spacetime.

The theory of GOR will tell us that spacetime is not really curved.
Einstein’s General Relativity and Spacetime Curvature [°!

Before the birth of Einstein’s theory of general relativity, people believed in
Newton’s law of universal gravitation [:
All matter bodies in the universe gravitate towards each other due to the effect

universal gravitation. It is the universal gravitation that controls the motion of the
sun, the moon, and stars in the universe.

In 1915, after ten years of his theory of special relativity, Einstein established
the theory of general relativity, extending his relativity theory from inertial



spacetime to gravitational spacetime. Einstein’s theory of general relativity achieved
great success. Based on his theory of general relativity, Einstein made the three
famous predictions: (1) gravitational redshift, (2) gravitational deflection, and (3)
Mercury’s anomalous precession, which were all verified and supported by
observations and experiments.

Thus, people turn to believe in Einstein’s theory of general relativity.

Both Einstein’s theory of general relativity and Newton’s theory of universal
gravitation are the theories about gravitational interaction, which are the two greatest
theoretical systems in the history of human physics.

However, Einstein’s understanding of gravity is different from Newton’s.

Newton believed that all matter bodies in the universe gravitated towards each
other due to the effect universal gravitation, and the motion of all matter bodies in
the universe followed the law of universal gravitation 1. In this way, Newton could
explain why the moon revolves around the earth and why the earth revolves around
the sun. Einstein believed that matter and energy made spacetime curved, and the
curved spacetime made matter bodies move. In this way, Einstein could seemingly
also explain why the moon revolves around the earth and why the earth revolves
around the sun.

In his theory of general relativity, Einstein geometrized gravitational spacetime
and made it become a curved spacetime.

It is based on the idea of spacetime curvature that Einstein had established the
whole theoretical system of his general relativity by means of curved Riemannian
geometry (1111 as the mathematical tool.

However, just as we cannot understand Einstein’s invariance of light speed, nor
can we understand Einstein’s spacetime curvature. Actually, the so-called spacetime
curvature is also a relativistic effect, which is the logical consequence of the
invariance of light speed. People cannot understand the invariance of light speed as
the logical premise, and naturally, cannot understand the spacetime curvature as the
logical consequence.

You can feel the effect of the gravitational pull of the earth, but you cannot feel
the curvature of spacetime, no matter the curvature of space or the curvature of time.

Anyway, you could not imagine how spacetime to be curved.

Time is just time, without geometric property, which does not matter whether
flat or curved. The curved time is beyond human reason. Space is just space, and
likewise, it does not matter whether flat or curved. In 3d space, you can construct
any manifold, no matter flat or curved.

Nevertheless, the mainstream school of physics still believe in the theory of
spacetime curvature, and take it to the extreme:

The accumulation of matter and energy caused spacetime curvature, and
spacetime curvature caused the contraction of the universe. The contraction of the
universe made matter and energy further accumulated, spacetime further curved, and
the universe further contract. Such an evolving process eventually led the universe
to contract into a point where spacetime was infinitely curved and the curvature of



spacetime was infinite. Thus, with a tremendous crash (no one had heard), a new
universe had been born in the Big Bang. So, there had been numerous galaxies, the
milk way, the solar system, the earth, the moon, and then, our human beings.

According to Hubble, the universe is still expanding today 112,
This is regarded as the evidence of the Big Bang.

From the Principle of general correspondence to GOR [29:30]

The 2" volume of OR: Gravitationally Observational Relativity (GOR)
attempts to establish the theory of General Observational Relativity (GOR) or
Gravitationally Observational Relativity (GOR), the theory of GOR for short,
extending the theory of OR from the inertial spacetime S, of IOR theory to the
gravitational spacetime Sg of GOR theory, and at the same time, extending
Einstein’s theory of general relativity from the optical observation agent OA(c) to
the general observation agent OA(7).

Einstein’s theory of special relativity is the foundation of Einstein’s theory of
general relativity, and naturally, the logical premises and consequences of Einstein’s
special relativity, including the invariance of light speed, would be the logical
premises of Einstein’s general relativity.

Likewise, the theory of IOR is the foundation of the theory of GOR. Therefore,
the logical premises and consequences of IOR theory, including the invariance of
information-wave speeds, would be the logical premises of GOR theory.

The theory of OR, no matter from the theory of IOR to GOR or from Einstein’s
theory of general relativity to GOR, has a logical shortcut to follow: to analogize or
follow the logic of Einstein’s general relativity. In order to pave such a logical
shortcut for the theory of GOR, the theory of OR builds a principle based on the
Bohr correspondence principle and the principle of relativity: the Principle of
General Correspondence (GC), the principle of GC for short.

In the history of physics, Bohr’s Correspondence Principle has special status [,
Bohr’s correspondence principle elucidates the corresponding relationship between
guantum physics and classical physics: if the Planck constant h—0, then quantum
system isomorphically and uniformly converges to classical system. This suggests
that quantum mechanics and classical mechanics are isomorphically consistent and
therefore logically connected. More importantly, Bohr’s correspondence principle
has become the important ideological foundation and guiding principle for
developing new theoretical systems or models in physics. It is based on his
correspondence principle that Bohr developed his atomic structure model [577],
Moreover, it is Bohr’s correspondence principle that led to the establishment of
matrix mechanics (1131151 and promoted the development of quantum theory [116:117],

The theory of OR discovers that (see the theory of IOR and the theory of OR
matter waves in the 1t volume of OR) [2627): The Planck constant h is actually a
parameter of the optical observation system, that is, the energy-frequency ratio of
the informons (photons) of the optical agent OA(c), representing the observational
resolving-power of OA(c) or the observational uncertainty of OA(c).

Actually, different observation systems or different observation agents (OA(7)



(n€(0,+))) have different information-wave speeds (7<(0,+x)) and different
informon energy-frequency ratios (h,e(0,+))), and therefore, have different
observational resolving-power: Ax(7)Ap(7) >/, (see the principle of measuremental
uncertainty in BP-08.3 of Chapter 9 in the 1%t volume of OR).

In the theory OR matter waves, the energy-frequency ratio h,, of the informons
of OA(n) is the general Planck constant h,, in the general Planck equation E=h,,,?.
With regard to the general Planck constant h,, the theory of OR matter waves has an
extremely important identity, so-called the identity of general Planck constant
(GPC): h,n=C (C=hc), the GPC identity for short. The GPC identity h,n=hc
suggest that the Planck constant h is only a special case of the general Planck
constant h,;: h,=h if and only if OA(#) is the optical agent OA(c) (r7—c).

It should be pointed out that the GPC identity h,n=hc is exactly the
mathematical formalization of Bohr’s correspondence principle: 7—o as h,—0,
and then the system of quantum mechanics is isomorphically and uniformly
transformed into the system of classical mechanics.

The principle of general correspondence reflects the internal connection between
different theoretical systems in physics, and at the same time, reflects the internal
connection between different observation systems in physics, endowing the Bohr
correspondence principle with more universal significance.

According to the theory of OR and the principle of general correspondence,
theoretically or logically, all theoretical systems of physics have the intrinsic
corresponding relationship, have the common logical premises, and are based on the
identical axiom system. Actually, Bohr’s correspondence principle, the principle of
special relativity or the Galilean invariance, even the principle of general covariance
and the principle of equivalence, are all the principles about the corresponding
relationships between different theoretical systems of physics.

The principle of general correspondence has generalized Bohr’s correspondence
principle and the principle of relativity (including the Galilean invariance and the
principle of general covariance).

The establishment of the principle of general correspondence contributes to the
development of new theories of physics and the unification of old theories of
physics, as well as to the test of the logical consistency and self-consistency of the
theoretical systems in physics. In particular, the principle of general correspondence
has built the logical basis and paved the logical shortcut for the theory of GOR.

Therefore, based on the principle of general correspondence, by analogizing or
following Einstein’s logic of deducing general relativity from special relativity, the
theory of OR could deduce the theory of GOR from the theory of IOR. In this way,
the theory of OR could extend the theory of IOR from inertial spacetime to
gravitational spacetime, at the same time, could extend Einstein’s theory of general
relativity from the optical agent OA(c) to the general observation agent OA(7).

Taking advantage of the principle of general correspondence, the whole
theoretical system of GOR will be established.

The Theory of GOR [2230];



the Unification of Newton’s Theory of Universal Gravitation
and Einstein’s Theory of General Relativity

The development history of physics is the history of continuous integration and
unification of new and old theories. The integration and unification of new and old
theories in physics is the reflection of the development and progress of physics.

The Final Theory of physics 8, or the Grand Unified Theory [ or the
Theory of Everything 120121 s the eternal pursuit of physics.

However, our physics seems increasingly fragmented according to Hawking 4,

Newton’s theory of universal gravitation [ and Einstein’s theory of general
relativity [®1 are the two greatest theoretical systems of human physics, the
unification of which is undoubtedly of great significance.

In the view of the mainstream school of physics, Newton’s theory of universal
gravitation and Einstein’s theory of general relativity are two independent or
separate theoretical systems about gravitation or gravity, and even somewhat
contradictory. Moreover, the mainstream school of physics insist that Einstein’s
theory of general relativity is a better theory of gravity, while Newton’s theory of
universal gravitation is only a transitional theory of gravity, and at most an
approximation of Einstein’s general relativity. The mainstream school of physics do
not seem to believe that Newton’s theory of universal gravitation and Einstein’s
theory of general relativity need or could be unified.

Actually, both Einstein’s theory of general relativity and Newton’s theory of
universal gravitation are, in Hawking’s words, the partial theories of GOR theory,
belonging to different observation agents.

In the 2" volume of OR: Gravitationally Observational Relativity (GOR),
with the help of the principle of general correspondence, the theory of GOR will be
constructed on the basis of the invariance of information-wave speeds.

It should be pointed out that the theory of GOR is the gravitational theory of the
general observation agent OA(7).

Newton’s theory of universal gravitation and Einstein’s theory of general
relativity are two special cases of GOR theory: Newton’s theory of universal
gravitation is the gravitational theory of the idealized observation agent OA.
(n—); Einstein’s theory of general relativity is the gravitational theory of the
optical observation agent OA(c) (7—c).

So, the theory of GOR generalizes and unifies Newton’s theory of universal
gravitation and Einstein’s theory of general relativity.

In the sense of the principle of general correspondence, the theory of GOR has
the strict corresponding relationships with both Newton’s theory of universal
gravitation and Einstein’s theory of general relativity. Under the optical agent OA(C):
n—c and the GOR gravitational-field equation is strictly reduced to Einstein’s
gravitational-field equation, and the GOR motion equation (i.e., the GOR geodesic
equation) is strictly reduced to Einstein’s motion equation (i.e., Einstein’s geodesic
equation); under the idealized agent OA.: 7— and the GOR gravitational-field
equation is strictly reduced to Newton’s gravitational-field equation (i.e., the



Poisson equation form of Newton’s universal-gravitation law), and the GOR motion
equation is strictly reduced to Newton’s motion equation (i.e., the Newton
second-law form of Newton’s universal-gravitation law).

Such strict corresponding relationships indicate that the theory of GOR is
logically consistent not only with Einstein’s theory of general relativity but also with
Newton’s theory of universal gravitation; and moreover, such strict corresponding
relationships, from one aspect, confirm the logical self-consistency and theoretical
validity of the theory of GOR.

The Theory of GOR [2230];
New Theory leads to New Ideas and New Insights

The theory of GOR discovers that, like all the inertial relativistic effects or
phenomena in Einstein’s theory of special relativity and even that in the theory of
IOR, all the gravitational relativistic effects or phenomena in Einstein’s theory of
general relativity and even that in the theory of GOR are not the objectively physical
reality, but are, in essence, the observational effects or apparent phenomena, rooted
from the observational locality (7<) of the realistic observation agents OA(7).

Before the theory of IOR, with regard to Einstein’s theory of special relativity [7],
we could not understand why the speed of light looks invariant. The theory of IOR
has told us that the speed of light is not really invariant. Likewise, before the theory
of GOR, with regard to Einstein’s theory of general relativity (€], we could not
understand why gravitational spacetime looks curved. The theory of GOR will tell
us that spacetime is not really curved: the objective and real spacetime, no matter the
inertial or the gravitational, never gets curved.

Actually, no matter in the theory of special or general relativity, no matter in the
theory of inertial or gravitational relativity, all the relativistic effects or phenomena
are observational effects and apparent phenomena rooted from the observational
locality (7<) of the realistic observation agent OA(7) (7€ (0,+x)).

Analogous to the theory of IOR, the theory of GOR will clarify that:

(i) Einstein’s theory of general relativity is the theory of the optical observation
agent OA(c) (n=c), in which the gravitational spacetime is the optical
image of the objectively physical world presented to us by the optical agent
OA(c), not completely objective or real;

(ii) Newton’s theory of universal gravitation is the theory of the idealized
observation agent OA., in which the gravitational spacetime is the true
portrayal of the objectively physical world under the idealized agent OA...

In particular, it is not because Einstein’s theory of general relativity is better

than Newton’s theory of universal gravitation but simply because our observations
and experiments mostly rely on the optical observation agent OA(c) that Einstein’s
theory of general relativity are supported by most observations and experiments.,

So, the theory of GOR discovers that: Newton’s theory of universal gravitation

is the right theory about gravitational interaction, while Einstein’s theory of general
relativity is only an approximate theory.

The theory of GOR will provide us with new insight into the gravitational world.



The theory of IOR has already clarified that all matter particles, including
photons, have the intrinsic or rest mass of their own. Based on the theory of GOR
gravitational redshift, the theory of GOR will make the theoretical prediction of the
rest mass, give the theoretical value of the intrinsic mass of photons. Naturally,
photons of with different frequencies or energies have different rest masses.

The theory of GOR will reexamine Einstein’s three famous scientific predictions,
including the gravitational redshift of light and the gravitational deflection of light,
as well as the anomalous precession of planetary orbits. The theory of GOR
discovers that: the objective and real gravitational world supports Newton rather
than Einstein. Actually, Einstein’s theoretical predictions based on his theory of
general relativity are only observational effects and apparent phenomena presented
to us by light and optical observation.

The theory of GOR will reexamine Einstein’s predictions of the so-called
Gravitational Waves. The theory of GOR discovers that Einstein’s gravitational
wave is actually the information wave of the optical observation agent OA(c).

The theory of GOR will reexamine the theory of Black Hole that is based on
Einstein’s theory of general relativity, and reexamine the theory of Big Bang of the
universe that is rooted from Hubble’s doctrine of Cosmic Expansion and based on
Einstein’s theory of general relativity.

Did the universe really experience the big bang 13.8 billion years ago?

Human beings need to reacquaint the objective world from the perspective of the
theory of OR, and reshape human being’s view of nature.



10 Preliminary for GOR

The theory of GOR, so-called Gravitationally Observational Relativity
(GOR), attempts to extend the theory of IOR, so-called Inertially Observational
Relativity (IOR), from inertial spacetime to gravitational spacetime, and meanwhile,
to extend Einstein’s theory of general relativity from the optical observation agent
OA(c) to the general observation agent OA(#n). So, the theory of GOR could be
interpreted as the theory of General Observational Relativity (GOR).

The basic concepts and definitions of IOR theory, as well as the basic logical
premises and consequences of IOR theory, will become the logical foundation of
GOR theory. The fundamental problem of Einstein’s general relativity will become
the fundamental problem of GOR theory.

The theory of OR, so-called Observational Relativity (OR), in the 1%t volume
of OR: Inertially Observational Relativity, has already clarified: “Human
cognition or understanding of the objective world not only depends on observation,
but also is restricted by observation.” All theoretical systems or spacetime models of
physics, including Newton’s theory of universal gravitation and Einstein’s general
relativity, have without exception been branded with the marks of observation.

The spacetimes in all the theoretical systems or spacetime models of physics are
the observational spacetimes, rather than the objective spacetime.

The observational spacetime of IOR theory is inertial spacetime, and can be
called the IOR inertial spacetime. The 1t volume of OR: Inertially
Observational Relativity has defined the concept of Observation Agent (OA) for
the theory of IOR, endowing observation with the definite role and status in
observational inertial-spacetime.

The observational spacetime of GOR theory is gravitational spacetime, and can
be called the GOR gravitational spacetime. The 2" volume of OR:
Gravitationally Observational Relativity will extend the concept of Observation
Agent (OA) from the IOR inertial spacetime to the GOR gravitational spacetime,
endowing observation with the definite role and status in observational
gravitational-spacetime, revealing the linkage of Newton’s theory of universal
gravitation and Einstein’s theory of general relativity to their specific observation
systems. Finally, the theory of GOR will be established to clarify the root and
essence of gravitational relativistic effects or phenomena.

The theory of GOR, as the gravitational theory of the general observation agent
OA(7) (ne(0,+x))), will generalize and unify Newton’s theory of universal
gravitation and Einstein’s theory of general relativity.

10.1 The Concepts and Principles from IOR to GOR

Naturally, the theory of IOR is the foundation of the theory of GOR.

In the 2" volume of OR: Gravitationally Observational Relativity, the
theory of GOR follows the basic ideas, principles, and concepts of IOR theory in the



15t volume of OR: Inertially Observational Relativity. Actually, these basic ideas,
principles, and concepts are also the basic ideas, principles, and concepts of OR
theory including IOR and GOR).

In particular, the logical consequences of IOR theory might become the logical
starting point of GOR theory.

The following terms in the theory of IOR, including the concepts, definitions,
principles, theorems, and their corollaries, remain valid in the theory of GOR and
might become the logical foundation of GOR theory.

10.1.1 Terms

The terms (see Sec. 1.1.3 Related Terminology) in the 1%t volume of OR:
Inertially Observational Relativity is the basic concept of OR or IOR theory,
related to Observation. Those terms or concepts will continue to be employed in
the 2" volume of OR: Gravitationally Observational Relativity.

SIN Terms Simple Interpretations

01  Observation Agent: OA(7)  observation system

02  Information Wave matter waves for transmitting information

03 Informon matter particles composing information waves
04 Information-Wave Speed: 1  the speed of OA(#) transmitting information
05 Idealized Agent: OA. the observation agent OA(7) as n—®

06  Optical Agent: OA(c) the observation agent OA(7) as n—c

07  Spacetime Information space and time information of observed objects
08  Free Spacetime: Sg with no matter interactions in it

09 Intrinsic Spacetime: X4, objective and real spacetime

10  Observed Spacetime: X*(7;) observational spacetime observed by OA(7)
11 Intrinsic Quantity: Uo=U. objective and real physical quantity

12 Observed Quantity: U(7) observational quantity observed by OA(7)
13  Observational Locality: 7<co OA(7) needs time to transmit information.

10.1.2 Definitions

The theory of GOR will follow or extend the following definitions in the 1%
volume of OR: Inertially Observational Relativity.

SIN Definitions Simple Interpretations

Def. 1.1 Observation Agent: OA(7) extended from the IOR inertial spacetime
to the GOR gravitational spacetime

Def. 1.1 Observed Spacetime: X*d(7) 1d time: x°=nt; and 3d sapce: (x!,x?,x%)
Def. 1.2 Physical Quantity distinguishing between U, and U(7)

Def. 1.2 Intrinsic Quantity: Uo=U.. U, defined in the free spacetime Sr or
U.. defined in the idealized spacetime X4,

10



Def. 1.2 Observed Quantity: U(r7)  defined in the observational spacetime X*(1)

Def. 2.1 The Cosmic Speed: A the speed as matter-wave frequency f,—o

Def. 2.2 Time distinguishing between zand t(7)

Def. 2.2 Intrinsic Time: 7=t objective and real time, defined in the free
spacetime S or idealized spacetime X4d,

Def. 2.2 Observed Time: t(7) defined in the observational spacetime Xd(7)

Def. 2.3 Standard Clock: T, at rest in the free spacetime Sg or at rest in the

idealized spacetime X494,

10.1.3 Principles and Theorems

The theory of GOR will follow the following principles and theorems as well as
their corollaries in the 1t volume of OR: Inertially Observational Relativity.

Principles and Theorems Simple Interpretations

Physical Observability All physical quantities are observable:
the observed values are definite and finite.

Corol. 2.1 of the Cosmic Speed A  The A is the ultimate speed of the universe
and could not be exceeded in observation.

Corol. 2.2 of the Cosmic Speed A  The A is invariant
or the same relative all inertial observers.

The Invariance of TFR The ratio of the observed time dt to the
observed frequency f is an invariant: dt/f=df,.
The Invariance of IWS The speed 7 of OA(#) is invariant

or the same relative to all inertial observers.

Corol. 3.1 of the Invariance of IWS The cosmic speed A is actually
the information-wave speed 7 of OA(7).

Corol. 3.2 of the Invariance of IWS the information-wave speed 7 of OA(7) could
not be exceeded in inertial observation.

Corol. 3.3 of the Invariance of IWS The invariance of light speed holds true only if
OA(n) is the optical agent OA(c).

where, TFR is the abbreviation for Time-Frequency Ratio, and IWS is the
abbreviation for Information-Wave Speeds.

The invariance of time-frequency ratio will play a special role in exploring the
problem of gravitational redshift. In particular, in deducing the theory of GOR, the
theorem of the invariance of information-wave speeds will be accorded the title of
principle, that is, the principle of the invariance of information-wave speeds, and
being employed as the logical starting point of the theory of GOR.

10.2 The Scene of GOR Gravitational Spacetime

In order to relate and analyze the theory of GOR, to deduce the GOR model of
gravitational spacetime, the theory of OR needs to first define the gravitational
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spacetime in GOR theory and set the scene of GOR gravitational spacetime.

Naturally, the most familiar scene is the gravitational scene set by Newton’s in
the law of universal gravitation [4: the two-body system (M,m) in celestial
two-body problem, where M and m are two matter particles (mass points),
representing two celestial bodies, for example, the sun and the earth or the earth and
the moon. In Newton’s law of universal gravitation F=GMm/r?, M and m are equal:
M gravitates to m, and the gravitational force is F=Fmm; m gravitates to M, and the
gravitational force is F=Fmm. According to Newton’s third law of motion, Fum and
Fmwm are action and reaction, equal in size and opposite in direction.

In Einstein’s theory of general relativity, the gravitational scenes set by both
Einstein [ and Schwarzschild [ are similar to the gravitational scene in Newton’s
law of universal gravitation, still the celestial two-body system (M,m). However, the
difference is that, in Einstein’s theory of general relativity, as depicted in Fig. 10.1,
the large celestial body M makes its surrounding spacetime curved, and the curved
spacetime makes small celestial body m circle the large M.

In Einstein’s theory of general relativity, the effect of universal gravitation has
been geometrized by the doctrine of spacetime curvature.

Actually, gravitational spacetime is not real curved.

But anyway, as a mathematical model, Einstein’s doctrine of spacetime
curvature could yet be mathematically regarded as a formalized method for the
effect of universal gravitation.

The basic logic of GOR theory lies in the principle of general correspondence:
by analogizing or following the logic of Einstein’s deducing the theory of general
relativity, the theory of OR could deduce the theory of GOR, and the scene of GOR
gravitational spacetime could be set as depicted in Fig. 10.1.

The GOR Gravitational Scene: Let (M,m) be the two-body system in celestial
two-body problem, M the large celestial body whose mass is distributed in spherical
symmetry and forms the spherically symmetric gravitational-spacetime with the
center at M, m the small celestial body which is idealized as a mass point and circles
the large celestial body M in the gravitational spacetime of M.

The scene of GOR gravitational spacetime depicted in Fig. 10.1 will be applied
to the deduction of the theory of GOR, including the determination of the space and
time of GOR gravitational spacetime, the derivation and calibration of the GOR
gravitational-field equation and the GOR motion equation, and the interpretation of
Einstein’s famous scientific predictions.

As depicted in Fig. 10.1, we agree that if no special instructions:

(i) P stands for the observed object, in the celestial two-body system (M,m), the
small celestial body m is the observed object P.

(i) O(T,X,Y,Z) is the coordinate system of GOR gravitational spacetime, and
O is the mass center of the large celestial body M.

(iii) Oo(To,Xo,Y0,Zo) is the intrinsic coordinate system of P, belonging to the free
spacetime Sr, in which P is at rest, O, not only is the coordinate origin but
also represents the intrinsic observer of P, and according to Def. 1.2, the
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observational (observed) time t, is exactly the standard time or the intrinsic
time (proper time) .

(iv) Op is the observer of P at its coordinate point in the GOR gravitational
spacetime O(T,X,Y,Z), whose observational (observed) time is tp=t(r),
depending on the coordinate position of P (or the small celestial body m) in
the GOR gravitational spacetime O(T,X,Y,Z).

(v) Inthe GOR gravitational spacetime O(T,X,Y,Z), different observers Oa and
Ogs may have different spacetime metrics at the coordinate points A and B:
9uv(ra) 29, (re) (ra#re);

(vi) Unless otherwise specified, the theory of GOR adopts Einstein’s summation
convention: English letters (i,j,k,...) for the indices of 3d space (x%,x?x3)
with the summation range of {1,2,3}; Greek letters (4,4, v,...) for the
indices of 4d spacetime (x°x*,x?,x%) with the summation range of {0,1,2,3}.
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Figure 10.1 The Scene of GOR Gravitational Spacetime: the Celestial Two-Body
System (M,m). (a) The Spacetime Transformation between the Observers Oa and Os: the
points A and B of the gravitational spacetime Sc have different spacetime metrics g.v(ra) and
g.v(rB), and therefore, the observational spacetimes of Oa and Osg are different, which need to
be transformed. (b) The Spacetime Transformation between the gravitational spacetimes Sc
and the Free Spacetime Sr: according to Def. 1.2, the physical quantities of the observed
object P at rest in free spacetime Sr are the objective and real physical quantities of P, but the
observed physical quantities of P observed by observers in the gravitational spacetime Sc are
different from the objective and real physical quantities of P, which need to be transformed.

The gravitational spacetime in the theory of GOR, like that in Einstein’s theory
of general relativity, is also curved. Therefore, as depicted in Fig. 10.1 ((a) and (b)),
there are two types of spacetime transformations in the GOR gravitational spacetime
O(T.X,Y,Z).

(a) The Spacetime Transformation between Oa and Og

As depicted in Fig. 10.1(a), like in the gravitational spacetime of Einstein’s
theory of general relativity, the points A and B in the gravitational spacetime
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O(T,X,Y,Z) of the theory of GOR may have different spacetime metrics g,..(ra) and
0.v(re). Therefore, the observers Oa at A and Og at B may have different
observational spacetimes, including different observed times ta and ts, which may
need to be transformed between Oa and Oeg.

(b) The Spacetime Transformation between S and Sg

As depicted in Fig. 10.1(b), the observed object P or the small celestial body m
originally has its intrinsic spacetime O, belonging to the free spacetime Sg. Suppose
that P and its intrinsic observer O, are relatively stationary in the free spacetime Sr.
According to Def. 1.2, the observed time t, of O, is the proper time z However,
when P or m is in the GOR gravitational spacetime Sg, the intrinsic observer O, is
turned into the gravitational observer Op, and the observed time tp of Op is just the
observational time that may not necessarily be the objective and real time z In order
to get the proper time t, it is necessary to transform the observational time tp of Op
into the intrinsic time zof O, (that was called the standard time by Einstein).

As a matter of fact, as long as let Oa be Op and re—o, then Fig. 10.1(a) and Fig.
10.1(b) would be equivalent or the same.

10.3 Observation Agents for GOR

Definition 1.1 of Chapter 1 in the 1%t volume of OR: Inertially Observational
Relativity defines a new concept: Observation Agent, which can be regarded as the
core concept of OR theory, and is the connotation of the concept of Observation in
the theory of observational relativity (OR).

The general observation agent OA(#) in Def. 1.1 is the coordinate framework of
4d spacetime (see Eq. (1.2)), which is actually the generalization of Minkowski 4d
spacetime (see Eqg. (1.1)).

The theory of IOR extends the coordinate framework of Minkowski 4d
spacetime (Eq. (1.1)) from the optical agent OA(c) to the general observation agent
OA(n) (Eg. (1.2)). Now, the theory of GOR attempts to extend the observation agent
of IOR theory from inertial spacetime to gravitational spacetime.

10.3.1 The Coordinate Framework of 4d Spacetime
in Einstein’s Theory of General Relativity

Minkowski spacetime %% or the coordinate framework of Minkowski 4d
spacetime, is a formalized tool developed by Minkowski specifically for Einstein’s
theory of special relativity. Minkowski spacetime is a 4d differentiable manifold
with the spacetime metric g, (,v=0,1,2,3) and the spacetime line-element ds, and
therefore is a metric spacetime. Naturally, as the formalized tool of Einstein’s theory
of special relativity, Minkowski spacetime X“d(c) in Eq. (1.1) is inertial spacetime
with the metric g,,=7,=diag(+1,-1,-1,-1), known as Minkowski metric, which is
a constant metric. So, Minkowski spacetime is not curved but flat.

At first, Einstein did not believe that the coordinate framework of Minkowski 4d
spacetime was necessary or significant for his theory of relativity. However, after
embarking on the construction of general relativity, Einstein gradually realized that
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his theory of general relativity seemed to have to be built on the coordinate
framework of 4d spacetime created by Minkowski. Thus, he extended Minkowski
spacetime from the inertial spacetime of special relativity to the gravitational
spacetime of general relativity, and highly praised Minkowski spacetime.

Thus, the coordinate framework of Minkowski 4d spacetime in Eq. (1.1) of
Chapter 1 needs redefining for gravitational spacetime and writing as follows:

x° =ct;
. X“d(c):{l_ ;o }
ds? :gwdx"dxv (gw =9, (X“ ,C))

where OA(c) still represents the optical observation agent that employs light or
electromagnetic interaction as the observation medium, X*d(c) still represents the
observational spacetime of OA(c) (x° the 1d time and (x,x2,x%) the 3d space that can
be represented by the Cartesian coordinates (X,y,z)), g, is the spacetime metric of
X*d(c), and ds is the spacetime line-element of Xd(c).

Unlike the OA(c) in Eq. (1.1) of Chapter 1, the observational spacetime X*d(c)
of OA(c) in Eq. (10.1) is not inertial spacetime but gravitational spacetime. Actually,
Eq. (10.1) generalizes Eq. (1.1): in Einstein’s theory of special relativity, the metric
guv Of the observational spacetime X“d(c) of OA(c) is the Minkowski metric
nu=diag(+1,-1,-1,-1), independent of the spacetime coordinates of X*¢(c), and is a
special case of Eq. (10.1); in Einstein’s theory of general relativity, the metric
9uv=0,(x%C) of observational spacetime X“d(c) of OA(c) depends on the spacetime
coordinates x* («=0,1,2,3) of X*I(c).

So, the observational spacetime X“d(c) of OA(c) in Einstein’s theory of general
relativity looks or appears to be somewhat curved.

In Einstein’s theory of general relativity, the metric of the observational
spacetime X“d(c) of OA(c) not only depends on the spacetime coordinate x*
(«=0,1,2,3) of X*(c), but also is related to the speed c of light: g,,=g..(X%c).
Actually, the coordinate framework of 4d spacetime in Einstein’s theory of general
relativity (Eq. (10.1)) is still the optical observation system.

10.3.2 The Gravitational Observation Agent in GOR

In his theory of general relativity, Einstein extended the coordinate framework
of Minkowski 4d spacetime from inertial spacetime X*(c) (EqQ. (1.1): guv=7) tO
gravitational spacetime X“d(c) (Eq. (10.1): g,v=0,v(X%C)).

Now, the theory of GOR needs to extend the general observation agent OA(7)
from the inertial spacetime X*d(7) of OA(7) (EQ. (1.2): guw=7u) in the theory of
IOR to the gravitational spacetime X*d(7) of OA(7) (Eq. (10.2): 9v=0.v(X% 7)) in
the theory of GOR, and meanwhile, extend the optical observation agent OA(c) (Eq.
(10.1)) in Einstein’s theory of general relativity to the general observation agent
OA(7) (EQg. (10.2)) in the theory of GOR.

As stated repeatedly by the theory of OR, in theory, all the forms of matter
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motion could be employed as observation media to transmit observed information
for observers [26-301, Different observation media mean different observation systems
or different observation agents: the eye is a type of observation agent, employing
light as the observation medium; the ear is another type of observation agent,
employing sound as the observation medium. Human perception or observation of
the objective world including gravitational spacetime needs to take advantage of
different types of observation media or different types of observation agents.

Analogous to the coordinate framework OA(c) (Eq. (10.1)) of Minkowski 4d
spacetime in Einstein’s theory of general relativity, by substituting the
information-wave speed 7 for the speed light ¢ in Eq. (10.1), the general observation
agent OA(#) in the theory of GOR can be defined as follows.

Definition 10.1 (Observation Agent): An observation system employing a
specific observation medium to transmit observed information for observers is
referred to as an observation agent and denoted as OA(#), which in the gravitational
spacetime of GOR is defined a metric spacetime as

0 _ .
L [ X 1{X1_m’2 ) }
OA(7)2 X =%, =y, X =7 (10.2)
ds? =g, dx“dx” (g, =9, (x"7))

where the observation medium of OA(7) can be any form of matter motion or any
matter wave, 7 is the information-wave speed of OA(7), i.e., the speed of the
observation medium transmitting observed information; X*(7) represents the 4d
gravitational spacetime observed by OA(n), x° is the 1d time, and (x*,x2,x%) is the 3d
space that can adopt the Cartesian coordinate (x,y,z); ds is the spacetime
line-element of X*(7), 9.v=0,+(x%7) is the spacetime metric of X*(#), depending
on the spacetime coordinate x* («=0,1,2,3) of X4d(#).

Unlike the OA(7) in Eq. (1.2) of Chapter 1, the observational spacetime X*4()
of OA(#) in Eq. (10.2) is gravitational spacetime not inertial spacetime. Actually,
the general observation agent OA(7) defined in Eq. (10.2) has the more general
meaning, which generalizes the inertial observation agent defined in Eq. (1.2): in the
theory of IOR, the spacetime metric g, of the observational spacetime X*(#) is the
Minkowski metric 7,,=diag(+1,-1,-1,-1), does not depend on the spacetime
coordinate of X*(7) and can be regarded as a special case of Eq. (10.2); in the
theory of GOR, the spacetime metric g.,=0,.(x%7) of the observational spacetime
X*#d(7) depends on the spacetime coordinate x* («=0,1,2,3) of X“d(7). Therefore,
similar to the optical observational spacetime Xd(c) of OA(c) in Einstein’s theory of
general relativity, the general observational spacetime X*4(7) of OA(#) in the theory
of GOR also looks or appears to be somewhat curved.

However, according to Eq. (10.2) in Def. 10.1 of GOR theory, the so-called
spacetime curvature is not the objectively physical reality.

As a matter of fact, in the theory of GOR, the metric g,,=0,..(x%7) of the
observational spacetime X#d(n) of the observation agent OA(#7) depends not only on
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the spacetime coordinate x* («=0,1,2,3) of X*d(#), but also on the information-wave
speed n of OA(#7): the observational spacetimes of different observation agents
would be curved to different degrees and have different curvatures. This suggests
that the so-called spacetime curvature relies on the observation agent OA(#) or on
the information-wave speed 7 of OA(#), in other words, depends on observation.
S0, no matter in the theory of GOR or in Einstein’s theory of general relativity,
the so-called spacetime curvature is only a sort of observational effect or apparent
phenomenon, rather than the objective physical reality.
The theorem of Cartesian spacetime in the theory of GOR will prove that:
0uv(1)—> 1y 8s n—o0. So, the objectively real spacetime would never be curved.

Obviously, the general observation agent OA(7) defined in Def. 10.1
generalizes the coordinate framework OA(c) of Minkowski 4d spacetime extended
for Einstein’s theory of general relativity: if 7—c, then the general agent OA(7) in
Eg. (10.2) is exactly the optical agent OA(c) in Eq. (10.1).

Just as Einstein’s theory of general relativity could be built on the 4d spacetime
coordinate-framework of the optical observation agent OA(c) defined in Eq. (10.1),
the theory of GOR, or the theory of Gravitationally Observational Relativity
(GOR), could be built on the 4d spacetime coordinate-framework of the general
observation agent OA(r) defined in Eq. (10.2)

According to the principles of physical observability, regardless of the inertial
spacetime X*(7) (9.,=n.) or the gravitational spacetime X*(7) (0.=0(X% 7)),
any realistic observation agent OA(#) has the observational locality (77<).

In essence, all relativistic effects, including gravitational relativistic effects, are
rooted from the observational locality of observation agents.
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11 GOR Logic and
the Principle of General Correspondence

In the 1% volume of OR: Inertially Observational Relativity, based on the
more basic axiom system than that of Einstein’s special relativity, starting from the
most basic logical premise (the definition of time in Def. 2.2) [2627] the theory of OR
has derived the general Lorentz transformation, not only generalized and unified the
Galilean transformation and the Lorentz transformation, but also revealed the
corresponding relationship of isomorphic consistency between different theoretical
systems in physics, linking the principle of correspondence with the principle of
relativity, endowing Bohr’s correspondence principle with more general and
universal significance.

Based on the general Lorentz transformation, the theory of IOR, i.e., the theory
of Inertially Observational Relativity (IOR), has been established.

In the theory of IOR, even Newton’s inertial mechanics and Einstein’s special
relativity are also isomorphically consistent. So, Newton’s theory of inertial
mechanics and Einstein’s theory of special relativity have been generalized and
unified by the theory of IOR into the same theoretical system under the same axiom
system. The theory of IOR reflects the intrinsic corresponding relationship between
the theoretical systems of different observation agents.

It is based on the corresponding relationship of isomorphic consistency between
different theoretical systems in physics that this chapter will establish a principle:
the Principle of General Correspondence, which would provide a logical bridge
or a logical shortcut for the theory of GOR.

The principle of general correspondence will play an important role in the
logical deduction of GOR theory.

11.1 Bohr’s Correspondence Principle

In 1920, Bohr officially established the principle of correspondence Y], which
later became known as the Bohr correspondence principle.

However, the basic thought of Bohr’s correspondence principle could be traced
back to the establishment of Bohr’s atomic theory and Bohr’s atomic model in 1913
[75-771 1t was Based on the basic thought of the principle of correspondence, Bohr
established his theory and model of hydrogen atom.

Actually, the basic thought of the principle of correspondence could also be
traced back to the establishment of Planck’s blackbody radiation law or blackbody
radiation formula in 1900 [*4],

The Basic Thought of Bohr’s Correspondence Principle: There must be some
intrinsic linkage or corresponding relationship between quantum mechanics and
classical mechanics. Under certain conditions, the two theories could be transformed
into each other.

There are various interpretations for Bohr’s correspondence principle, in which
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the most common are two limit expressions:
(i) the limit correspondence of Bohr’s quantum number (energy level): n—oo;

(ii) the limit correspondence of Planck’s constant: h—0.

11.1.1 The Limit Correspondence of
Bohr’s Quantum Number: n—o

The Principle of Bohr’s Correspondence (in the form of Bohr’ quantum
number): Let n be the atomic energy level (the principal quantum number). As
n—oo, quantum models converge to classical models, and quantum physical
quantities converge to classical physical quantities, that is,

lim {Quantum Quantity} = { Classical Quantity} (11.1)

The quantization of energy is the watershed between quantum physics and
classical physics: (i) the continuity of energy represents classical physics; (ii) the
discretization of energy represents quantum physics. Bohr believed that, in the case
of large quantum numbers, the energies of electrons and atoms tend to be continuous.
So, quantum physical models must converge to classical physical models as n—co.

On the one hand, based on classical physics, suppose that electrons move in a
circle around the atomic nucleus, then according to Newton’s laws and Coulomb’s
law, one could derive the relational formula between the speed v and orbital radius r
of an electron:

Kze? mV’ KZze?
= or v=
r r m,r

(11.2)

where is K=1/4zeo is Coulomb’s constant, o the vacuum permittivity, Z the atomic
number, and me the electron mass.

Taking Tc=2zr/v as the period of electron orbit, the frequency fc of
electromagnetic (EM) radiation in the classical case can be calculated as follows:

gt v _ 1 [Kze
© T, 2ar 2zr\ mr

(11.3)

where fc is the classical frequency of EM radiation.

Equation (11.3) suggests that, according to the calculation of classical physics,
the EM radiation frequency of atoms could take continuous values.

On the other hand, experiments show that the EM radiation frequency of atoms
can only take some discrete values. In 1889, Rydberg established the following
empirical formula for the spectral lines of hydrogen atom based on experiments:

i:R(%—lzj (”':1'2’3""; j (11.4)

Ao n n n=n+1Ln+2,n+3,---

where Ag was the wavelength of the spectral lines, and R was the Rydberg constant
that needed to be determined by experiment.
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In 1911, Rutherford proposed a planetary model of atomic structure, in which
electrons revolve around the atomic nucleus, just like the planets revolving around
the sun. Rutherford’s model has serious defect: according to the classical theory of
electromagnetic radiation, the electrons in Rutherford’s model would ceaselessly
lose energy due to the energy radiation of electromagnetic waves, and eventually
collapse to the nucleus. Rutherford could not explain the problem.

In 1913, Bohr established the Bohr model of atomic structure on the basis of the
Rutherford model, in which Bohr set up three important postulates [>-771,

(i) The Condition of Stationary State

An atom could only exist stably in discrete energy states (or energy levels), that
is, the so-called stationary state; while an electron in the atom could only move in a
circle around the nucleus at a specific energy level n with the discrete energy En:

Rhc
E :—?z2 (n=1,2,3,) (11.5)

Equation (11.5) implies that an electron in the atom can orbit stably at a specific
energy level with specific energy.

(ii) The Condition of Quantum Transition.

An electron in the atom can transfer between different energy levels by radiating
energy or absorbing energy. As the electron transfer from the high-energy level n to
the low-energy level n’, it would release a photon with certain energy AE and
frequency fo; on the contrary, as the electron absorbs a photon with certain energy
AE and frequency fo, it would transfer from the low-energy level n’ to the
high-energy level n. The energy AE and the frequency fq of the released photon or
the absorbed photon satisfy

_AE_E -E,
" h  h
Let n’=n-1 and n>>1 (i.e., n is a large quantum number). Then, according to the

condition of stationary state (Eq. (11.5)) and the condition of quantum transition (Eqg.
(11.6)), we have that

AE=E,-E,=hf, or f (11.6)

AE:RhCZZ(%—%j:ZRhCZZ%
. (“‘11) n n (11.7)
fQ=T=2RCZZ$

where fq is the quantum frequency of EM radiation.

Equation (11.7) suggests that, as n—>c, AE—0: the energy of an electron in the
atom would tend to be continuous between adjacent energy levels.

In such a case, according to the basic thought of Bohr’s correspondence
principle, the quantum physical quantities would converge to the corresponding
classical physical quantities: fo=fc, rn=r, and v,=v. In the case of a hydrogen atom
(Z=1), from Egs. (11.2-3) and Eq. (11.7), we have the orbital radius r, and the speed
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vn of the electron in the energy level n:

’Ke2 Ke?
vV = and r =3}————n? 11.8
"oAm.r, "\ 4 2*R%c*m, (11.8)

(iii) The Quantization of Angular Momentum.

In order to finally derive the theoretical model of atomic structure, Bohr made
the quantization of the angular momentum L of electrons:

L:mevnrn:nl:nh (n:1,2,3,---;h:1j (11.9)
27 2r
From the orbital speed vn=\(Ke2/mer,) of the electron in the energy level n (Eq.
(11.8)) and the quantization of angular momentum (Eq. (11.9)), Bohr could deduce
another expression of the orbital radius ry:

nh n’h?
myv,r, =Ke’mr, =— or r=———— 11.10
e'nn en 27[ n 47T2Ke2me ( )

By the contrast of Eq. (11.10) and Eq. (11.8), Bohr obtained the theoretical
value of the Rydberg constant R:

R 27r'Ke'm, _ me’ [ 1 J

h’c 8s2h’c

Now, the Rydberg formula is no longer an empirical formula, but a theoretical
model on the basis of the Bohr theory of atomic structure; the Rydberg constant R is
no longer an empirical value, but a theoretical one from the Bohr model of atomic
structure. It is thus clear that Bohr’s correspondence principle played the important
role in the establishment of the Bohr theory and model of atomic structure.

However, it is worth noting that Eq. (11.7) is only a case of the large quantum
numbers; fo=fc is not the limit correspondence of n—oo. Actually, there is no the
corresponding relationship of isomorphic consistency between the classical
frequency fc in Eq. (11.3) and the quantum frequency fo in Eq. (11.7): fo cannot
isomorphically and uniformly be transformed into fc through n—oo.

As Shomar pointed out 1, the case of large quantum numbers or n—co do not
always represent the classical physical systems. This seemingly implies that large
guantum numbers n>>1or even the limit correspondence of quantum number n—oo
lacks of generality and universal significance.

= 11.11
4re, ( )

11.1.2 The Limit Correspondence of
Planck’s Constant: h—0

The Principle of Bohr’s Correspondence (in the form of Planck’ constant):
As Planck’s constant h—0, quantum models converge to classical models, and
quantum physical quantities converge to classical physical quantities, that is,

Lirrg {Quantum Quantity} = {Classical Quantity} (11.12)
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The quantization of energy originates from Planck equation: E=hf; h=0 implies
the discretization of energy and represents quantum physics. Naturally, if h=0 then
the energy E tends to be continuous. However, it is worth noting that h=0 and n—o
may not have the same or equivalent effect. In the view of Shomar 121, the Planck
constant h—0 must represent classical physics, but the Bohr quantum number n—o
may not represent classical physics.

In 1900, Planck theoretically derived the Planck law of blackbody radiation
from his quantum hypothesis E=hf [*4]. Planck’s formula of blackbody radiation
8zhf? 1
is extremely consistent with the experiment of blackbody radiation, and can be
regarded as the integration of Rayleigh-Jeans law [*213] and Wien approximation [,
More importantly, the quantum hypothesis E=hf as the prerequisite of Planck’s law
of blackbody radiation marks the birth of quantum physics 5161,

Planck realized that there existed the corresponding relationship between his law
of blackbody radiation and Rayleigh-Jeans law: as h—0, the Planck formula of
guantum blackbody radiation (Eq. (11.13)) converges to (or is isomorphically and
uniformly transformed into) the Rayleigh-Jeans formula of classical blackbody
radiation:

. . 8zhf? 1 87kTf 2
L'E(]U(f'T)ZL'LQ c? ehf/kT_1: c

(11.14)

where k is the Boltzmann constant, T the temperature, and ¢ the speed of light.

Equation (11.14) suggests that the Planck formula of blackbody radiation and
the Rayleigh-Jeans formula of blackbody radiation have the same form and structure,
in other words, have the corresponding relationship of isomorphic consistency, and
are isomorphically consistent.

Planck formalized such a corresponding relationship of isomorphic consistency
as follows (see Shomar’s literature [1221):

Ihirrg{Quantum Physics} = {Classical Physics} (11.15)

Equation (11.15) suggests that, unlike the limit correspondence of Bohr’s
guantum number n—oo, the limit correspondence of Planck’ constant h—0 is not
only reflected in the level of physical quantities, but also in the level of physical
concepts and the laws of physics. The corresponding relationship between different
theoretical systems in physics lies not only in the convergence of physical quantities
and the consistency of results, but also in the convergence of form or structure, and
the consistency of concepts or logic.

11.2 The Principle of Relativity
and the Principle of Correspondence

As we all know, in addition to the hypothesis of the invariance of light speed,
Einstein’s theory of special relativity also has an important logical prerequisite: the
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principle of relativity.

The principle of relativity is one involving the symmetry property of spacetime
[123]: relativity is a specific form of symmetry.

The Basic thought of Relativity Principle: Spacetime is symmetrical, so all
observers are equal or have equal rights, that is, no one is more superior than another,
a law of physics must be the same or have the same form in all reference frames.

The principle of relativity was first explicitly stated by Galileo, i.e., the so-called
Galilean invariance 119124 all the inertial observers of classical mechanics are
equal or have equal rights, a law of classical mechanics must be the same or have
the same form in all inertial reference frames.

In Einstein’s theory of special relativity /], the Galilean invariance was extended
by Einstein from classical mechanics to general physics, that is, so-called the
special principle of relativity. Later, in Einstein’s theory of general relativity [,
the special principle of relativity was extended by Einstein from inertial reference
frames to general reference frames, that is, so-called the general principle of
relativity or the principle of general covariance.

Thus, the principle of relativity has gained more general significance.

Actually, the principle of relativity is also a form of correspondence principle,
which clarifies the intrinsic linkage or corresponding relationship of the physical
laws in different reference frames, and requires the physical models to have the
same form or structure in different reference frames. In other words, the principle of
relativity requires that the physical models in different reference frames are
isomorphic, and have the isomorphic consistency, or have the corresponding
relationship of isomorphic consistency. Therefore, based on the principle of
relativity, the physical models of different reference frames could isomorphically
and uniformly be transformed into each other.

Based on the principle of relativity, by exchanging the corresponding physical
guantities of different observers or different reference frames, one could fulfil the
corresponding transformation between the physical models in the way of
isomorphically-consistent correspondence. Such transformation is only that between
the corresponding physical quantities, while the forms and structures of physical
laws or physical models remain unchanged.

The Galilean transformation is a physical model of spacetime transformation
between different inertial observers, which clarifies the principle of relativity, or in
other words, clarifies the isomorphic consistency of physical laws or physical
models between different inertial observers or different inertial reference frames:

0O —-0: 0->0'":
x:x:—v’t’ x::x—vt V=V
Y=y, y’=y r, =1
z1=12 '=1

t=t' t'=t

(11.16)

where t, X, y, z, v are the observed physical quantities of the inertial observer O, and
t', X', y', Z', V'are the observed physical quantities of the inertial observer O’; v is the
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speed at which O’ moves along the x-axis of O relative to O, and Vv’ is the speed at
which O moves along the x’-axis of O’ relative to O'.

Equation (11.16) shows that the spacetime transformations O—0O’ and O'—0
have exactly the same form and structure, and are symmetrical and isomorphic.
According to the principle of relativity, one could directly obtain the O'>0O by
exchanging the corresponding physical quantities between O and O’ in the O—0O'
t=t, xzx, yz=y, z=17, v= V), and vice versa. This is not only the
embodiment or reflection of the principle of relativity, but also that of the principle
of correspondence.

As stated in Sec. 4.2 of Chapter 4 in the 1%t volume of OR: Inertially
Observational Relativity, in Einstein’s three-step deduction of special relativity,
the second step is based on the principle of relativity to make the corresponding
transformation between the observational (or observed) spacetimes of the inertial
observers O and O’ in the way of isomorphically-consistent correspondence, in
which the principle of relativity actually plays the role of the principle of
correspondence. In this way, not only the spacetime models O—0O' and O'—0 are
isomorphically consistent, but also the Lorentz transformation and the Galilean
transformation are isomorphically consistent.

It is thus clear that the principle of relativity implies that the physical laws or
physical models of different reference systems and different observers should be or
must be isomorphically consistent.

The core thought of the principle of relativity is: All observers are equal.
And the theory of OR will further clarify: All observation agents are equal.

11.3 OR and the Principle of Correspondence

One physical world, one logical system.

As the formalized models of the identical physical world, all the theoretical
systems of physics must follow the identical axiom system or the common logical
premises. Therefore, there must exist the intrinsic linkage or corresponding
relationship between each other: all the theoretical systems in physics must be
logically consistent. Such intrinsic linkage and corresponding relationship are the
embodiment of the logical consistency of different theoretical systems in physics.

The theory of OR has revealed the intrinsic linkage or corresponding
relationship between different theoretical systems (including between Einstein’s
relativity theory and classical mechanics, between Einstein’s relativity theory and
guantum mechanics, as well as, between quantum mechanics and classical
mechanics), and in particular, has revealed the intrinsic linkage or corresponding
relationship between different observation systems (including between the general
observation agent OA(7) and the optical agent OA(c), as well as, between the
general observation agent OA(#7) and the idealized agent OA.), endowing Bohr’s
correspondence principle with more general and universal significance.
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11.3.1 The Theory of OR Matter Waves
and The General Planck Constant hy

In the limit sense of Planck’s constant h—0, Bohr’s correspondence principle is
one on the corresponding relationship between the quantum physics of the optical
agent OA(c) and the classical physics of the idealized agent OA.: h=0 represents
guantum physics, h=0 represents classical physics, and h—0 implies that quantum
physics converges to classical physics. The actual value of Planck constant is
determined by the experiment of blackbody radiation: h=6.626x10-3*J-s.

So, what does 6.626x1073#J-s=h >0 mean?

According to the theory of OR [?627] according to the theory of OR matter
waves in Chapter 6 of the 15t volume of OR: Inertially Observational Relativity,
Planck constant h is just one of the parameters of the optical observation system,
representing the observational resolving-power of the optical agent OA(c) or the
observational uncertainty of the optical agent OA(c).

Planck constant h came from Planck equation E=hf that represented the energy
of a single photon and was originally the quantum hypothesis introduced by Planck
in 1900 for his law of blackbody radiation 4. Later, de Broglie extended Planck
equation E=hf from photons to all matter particles, derived the de Broglie relation
A=hlp, and established de Broglie’s theory of matter waves [7-1°1. However, it worth
noting that de Broglie’s theory of matter waves is just one theory of the optical
observation agent OA(c), in which Planck equation E=hf is only a hypothetical
premise of Planck’s law, and de Broglie’s generalization of E=hf is only speculation,
rather than theoretical and logical consequence.

The theory of IOR, including the theory of OR matter waves, is the product of
logic and theory, based on the definition of time and the invariance of
time-frequency ratio, which has generalized both Einstein’s theory of special
relativity and de Broglie’s theory of matter waves. The theory of OR matter waves is
one theory of the general observation agent OA(#), has generalized the de Broglie
matter-wave theory of the optical agent OA(c), possessing the corresponding
relationship of isomorphic consistency with de Broglie’s theory of matter waves, in
which there are two important quantum relations, one is the general Planck equation
(Eq. (6.16)) and the other is the general de Broglie relation (Eq. (6.19)):

The General Planck Equation: E(77)=h, f () (h, =h(7))

h
The General de Broglie Relation: p(7)= /1(" ) (A(n) t(n)=n)
n

where h,=h(7) is the Planck constant of OA(7), or the general Planck constant;
f(n), A(n), E(n) and p(n) are the physical quantities of the observed object P
measured by OA(r): respectively, the observed frequency, wavelength, energy and
momentum of P as a matter wave.

The theory of OR matter waves has generalized de Broglie’ theory of matter
waves, which extends de Broglie’s theory of matter-wave from the optical agent
OA(c) to the general observation agent OA(7). According to the theory of OR
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matter waves, a specific observation agent OA(7) has its specific Planck constant h,,
and therefore, has its specific observational resolving-power and observational
uncertainty. However, the quantum laws or quantum models of different observation
agents have the exactly same form and structure, and hence are isomorphically
consistent. So, according to the logic of the principle of relativity: All observation
agents are equal or have equal rights.

Thus, quantum models of different observation agents could isomorphically and
uniformly be transformed into each other.

Let OA(71) and OA(72) be two observation agents, then it follows that:

lim {E () =h,, f (m)} ={E(m,) =, T (m,)}

=12

i o)== o) - (1.7

According to the general Planck equation E=h,f of OR theory, the value of the
general Planck constant h, depends on the observation agent OA(#7): different
observation agents have different Planck constants.

This is an important discovery!

Naturally, if n—c, then OA(77)—>OA(c), the general Planck constant h, is
exactly the Planck constant h, the general Planck equation E(7)=h,f(#) is exactly the
Planck equation E=hf, and the general de Broglie relation A(7)=h,/p(7) is exactly
the de Broglie relation A=h/p. It is thus clear that Planck equation E=hf and de
Broglie relation A=h/p are the quantum models of the optical observation agent
OA(c), and only valid under the optical agent OA(c).

In particular, if 7—c0, then OA(77)—>0A., the quantum models of the general
observation agent OA(7) converge to the classical models of the idealized
observation agent OA., the quantum energy E(7) tends to be continuous, and
therefore, the general Planck constant h,—0; conversely, h,—w as n—0.

According to the general Planck equation E(7)=h,f(7) and the statement or
analysis of the limit correspondence of Planck constant h,—0 in Sec. 11.1.2, Bohr’s
correspondence principle is actually one principle on the corresponding relationship
between the optical observation agent OA(c) and the idealized observation agent
OA.., involving two types of physical systems or two types of observation agents:

(i) The quantum system of the optical agent OA(c): n—c, OA(77)=0A(c),

h,=h, the information-wave speed n=c;

(ii) The classical system of the idealized agent OA.: n—, OA(7)=0A.,

h,=0, the information-wave speed 7=co.

In summary, it can be concluded that: h,—0 iff 7—00; h,—h iff n—c.

Under the principle of simplicity, the most concise formula for h,—0 iff 77—
is the inverse proportion formula: xy=Kk, in which k is the constant of proportionality.

So, the theory of OR develops an important identity, so-called the identity of
general Planck constant (the GPC identity for short, see Sec. 6.7 in Chapter 6):
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The GPC Identity (Eq. (6.31)): h7=C (C=hc) "y >0 7=

e entity (Eq. (6.31)): h,n= =hc h, >h iff 7 >c
where C=hc determined by h,—h iff 7—c; the general Planck constant h,—0
implies that the quantum model converges to the classical model.

The GPC identity h,n=hc in Eq. (6.31) of the theory of OR matter waves
suggests that quantum models of different observation agents are isomorphic, have
the corresponding relationship of isomorphic consistency, or in other words, have
the same form and structure. Bohr’s correspondence principle in the limit sense of
Planck constant (Eqg. (11.15)) implies that the optical observation agent OA(c) and
the idealized observation agent OA. are equal. Then the GPC identity h,n=hc
implies that: All observation agents are equal or have equal rights.

It should be pointed out that the GPC identity h,7 =hc is exactly the formalized
expression of the principle of general correspondence that generalizes Bohr’s
correspondence principle.

11.3.2 The Corresponding Relationship
between OR Spacetime Transformations

Bohr’ correspondence principle reflects the intrinsic linkage or corresponding
relationship between quantum physics and classical physics. Likewise, in terms of
the requirement of logical consistency, there must also be the intrinsic linkage or
corresponding relationship between the Galilean transformation and the Lorentz
transformation, as well as that between Einstein’s theory of relativity and Newton’s
theory of mechanics.

The mainstream school of physics believe that there is the approximate
corresponding relationship between the Lorentz transformation and the Galilean
transformation: at a lower speed (v<<c), the Lorentz factor y=77c)=1/N(1-v/c?)
(1) is approximate to the Galilean factor 7% (1), the Lorentz transformation is
approximate to the Galilean transformation. On these grounds, the mainstream
school of physics believe that there is the logical consistency between the Lorentz
transformation and the Galilean transformation, as well as between Einstein’s theory
of relativity and Newton’s theory of mechanics. The mainstream school of physics
further conclude that the Lorentz transformation is better, and the Galilean
transformation is only an approximation; Einstein’s theory of relativity is better, and
Newton’s theory of mechanics is only an approximation.

Actually, there is no the directly corresponding relationship between the Lorentz
transformation and the Galilean transformation.

In Sec. 4.3 The General Lorentz Transformation (GLT) of Chapter 4, the
theory of OR, from the logical premises and the logical route different from that of
Einstein’s theory of special relativity, has theoretically deduced the transformation
of 10OR spacetime in differential form (Eq. (4.16)), which has the more general and
universal significance than that in algebraic form [26271. Then, by setting the initial
conditions: x=x'=0, y=y'=0, and z=z'=0 at t=t'=0, one can integrate the
transformation of IOR spacetime in differential form (Eq. (4.16)) and obtain the
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transformation of IOR spacetime in algebraic form as follows:

0'—>0:; 00"
x=1I(x'+vt') X' =T (x—vt)
= ! ,= 1
The GLT (eq. (4.28)): 7 _ 7, o) [r:—f—l_VZ/an

t:r(t'+%} t’:r(t—v—fj
7 7

This is so-called the general Lorentz transformation.

Obviously, the transformation of IOR spacetime in Eq. (4.18) has the exactly
same form and structure as the Lorentz transformation, generalizing the Lorentz
transformation. Therefore, it is referred to as the general Lorentz transformation
in the theory of OR. Actually, as stated in the theory of IOR, both the Galilean
transformation and the Lorentz transformation are only special cases of the general
Lorentz transformation: the Lorentz transformation is the special case of the optical
observation agent OA(c); the Galilean transformation is the special case of the
idealized observation agent OA...

The transformation of IOR spacetime, or the general Lorentz transformation,
extends the Lorentz transformation from the optical observation agent OA(c) to the
general observation agent OA(7) in which the observation medium can be any form
of matter motion, and the information-wave speed 7 can be any speed value.
According to the theory of OR [2628] different observation agents OA(7) have
different spacetime-transformation factors 7°(#), and hence present different degrees
of relativistic effects or relativistic phenomena. However, the spacetime
transformations of different observation agents, and even the inertial relativity
theories of different observation agents, have the exactly same form and structure, or
in other words, have the corresponding relationship of isomorphic consistency.

So, according to the logic of relativity principle: All observation agents are
equal or have equal rights.

Therefore, the spacetime models of different observation agents could be
transformed into each other in the way of isomorphically-consistent correspondence;
more generally, the inertial relativity theories of different observation agents could
also be transformed into each other in the way of isomorphically-consistent
correspondence.

Let OA(71) and OA(r) are two different observation agents, then:
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1 1

A e e

x=1"(n,)(X' +vt') x=1"(n,)(xX"+vt')

y=y' y=y' (11.18)
limlz=17 —Jz=17
nl-n2

t=r(nl)[t’+v—fj t=F(772)£t'+V—)§,j

1 2

which means that, by substituting the information-wave speed 7. for 71, the
spacetime transformation of OA(71) as well as the inertial relativity theory of OA(71)
could be transformed into that of OA(7) in the way of isomorphically-consistent
correspondence, and vice versa.

As stated in Sec. 4.3 The General Lorentz Transformation of Chapter 4, the
general Lorentz transformation has generalized and unified the Lorentz
transformation and the Galilean transformation: if n—c, then the general Lorentz
transformation in Eq. (4.18) strictly converges to the Lorentz transformation in Eq.
(4.12); if np—oo, then the general Lorentz transformation in Eq. (4.18) strictly
converges to the Galilean transformation in Eq. (4.4).

So, in the sense of isomorphic consistency, the general Lorentz transformation is
strictly corresponding not only to the Lorentz transformation but also to the Galilean
transformation.

From the perspective of Bohr’s correspondence principle and quantum theory,
the GPC identity h,77=hc (Eqg. (6.31)) of OR matter-waves theory has clarified that:
All observation agents are equal. Then, from the perspective of Galileo’s relativity
principle and the theory of IOR, the general Lorentz transformation (Eg. (6.18)) has
further clarified that: All observation agents are equal.

It should be pointed out that the general Lorentz transformation in Eg. (6.18)
provides another annotation or interpretation for the principle of correspondence,
generalizing Galileo’s relativity principle.

11.4 The Unity of the Principle of Correspondence
and the Principle of Relativity

According to the statement in Sec. 11.1, Bohr’s correspondence principle is one
principle on the corresponding relationship between quantum physics and classical
physics, or one principle on the corresponding relationship between the optical
observation agent and the idealized observation agent, which implies the profound
thought of All Observers of Different Observation Agents are Equal. According
to the statement in Sec. 11.2, Galileo’s relativity principle is one principle on the
corresponding relationship between the spacetime transformations of different
inertial reference frames, or one principle on the corresponding relationship between
the spacetime transformations of different inertial observers, which implies the
profound thought of All Observers of Different Reference Frames are Equal.
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According to the statement in Sec. 11.3, the theory of IOR and the general Lorentz
transformation further clarify that all observers, regardless of their reference frames
and regardless of their observation agents, are equal or have equal rights, and their
physical laws or physical models have the corresponding relationship of isomorphic
consistency, and could be transformed into each other in the way of isomorphically
consistent correspondence.

It is thus clear that the principle of correspondence and the principle of relativity
could be unified under the idea and concept of All Observers are Equal.

Summing up the conclusions in Secs. 11.1-3, according to the established theory
of IOR and the established theory of OR matter waves, we have reason to link or
unify Bohr’s correspondence principle and Galileo’s relativity principle, and to
integrate the two principles into the principle of general correspondence with more
universal significance.

The Principle of General Correspondence (GC): The universe or spacetime is
symmetrical, so all observers in the universe or spacetime are equal or have equal
rights; regardless of observers’ observation systems (including reference frames and
observation agents), physical laws or physical models must have the same form and
structure in all reference frames and under all observation agents. In other words, the
physical laws or physical models of all reference frames or all observation agents
must be isomorphically consistent or have the corresponding relationship of
isomorphic consistency.

It is worth noting that, in the principle of GC, the observers might be not only
ones of different reference frames but also ones of different observation agents: the
observers of different reference frames are equal; the observers of different
observation agents are equal. The principle of GC is one principle on the
corresponding relationship between the physical laws or physical models of different
observation systems (including reference frames and observation agents). The
principle of GC has generalized and unified Bohr’s correspondence principle and
Galileo’s relativity principle, and has transcended Bohr’s correspondence principle
and Galileo’s relativity principle.

By means of the principle of GC, one could make the corresponding
transformation of isomorphic consistency between the physical laws or physical
models of different reference frames or different observers O and O’ who employ
the same observation agent OA(7):

0->0 = 0-50:U =U { (11.19)

U={txVy,zVv,}
U ’ — {t,, X’, y/' Z,,V,,"'}
which only needs to make the corresponding transformation between the
corresponding physical quantities U and U’ of O and O’, just like the corresponding
relationship of the O—0O’ and the O’—0O in the Galilean transformation or the
Lorentz transformation.

By means of the principle of GC, one could make the corresponding
transformation of isomorphic consistency between the physical laws or physical
models of different observation agents OA(r1) and OA(72) employed by the
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identical observer O:
OA(n,) > OA(7,):
OA(n7): 0>n>0 (11.20)
U (77) :{ hn’tq'xn’ yn,Z,I,V]7,"'}

which only needs to make the corresponding transformation between the
corresponding physical quantities U(71) and U(72) of OA(71) and OA(7), just like
the corresponding relationship between the general Lorentz transformation of the
general observation OA(7) and the Lorentz transformation of the optical observation
agent OA(c), or the corresponding relationship between the general Lorentz
transformation of the general observation agent OA(7r) and the Galilean
transformation of the idealized observation agent OA...

In particular, according to the principle of GC, in the idealized observation agent
OA. (71— or h,—0), all the theoretical systems of physics converge to classical
physics: h,—0 implies that quantum physics converges to classical physics, just like
the limit correspondence of Planck’s constant: h—0 for Bohr’s correspondence
principle; and at the same time, r—c implies that the theory of observational
relativity (OR) converges to classical physics, that is, the case of the idealized
observation agent OA...

In order to make the corresponding transformation of isomorphic consistency
between the spacetime models or theoretical systems of different observation agents
OA(r1) and OA(12) under the principle of GC, one could follow the following two
different logic routes.

PGC Logic Route 1

Under the principle of GC, directly replace the information-wave speed 7 of
OA(771) with the 772 of OA(72), then the observed quantities U(771) of OA(771) would
correspondingly be transformed into the observed quantities U(72) of OA(7.), and
the physical models of OA(71) would in the way of isomorphically-consistent
correspondence be transformed into the physical models of OA(7.).

PGC Logic Route 2
That has two steps:

(i) Under the principle of GC, correspondingly transform the logical premises
of the theoretical system of OA(71) into that of the theoretical system of
OA(m2);

(ii) from the logical premises of the theoretical system of OA(72) and by
analogizing or following the logic of the theoretical system of OA(71),
deduce the theoretical system of OA(72), which must be isomorphically
consistent with the theoretical system of OA(71).

Under the principle of GC, by following both PGC logic route 1 and PGC logic

route 2, the theory of OR attempt to extend the theory of IOR from inertial
spacetime to gravitational spacetime, to extend Einstein’s theory of general relativity

=1, U(I]l)—>U(772) {
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from the optical observation agent OA(c) to the general observation agent OA(7),
and finally, to establish the theory of gravitationally (or general) observational
relativity (GOR), or the theory of GOR for short.

The theory of GOR will clarify the root and essence of the relativistic
phenomena in Einstein’s theory of general relativity or the relativistic phenomena in
gravitational spacetime, and finally, generalized and unify Newton’s theory of
universal gravitation and Einstein’s theory of general relativity.

Perhaps, the principle of general correspondence (GC) might become a sharp
weapon of physics to provide the important ideological basis or guiding principle for
the development of new theories and the unification of old theories, and moreover,
for the test of logical consistency and logical self-consistency of the theoretical
systems in physics.

11.5 IOR Three Principles:
from Einstein’s Special Relativity to IOR

The theory of IOR is originally the theoretical system that has been deduced
from the definition of time and the invariance of time-frequency ratio [2627],
However, the theory of IOR also obeys the principle of general correspondence
(GC): by substituting the information-wave speed # of the general observation agent
OA(n) for the speed c of light, i.e., the information-wave speed c of the optical
observation agent OA(c), Einstein’s theory of special relativity could be generalized
from OA(c) to OA(7), and then could isomorphically and uniformly be transformed
into the theory of IOR.

Here, it would contribute to our understanding of the principle of GC, or to our
understanding of the role and effect of the principle of GC to deduce the theory of
IOR under the principle of GC.

As stated in Sec. 11.4, under the principle of GC, no matter through PGC logic
route 1 or through PGC logic route 2, one could isomorphically and uniformly
transform Einstein’s theory of special relativity into the theory of IOR.

11.5.1 The Deduction of IOR Theory
through PGC Logic Route 1

The Fundamental Formulae in Einstein’s Special Relativity
(are simply be summarized as follows):
(i) Minkowski 4d inertial spacetime X“d(c) (the optical agent OA(c)):

x° =ct;
OA X“d(c):{ T }
(c) X=x,x*=y,x*=12

ds® =77, dx“dx" =c’dt* —dx* —dy* — dz’
dt 1

Tdr o [1ove

(i) The Lorentz factor in inertial spacetime: (V)

32



x=y(x"+vt')
_ y=y
(iii) The Lorentz transformation O'—=0: 4 7 = 7’

t=y(t'+wx/c)

. . m
(iv) The mass-speed relation: M=———
1-v?/c?
(v) The law of Einstein’s speed-addition: u= LVZ
1+u'v/c

(vi) Einstein mass-energy relation: E=mc?.
The Fundamental Formulae in the Theory of IOR

Under the principle of GC, through PGC logic route 1 and by directly
substituting the information-wave speed 7 of the general observation agent OA(7)
for the information-wave speed c of the optical observation agent OA(c), the
fundamental formulae of Einstein’s special relativity could isomorphically and
uniformly be transformed into that of IOR theory as follows:

(i) The IOR inertial spacetime X*d(n) (the general agent OA(7)):

x° =nt;
OA(7)= x““(n):{l_ f= 3—}
(n)= X=x,x*=y,x’ =12

ds? =7, dx“dx” = n°dt* — dx* —dy* —dz*
(i) The IOR factor of in inertial spacetime: 77(77)= a_ —,1—
) dT 1_V2/772

x=I(x"+vt")
_ y=y'
(iii) The general Lorentz transformation O'—-0: § 7 = 7

t=r(t'+vx/n*)

(iv) The IOR mass-speed relation: m= L

V1=V

(v) The law of IOR speed-addition: u=—""_
1+u'v/n

(vi) The IOR mass-energy relation: E=mz#?.

The fundamental formulae of IOR theory transformed correspondingly under the
principle of GC is exactly the same as that of IOR theory derived from the definition
of time and the invariance of time-frequency ratio [26271, It is thus clear that, under
the principle of GC, the whole theoretical system of IOR could directly be obtained
from Einstein’s theory of special relativity by the corresponding transformation of
isomorphic consistency: OA(c)—0A(r), and vice versa.
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In this way, under the principle of GC and through PGC logic route 1, the whole
theoretical system of IOR could be established.

11.5.2 The Deduction of IOR Theory
through PGC Logic Route 2

The principle of the invariance of light speed is the most important logical
premise of Einstein’s theory of special relativity.

However, the invariance of light speed has no the feature of self-evidence that a
principle should have. People could understand why energy is conserved, so the
principle of conservation of energy has the rationality as a principle. However,
people could not understand why the speed of light is invariant.

Through PGC logic route 1 and by the simply corresponding transformation of
c—n, one could directly obtain the theory of IOR that is isomorphically consistent
with Einstein’s theory of special relativity. However, PGC logic Route 1 could not
clarify the root and essence of the invariance of light speed and even that of all other
relativistic phenomena, and also could not clarify the causality between of the
general observation agent OA(7) and the optical observation agent OA(c).

Originally, the theory of IOR employs the definition of time and the invariance
of time-frequency ratio as the most basic logical premises. In the theoretical
system of IOR, there is an important logical consequence: the invariance of
information-wave speeds.

The invariance of information-wave speeds has revealed the essence of the
invariance of light speed: the speed of light is not really invariant; the so-called
invariance of light speed is actually a sort of observational effect, that is, an apparent
phenomenon while light is acting as the observation medium to transmit the
information of observed objects for observers, rather than the objectively physical
reality. The hypothesis of the invariance of light speed is the indispensable logical
premise of Einstein’s special relativity. Therefore, Einstein’s special relativity could
not explain by itself why the speed of light is invariant.

Perhaps, only when physical theories originated from the most basic logical
prerequisites, could we really know both what the relativistic phenomena were and
why the relativistic phenomena did. However, in any case, PGC logic route 2
contributes more to our understanding of the root and essence of relativistic
phenomena including the invariance of light speed than PGC logic route 1 do.

As stated in Chapter 4 of the 15t volume of OR: Inertially Observational
Relativity, the axiom system of Einstein’s theory of special relativity consists of
three principles, so-called Einstein’s three principles of special relativity:

(i) The principle of simplicity;

(ii) The principle of relativity;

(iii) The principle of the invariance of light speed

Under the principle of GC, by the corresponding transformation between the
optical observation agent OA(c) and the general observation agent OA(n):
OA(c)—>OA(n), Einstein’s three principles of special relativity could isomorphically
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and uniformly be transformed into the following three principles of OR theory and
become the axiom system of the theory of I0R, so-called the IOR three principles:

(i) The principle of simplicity;
(if) The principle of relativity;
(iii) The principle of the invariance of information-wave speeds.

In the logical premises of IOR theory, the principle of simplicity and the
principle of relativity remain valid; however, under the principle of GC, Einstein’s
principle of the invariance of light speed is correspondingly transformed into the
principle of the invariance of information-wave speeds, in which the
information-wave speed 77 of OA(7) replaces the light speed ¢ of OA(c).

Thus, through PGC logic route 2, on the basis of the IOR three principles, and
by analogizing or following the logic of Einstein’s special relativity, one could
deduce the theory of IOR. In this way, one could establish the whole theoretical
system of IOR that must be isomorphically consistent with Einstein’s theory of
special relativity 11 (or see Secs. 4.2-3 of Chapter 4 in the 1%t volume of OR:
Inertially Observational Relativity).

Compared with PGC logic route 1, PGC logic route 2 is more helpful in
clarifying the logical ideas and the causality of IOR theory, and at the same time, is
more helpful in our understanding of the root and essence of the invariance of light
speed and even all other inertial relativistic phenomena.

However, both PGC logical route 1 and PGC logical route 2 are logical shortcuts.
Taking shortcuts comes at a cost. Whether through PGC logic route 1 or through
PGC logic route 2, we would miss the invariance of time-frequency ratio and the
transformation of IOR spacetime in differential form, and in particular, we would
fail to establish the theory of OR matter waves.

11.6 GOR Three Principles:
from Einstein’s General Relativity to GOR

As stated in Sec. 11.5, the principle of general correspondence (GC) could
isomorphically and uniformly transform Einstein’s special relativity of the optical
observation agent OA(c) into the IOR theory of the general observation agent OA(7).
Likewise, the principle of GC could also isomorphically and uniformly transform
Einstein’s general relativity of the optical observation agent OA(c) into the GOR
theory of the general observation agent OA(7).

The 2" volume of OR: Gravitationally Observational Relativity (GOR),
under the principle of GC, attempts to extend Einstein’s general relativity from the
optical agent OA(c) to the general observation agent OA(#), and ultimately, to
establish the whole theoretical system of GOR.

As stated in Sec. 11.4, According to the principle of GC, we have two logical
routes to follow for deducing the theory of GOR.

11.6.1 The Deduction of GOR Theory
through PGC Logic Route 1
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The Fundamental Formulae in Einstein’s General Relativity
(are simply be summarized as follows):
(i) Minkowski 4d gravitational spacetime X“d(c) (the optical agent OA(c)):

x° =ct;
. X“d(c):{ T }
OA(c)= X=x,x=y,x =z

d52 = gﬂvdx"dx" (gyv = gyv (C, x* ))
(ii) The Lorentz factor in gravitational spacetime:
dt 1

y(vll)_dr i\
J (- 22/@ - ) v/
(chz(goo _1)/2; Vi :_goi/\/g)

(iii) The geodesic equation: for matter motion

d’x“ _, dx”* dx’
—=0 =0,1,2,3
ds> ~ “ ds ds (u )

L 1 LV
[Ft;ﬁ (C):Eg} (gav,ﬂ +gvﬂ,a _gﬂa,v )J
(iv) Einstein’s field equation: for spacetime curvature

872G j

C4

1
G = R/w —Egva :—KTHV (K:

nv

(R, (c)=rg,,~I7, + oI5, +T5T2,)

MOV MV, o uo™ av uv’ aoc

The Fundamental Formulae in the Theory of GOR

Under the principle of GC, through PGC logic route 1 and by directly

substituting the information-wave speed 7 of the general observation agent OA(7)
for the information-wave speed c of the optical observation agent OA(c), the
fundamental formulae of Einstein’s general relativity could isomorphically and

uniformly be transformed into that of GOR theory as follows:

(i) The GOR gravitational spacetime X*d(#) (the general agent OA(7)):

x° =nt;
A X4d(77):{1 ! 2 3 }
OA(n)= X =xx =y, x* =12
d52 :g#VdX#dXV (g,HV = g,l”/ (77’ X ))

(ii) The GOR factor in gravitational spacetime:
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dt 1
o \/(m—%vi/ﬂ)z—vz/ﬂz
(Z n (goo -1 /2 Vi = gm/@)

(iii) The GOR geodesic equation: for matter motion

I'(n)=

d’x“ _, dx” dx”
2 + aff
ds ds ds

L 1 v
(Féﬁ (’7) :Eg# (gav,/i + gv/i,a - g/fa,v )j

(iv) The GOR field equation: for spacetime curvature

1 872G
G :RW—EQWR:—KTW (K: ]

uv 4

n
(Ry, (n)=10,, ~T5 + oI5, + 0TS,

Ho Vv uv,o uo’ av uvt aoc

=0 (4=012,3)

PGC logic route 1 is the most convenient logical channel for the theory of GOR.

It could be predicted that, under the principle of GC, even through such a simple
and direct logical channel, one could establish the whole theoretical system of
Gravitationally Observational Relativity (GOR).

11.6.2 The Deduction of GOR Theory
through PGC Logic Route 2

The axiom system of Einstein’s theory of general relativity also consists of three
principles, so-called Einstein’s three principles of general relativity:

(i) The principle of equivalence;
(if) The principle of general covariance;
(iii) The principle of the invariance of light speed

It is just because the principle of the invariance of light speed is employed as the
logical premise of Einstein’s special relativity that the speed of light ¢ appears in
Einstein’s theory of special relativity, for instance, appears in the transformation
factor y(v) of inertial spacetime: y(v)= 1/N(1-v?/c?). Likewise, it is also because the
principle of the invariance of light speed is employed as the logical premise of
Einstein’s general relativity that the speed of light ¢ appears in Einstein’s theory of
general relativity, for instance, appears in the transformation factor y(y) of
gravitational spacetime: y(y)=1/N(1+2y/c?). As stated repeatedly by the theory of
OR, the principle of the invariance of light speed is the logical premise of both
Einstein’s special relativity and Einstein’s general relativity. With the help of the
principle of equivalence, the invariance of light speed could play its role as a
principle or a logical premise in Einstein’s theory of general relativity. In other
words, it was in order to play the role of the invariance of light speed as the principle
or logical premise in Einstein’s theory of general relativity that Einstein constructed
the principle of equivalence 5251,
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The optical observation agent OA(c) in Eqg. (10.1) and the general observation
agent OA(7) in Eg. (10.2) have the corresponding relationship of isomorphically
consistency. Under the principle of GC, OA(c) can isomorphically and uniformly be
transformed into OA(r). Therefore, under the principle of GC, by the corresponding
transformation of isomorphic consistency: OA(c)—>OA(7), Einstein’s three
principles as the axiom system of general relativity could isomorphically and
uniformly be transformed into the GOR three principles as the axiom system of
the theory of gravitationally observational relativity (GOR):

(i) The principle of equivalence;
(if) The principle of general covariance;
(iii) The principle of the invariance of information-wave speeds.

In the logical premises of GOR theory, the principle of equivalence and the
principle of general covariance proposed by Einstein remain valid, and moreover,
under the principle of GC, have gained more universal significance: the observers in
which could not only serve different reference frames but also have different
observation agents. As in the case of IOR theory in Sec. 11.5.2, under the principle
of GC, Einstein’s principle of the invariance of light speed is correspondingly
transformed into the principle of the invariance of information-wave speeds, in
which the information-wave speed 7 of the general observation agent OA(7)
replaces the light speed ¢ of OA(c).

In this way, on the basis of the axiom system or logical premises of GOR theory,
i.e., the GOR three principles, and by analogizing or following the logic of
Einstein’s general relativity, one could deduce the theory of GOR. So, we could
establish the whole theoretical system of GOR that must be isomorphically
consistent with Einstein’s theory of general relativity.

Compared with PGC logic route 1, PGC logic route 2 is more helpful in our
understanding of Einstein’s general relativity, more helpful in our understanding of
the phenomena of spacetime curvature and even all other relativistic effects in
gravitational spacetime, and at the same time, more helpful in clarifying the logical
idea and the causality of GOR theory.
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12 The Spacetime Theory of GOR

The GOR spacetime, like the IOR spacetime, is the observational spacetime of
the general observation agent OA(7). However, the IOR spacetime is inertial
Spacetime, while the GOR spacetime is gravitational spacetime.

The spacetime that human beings could perceive depends on observation, which
is the spacetime X#(7) that the physical world presents to observer through certain
observation agents OA(7) (n<(0,+x)), rather than the objectively real spacetime.
The realistic observational agents, including the human sensors and the optical agent
OA(c), all have the observational locality (7<), which makes the gravitational
spacetime we perceive or observe exhibit a certain degree of gravitational relativistic
effects, appearing to be somewhat curved.

It is the primary problem of the theory of gravitationally observational relativity
(GOR) how to define and describe the gravitational spacetime in observation.

Alternatively, how should physicist observe and measure the space and time of
gravitational spacetime in observation?

Avre the gravitational relativistic effects, including the phenomenon of spacetime
curvature, the essential characteristics of the physical world, or the observational
effects caused by the observational locality?

12.1 The Problem of the Locality of
Gravitational Spacetime
With regard to gravity or gravitational interaction, there are two theoretical

systems in physics: one is Newton’s theory of universal gravitation [1; the other is
Einstein’s theory of general relativity [€1.

Both Newton’s and Einstein’s involve two classes of locality problems:
(i) The gravitational locality;
(ii) The observational locality.

12.1.1 The Gravitational Locality:
the Gravitation-Wave Speed is Finite
As formalized models of the physical world, all theories in physics must have
certain idealized characteristics.

Actually, both Newton’s theory of universal gravitation and Einstein’s theory of
general relativity imply an important idealized hypothesis: gravity is an action at a
distance, or the speed of gravitational radiation is infinite.

Newton’s law of universal gravitation does not take into account the locality of
gravitational interaction: when the distribution of matter in a physical system
changes, the gravitational field described by Poisson’s equation also change
instantaneously [2°1, or in other words, it takes no time for gravity to cross space.

Newton’s law of universal gravitation is the gravitational law of the idealized
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agent OA., while Einstein’s field equation is the gravitational law of optical agent
OA(c). According to Einstein’s theory of general relativity, under the condition of
weak-field approximation, Einstein’s field equation reduces to Newton’s law of
universal gravitation in the form of Poisson’s equation.

You could not imagine that the speed of gravitational radiation would be higher
in a weaker gravitational field.

So, this suggests that, just like Newton’s gravity or gravitational interaction,
Einstein’s gravity or gravitational interaction in his general relativity is also
idealized as an action at a distance: the speed of gravitational radiation is infinite.

According to the principle of physical observability (see Chapter 2), there is no
action at a distance in the physical world 2628; all physical quantities, including the
speed of gravitational radiation, must be finite or limited.

In 1859, French astronomer Verrier found that the elliptical orbit of Mercury
was precessing at a rate different from that predicted by Newton’s law 1261, which
aroused people’s attention to the speed of gravity. In 1805, Laplace reached a
conclusion through calculation 3I: the speed of gravitational radiation was greater
than 7x10%. American physicist Flandern believed that [1?71: the speed of
gravitational radiation is much greater than the speed ¢ of light, otherwise, the
galaxies in the universe would lose their existing stable structures; in 1998, he
calculated that the speed of gravitational radiation was 2x10%°c.

Based on his theory of general relativity [¥], Einstein derived a so-called
gravitational wave equation, in which the speed of gravitational waves is exactly the
speed of light. However, logically or as far as the logic goes, both Newton’s theory
of universal gravitation and Einstein’s theory of general relativity have no prior
information about gravitational waves or the speed of gravitational radiation, and
therefore, it is simply impossible for Einstein to calculate the speed of gravitational
waves or derive the equation for predicting gravitational waves.

So, what does Einstein’s equation on gravitational waves mean? Why is the
speed of gravitational waves predicted by Einstein exactly the speed of light?

The theory of GOR will reveal the mystery for us.

It should be pointed out that, like Newton’s theory of universal gravitation and
Einstein’s theory of general relativity, the theory of GOR also have no prior
information about gravitational waves or the speed of gravitational radiation. The
theory of GOR also contains such an important idealized hypothesis: gravity is an
action at a distance, or the speed of gravitational radiation is infinite.

12.1.2 The Observational Locality:
the Information-Wave Speeds are finite

Newton’s theory of universal gravitation is the product of the idealized
observation agent OA., in which the speed of information wave is infinite: there is
no observational locality (7—o0) in Newton’s gravitational spacetime, and it takes
no time for observed information to cross space. However, Einstein’s theory of
general relativity is the product of the optical observation agent OA(c), in which the
speed of information wave is the speed of light c and is finite or limited: there is the
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observational locality (c<w) in Einstein’s gravitational spacetime, and so it takes
time for observed information to cross space.

Like Einstein’s special relativistic phenomena (including the invariance of light
speed) in inertial spacetime, the root and essence of Einstein’s general relativistic
phenomena (including spacetime curvature) in gravitational spacetime also lie in the
observational locality (c<wo) of the optical observation agent OA(c). By examining
Schwarzschild metric 8%, the theory of OR suggest that [2627] actually, the so-called
spacetime curvature is only a sort of observational effect. The optical agent OA(c)
with observational locality (c<w) is just like a wide-angle lens, making the
gravitational spacetime look or observe somewhat curved or deformed.

The theory of GOR will further clarify that, if we could employ the idealized
agent OA. (n—) to observe the physical world, then the gravitational spacetime
would present its objectively real face: flat and not curved.

In Newton’s theory of universal gravitation [, gravity, like electromagnetic
force, weak force and strong force, is a kind of force, i.e., one of the four
fundamental interactions between matter and matter, rather than the geometric effect
of spacetime curvature. However, in Einstein’s theory of general relativity ©l, the
gravity or gravitational force is removed from the universe, and only left the
geometrized effects of gravity: curved spacetime. Einstein’s theory of general
relativity geometrizes gravity and equates the gravitational effect with spacetime
curvature: matter makes spacetime curved; curved spacetime makes matter moved.
Thus, the earth’s motion around the sun is no longer the effect of gravity or
gravitational force, but that of curved spacetime.

The geometrization of gravitational effects can be regarded as a formalized
method for matter interactions. Actually, under the principle of general
correspondence (GC), such method will penetrate into the theory of GOR and the
process of GOR logical deduction. However, such a method for geometrizing
gravitational effects is only a formalized means after all, which does not represent
the real physical characters of gravity or gravitational force as a fundamental
interaction, and moreover, does not mean there is no gravitational force in the
universe. Otherwise, we should also have geometrized the other three fundamental
interactions, including electromagnetic force, weak force and strong force.

The theory of GOR will tell us that the so-called spacetime curvature is not due
to the distribution or accumulation of matter or energy, but just a sort of
observational effect or apparent phenomenon.

12.2 The Spacetime Theory
of Einstein’s General Relativity
Before relating and analyzing the spacetime theory of GOR under the principle
of general correspondence (GC), we need to first recognize the spacetime theory of

Einstein’s general relativity, and to understand the observational spacetime X*¢(c) of
gravitational field under the optical agent OA(c).

Einstein’s theory of general relativity is the product of the optical observation
agent OA(c), in which, the basic task of OA(c) is to employ light or electromagnetic
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interaction as the observation medium to quantify and measure the gravitational
spacetime X*d(c) of OA(c), including the determinations of space and time.

It should be pointed out that the determination of the gravitational spacetime
X*d(c) of OA(c) in Einstein’s general relativity needs to make use of the principle of
equivalence and the principle of the invariance of light speed. In his theory of
general relativity, Einstein introduced the local inertial spacetime based on the
principle of equivalence, the aim or effect of which is to make gravitational
spacetime locally equivalent to inertial spacetime or to the free spacetime Sg where
the principle of the invariance of light speed holds true, so that one or OA(c) could:

(i) determine the time of X“d(c): to transform the observational or observed
time dt into the standard time d;

(ii) determine the space of X“d(c): to employ the standard time dz and the
invariant light speed ¢ for calculating the physical space dl.

12.2.1 Einstein’s Concept of Time

Actually, the coordinate framework of Minkowski 4d spacetime is the
observational spacetime X4“d(c) of the optical agent OA(C), implying Einstein’s
theory of spacetime, in which X“d(c) is the observational 4d spacetime of OA(c)
with the 1d time and the 3d space:

(i) the coordinate of the 1d time: x°=ct;

(ii) the coordinate of the 3d space: x!=x, x>=y, x3=z.
where t=x%c implies the invariance of light speed.

Suppose that a moving object, i.e., the observed object P, moves in X*I(c), then
its spacetime trajectory (including the time-element dt and line-element ds) can be

described based on the definition of the coordinate framework X*d(c) of Minkowski
4d spacetime in Eq. (10.1) of Chapter 1:

{dt =dx’/c

. . 12.1
ds? =g, (c)dx“dx” =c>gy,dt? + 2cg,dx'dt + g, dx'dx" (12.1)

where dt is the observational time observed by the observer with the optical
observation agent OA(c), x“ (1#=1,2,3,4) are the coordinates of the observational
spacetime X“*d(c) of OA(c), g..v(c) is the spacetime metric of X*d(c) of OA(c), ds is
the line-element of P’s spacetime trajectory, and x'(t) (i=1,2,3) are the space
coordinates at the specific time t.

The theory of OR (both IOR and GOR) refers to the time t of the observational
spacetime X“i(c) of OA(c) as the observational or observed time of the optical
observation agent OA(c). However, in his theory of relativity, Einstein did not make
clear about the status and effect of observation. In the observational spacetime X“d(c)
of OA(c) in Eqg. (10.1) or (12.1), we are not quite clear about where the clock for
indicating the time t and where the observer for observing the time t.

So, what does the time dt in the observational spacetime X*d(c) mean?

Suppose that the observed object P itself is a clock, or Tp is the intrinsic clock
of P. According to Def. 1.2 in Chapter 1, if the observer O and the observed object P
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are relatively stationary in inertial spacetime S or the free spacetime S, then the
time obtained by O observing P or Tp is exactly the objective and real time (proper
time): dz=ds/c; otherwise, the time obtained by O observing P or T can only be the
observational or observed time of O of OA(c): dt=dx%c.

The Time of Inertial Spacetime in Einstein’s Special Relativity

The observational spacetime X*d(c) in Einstein’s theory of special relativity is
inertial spacetime: g,,=7n.=diag(+1,-1,-1,-1) is Minkowski metric.
Therefore, from Eq. (12.1), it follows that:

dx® dr ds dl
dt=—=—+—— |d :—,v:—,dl:«/dx2+d2+dzzj
- 1—v2/c2 ( T . pm y (12.2)
where Einstein called 7 the standard time and t the coordinate time; v is the

relative speed between the observer O and the observed object P or Tp in the inertial
spacetime X*d(c) of the optical observation OA(c).

According to the relation (Eq. (12.2)) of Einstein’s theory of special relativity:

(i) If v=0 then dt=dz, which suggests that Einstein’s concept of the standard
time (d<z) is consistent with the concept of the intrinsic time defined in Def.
1.2 of the theory of OR,;

(ii) 1f v=0 then dt >dz, which is known as the time dilation in inertial spacetime,
and according to Eq. (12.2), different inertial speeds v of P would lead to
different degrees of time dilation.

In inertial spacetime, motion is relative and so is rest.

With regard to the time-element dt in the relation (Eq. (12.2)) of Einstein’s
special relativity, you could imagine that the observer O is at rest, while the
observed object P moves relative to O at the inertial speed v. In this case, dt should
be the time the moving clock Tp indicates to the static observer O. You could also
imagine that P is at rest, while O moves relative to P at the inertial speed v. In this
case, dt should be the time the static clock Te indicates to the moving observer O.

In Einstein’s special relativity, the clock static in inertial spacetime S; is
regarded as the standard clock, and the time it indicates to the observer static in
inertial spacetime S, is the standard time, i.e., proper time: dz.

It is generally thought that the proper time dz represents the time rate of the
clock static in inertial spacetime, and the observed time dt represents the time rate of
the clock moving in inertial spacetime. However, if dt is interpreted as the time rate
of moving clock, then dt >dz means that moving clock runs faster, which is contrary
to the cognition of Einstein’s special relativity that moving clock runs slower. So, dt
is actually the time the static standard clock indicates to the moving observer.

The theory of IOR has clarified that [2628] in the inertial spacetime X“d(c) of the
optical agent OA(c), the intrinsic clock Tp of the observed object P should be
regarded the standard clock static in the free spacetime Sg, and dt is the time the
static standard clock Tp indicates to the moving observer O by OA(c).

The Time of Gravitational Spacetime in Einstein’s General Relativity
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The observational spacetime X#(c) in Einstein’s theory of general relativity is
gravitational spacetime, its spacetime metric g,,=g,.(Cc,x%) depends on the spacetime
coordinates x* (a=0,1,2,3) of X“d(c) and is related to the speed c of light: different
coordinates might have different time rates observationally.

In terms of time, like in his theory of special relativity, there are also two
concepts in Einstein’s theory of general relativity:

(i) The standard time: dz=ds/c;
(ii) The coordinate time: dt=ds/(cV(goo))

It is generally thought that: the standard time is namely the time of the standard
clock; the coordinate time is namely the time of the coordinate clock. Thus,
according to Eqg. (12.1), the coordinate clock should be static in the space
coordinate x' (dx'=0) of the observational spacetime X*d(c), and the standard clock
should be static in inertial spacetime S; or the free spacetime Sg (9,1= 17y, dx'=0).

According to the coordinate framework of Minkowski 4d spacetime or the
definition of the optical observation agent OA(c) in Eq. (10.1), the time rate dt in Eq.
(12.1) of the observational spacetime Xd(c) should be dt=dx%c. Actually, the time
dt=dx%c in Einstein’s general relativity is one of the observed quantities defined in
Def. 1.2, and can be called the observed time; the standard time dz=ds/c in
Einstein’s general relativity is one of the intrinsic physical quantities defined in Def.
1.2, and can be called the intrinsic time (proper time): the objectively real time.

It is thus clear that, in general, the observational time dt=dx%c of OA(c) is not
quite the same as the coordinate time dt=ds/(cV(goo)) of the observational spacetime
X4d(c), unless P is stationary in the observational spacetime X4(c).

It is worth noting that, because of this, Einstein made the neighborhood of the
point P in the gravitational spacetime X“d(c) locally become an equivalent inertial
spacetime under the principle of equivalence, in which P is instantaneously static.

If P is static in X#d(c), then dx'=0 (i=1,2,3); according to Eq. (12.1), it follows

0
g __ds _ dr (dr=$,900:1+21/czj (12.3)
C ¢y 1+ ZZ/CZ ¢

where y (=—GM/r <0) is the gravitational potential at the specific space coordinate X!
(i=1,2,3) in X*I(c).
According to Eg. (12.3) in Einstein’s general relativity:

(i) If y=0 then dt=dz, which suggests that the concept of the standard time in
Einstein’s general relativity is equivalent to the concept of the intrinsic
time in the theory of OR (both IOR and GOR);

(ii) If y=0 then dt>dz, which is known as the time dilation of gravitational
spacetime, and according to Eq. (12.3), different gravitational potential y of
P would lead to different degrees of time dilation.

In gravitational spacetime, there might be a certain difference of gravitational
potential between the observer O and the observed object P. With regard to the
time-element dt in the relation (Eg. (12.3)) of Einstein’s general relativity, you could
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imagine that O is static in the free spacetime Sr (y=0), while P is located at y (0)
in the gravitational spacetime X?#d(c). In this case, dt should be the time the clock Te
at y in the potential field indicates to the observer O at y=0. You could also imagine
that P is static in the free spacetime Sk (y=0), while O is located at y (#0) in the
gravitational spacetime X“d(c). In this case, dt should be the time the standard clock
Tp at =0 indicates to the observer O at y (0) in the potential field.

In Einstein’s general relativity, the clock static at the null potential (y=0) is
regarded as the standard clock, and the time it indicates to the observer static at the
null potential (y=0) is the standard time, i.e., proper time: d=.

It is generally thought that the proper time dz represents the time rate of the
clock static at the null potential (y=0), and the observed time dt represents the time
rate of the clock in the potential field. However, if dt is interpreted as the rate of
potential clock, then dt>dz means that potential clock runs faster, which is contrary
to the cognition of Einstein’s general relativity that potential clock runs slower. So,
dt is actually the time the null-potential standard clock indicates to the observer in
the potential field.

The theory of GOR will clarify that, in the gravitational spacetime X*(c) of the
optical agent OA(c), the intrinsic clock Tp of the observed object P should be
regarded the standard clock static in the free spacetime Sr (at the null potential y=0),
and dt is the time the null-potential standard clock Tp indicates to the observer O in
the potential field through OA(c).

The concepts of the standard time and the coordinate time are important
concepts of Einstein’s general relativity, which are employed to measure or
determine both the time and the space in the gravitational spacetime X“d(c) of the
optical observation agent OA(c).

12.2.2 The Determination of the Standard Time
in Einstein’s General Relativity [6128.129]

As stated in Sec. 12.2.1, observers moving at different inertial speeds (v) have
different rates of observed time dt in inertial spacetime; observers located at
different gravitational potentials () also have different rates of observed time dt in
gravitational spacetime.

The spacetime in Einstein’s special relativity is inertial spacetime, belonging to
the observational spacetime X*(c) of the optical agent OA(c). As shown in Eq.
(12.2), dz is the time when v=0, and Einstein interpreted dz as the time rate of the
clock static in inertial spacetime; dt is the time when v=0, and Einstein interpreted dt
as the time rate of the clock moving in inertial spacetime. The observed dt depends
on the inertial speed v of the observed object P in X*d(c), but does not depend on the
space coordinates of P in X“d(c). Therefore, in his theory of special relativity,
Einstein seemed to prefer to use dt rather than dz to describe the movement of P.
And moreover, based on the observed time-element dt that is not the objectively real
time, Einstein interpreted his views of the relativity of simultaneity, time dilation,
and length contraction, and exaggerated his thought that relativistic phenomena are
the essential characteristics of spacetime and matter motion.
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The spacetime in Einstein’s general relativity is gravitational spacetime, also
belonging to the observational spacetime X“d(c) of the optical agent OA(c). As
shown in Eq. (12.3), dr is the time when »=0, and Einstein interpreted dz as the
time rate of the clock located at the null potential; dt is the time when =0, and
Einstein interpreted dt as the time rate of the clock located at y in gravitational
spacetime. With regard to gravitational spacetime, different space coordinates have
different gravitational potential y, and therefore, have different time rates dt. In this
case, Einstein’s theory of general relativity could not directly employ the time rate dt
of the coordinate framework of Minkowski 4d spacetime to describe the movement
of the observed object P.

Perhaps, for this reason, Einstein realized that the time rate dt in the coordinate
framework of Minkowski 4d spacetime did not represent the objectively real time.

Einstein’s theory of general relativity needed a uniform time.

So, the concept of the standard time (d7z) appeared in Einstein’s theory of
general relativity to distinguish from the concept of the coordinate time (dt).

Naturally, the standard time should be independent of spacetime and matter
motion, and not depend on v and y.

Perhaps, this reminded Einstein of the clock static in inertial spacetime and the
proper time dz in Eq. (12.2). The standard clock in Einstein’s general relativity is
located at the null potential (y=0), equivalent to the standard clock static in inertial
spacetime (v=0) of Einstein’s special relativity. This implies that, with regarded to
the standard clock Tp as the observed object P, g,,=17,, and dx'=0 (i=1,2,3). Thus,
one could calculate the standard time dz independent of v and y from Eq. (12.1):

ds® =g, (c)dx“dx” =c*dz?
ds (12.4)
c

dr

Obviously, the standard time dz in Eq. (12.4) is the intrinsic physical quantity
defined in Def. 1.2 of Chapter 1, i.e., the intrinsic time (proper time): the objectively
real time.

Einstein’s special relativity needs to transform the observed time dt that depends
on the inertial speed v into the standard time dr; likewise, Einstein’s general
relativity needs to transform the observed time dt that depends on the gravitational
potential y into the standard time d=

If the intrinsic clock Tp of the observed object P is static in the free spacetime S,
then Tp is namely the standard clock, and its time is namely the standard time.
However, in Einstein’s view, P is in the gravitational potential field (y=0), Tp is not
the standard clock, and its time is not the standard time; if P is located at the specific
space coordinate X' (i=1,2,3) of X“d(c), then Tp is the coordinate clock at x', and the
time dt is the coordinate time at x'. So, Einstein needed to standardize the time in his
general relativity: to transform the gravitational spacetime X“i(c) into inertial
spacetime, to transform the clock Tp into the standard clock, and to transform the
coordinate time dt into the standard time d«.
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Let Do (X'(t) (i=1,2,3)) be the space coordinate of the observed object P at the
specific time t=x%c. The observer O located at Do originally belongs to the
gravitational spacetime Sc=X“d(c); Sc is the observational spacetime So of O with
OA(c). As depicted in Fig. 12.1(al), under the principle of equivalence, one could
introduce a locally inertial spacetime S; at Do, in which P and O are instantaneously
static at Do, so that the principle of the invariance of light speed holds true in the
neighborhood of Do.

In this way, the principle of equivalence embodies its special value and

significance: through the principle of equivalence, the gravitational spacetime Sg is
instantaneously and locally transformed into the equivalent inertial spacetime S,.

According to Eq. (12.4), the standard time dz is proportional to the line-element
ds of the observed object P in the observational spacetime X“d(c) of the optical agent
OA(c). As depicted in Fig. 12.1(al), let L be the world line of P in the gravitational
spacetime Sg of OA(c), and L, be the world line of P in the equivalent inertial
spacetime S;. Reasonably, the standard time in Sg can be defined as dzg=dsg/c; the
standard time in S can be defined as dz=ds)/c.

Obviously, according to the definition of the standard time dzin Eq. (12.4), the
d= in inertial spacetime S, is the objectively real time, i.e., the intrinsic time (proper
time) dz: dry=dr.

According to differential geometry, the line-element dsc of the curve Lg is equal
to the line-element ds; of the tangent L, to Ls: dsg=ds,. So, it follows that

ds, ds
dr, =—%=—"'=dr, =dr 12.5
o= =g (125)

Equation (12.5) is of the important and profound implication: different
observational spacetimes X“d(c) of the optical agent OA(c), including Sg and S;, has
the identical standard time, which is exactly the objective and real time, i.e., the
intrinsic time (proper time) dz.

Under the principle of equivalence, the gravitational spacetime Sg=X#(c)
becomes the inertial spacetime S; locally equivalent Sg, in which the observed object
P and the observer O located at Do (x') is instantaneously static in S;: dx'=0 (i=1,2,3).
Therefore, according to Eq. (12.1) and Egs. (12.4-5), the standard time dz in
Einstein’s theory of general relativity can be determined with the coordinate time dt:

ds 1
d :—:—./ dx“dx”
‘ c ¢ G

(12.6)
1 f 2 2
- E goodxo = gOOdt - :I'—i_c_itdt (goo :1+C_)2(j

where y is the gravitational potential at the space coordinate x' (i=1,2,3) in X4(c).

Equation (12.6) suggests that: in Einstein’s theory of general relativity, the
standard time could be determined; more importantly, the objective real time, i.e.,
the proper time, could be determined by observing and measuring.

In particular, it should be pointed out that, as one of the logical premises in
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Einstein’s theory of general relativity, the hypothesis of the invariance of light
speed plays an important role in the determination of time.

As stated in Sec. 1.4 of Chapter 1, Minkowski spacetime, or the coordinate
framework of 4d spacetime X*d(c) of the optical agent OA(c), is a sort of formalized
expression of the principle of the invariance of light speed, in which the time axis
x%=ct (see Eq. (10.1) or Eq. (12.1)) represents the invariance of light speed. It was
based on the time-element dt=dx%c in Eq. (12.1) and the line-element ds=g,,, dx#dx"
in Eq. (12.1) of the observed object P that Einstein derived Eq. (12.6), i.e., the
formula of the standard time d=.

12.2.3 The Determination of the Physical Space
in Einstein’s General Relativity [6128.129]

In Einstein’s theory of general relativity, the determination of physical space
depends not only on the standard time dz but also on the hypothesis of the
invariance of light speed. So, Einstein had to make use of the principle of
equivalence to transform the gravitational spacetime Sg=X“d(c) into the equivalent
inertial spacetime S, at Dy instantaneously and locally.

As depicted in Fig. 12.1(a2), let D be a space point close enough to Do in the
gravitational spacetime Sc=X“d(c); send an optical signal from Do to D and then be
reflected from D back to Do. The time it takes obeys:

+ax?,  (dx° =cdt) (12.7)

where the gravitational spacetime Sg is not necessarily isotropic, and therefore, the
time the dx%u takes is not necessarily equals to the time the dx%ack takes.

If the spatial displacement from Do to D is dx' (i=1,2,3), then the spatial
displacement from D to Do is —dx' (i=1,2,3). Under the optical observation agent
OA(c), the spacetime line-element ds?=0 of light, and therefore, we have:

dx® =dx°

out

0= gy (X

out

)2 +2g,,dx'dxS, + g, dx'dx"

) _ .
0=10y (dxt?ack) — 20 X' X + 0y X X" (12.8)
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Particularly, according to the principle of equivalence and the principle of
general covariance, the locally inertial spacetime S; at Do must be isotropic, in which
the invariance of light speed holds true. Therefore, the physical space distance dl
between Do and D can be defined as dl=cdz/2 based on the standard time dzand the
speed c of light in the vacuum.

According to Eq. (12.6), the standard time (proper time) dz=(goo)dx/c.
Then, the physical space distance dI can be measured or determined as follows:

dx® =dx°

out

o _
+ Xy = 2
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(12.9)
or dI* =y, (C)dxika (%k (c)= B _ gik]
gOO
where ik (i,k=1,2,3) is the physical space metric.

12.2.4 The Factor of GOR Spacetime Transformation
in Einstein’s General Relativity [8129.130]

In Einstein’s theory of relativity, the factor y=dt/dz of spacetime transformation
is the ratio of the observed time-element dt to the intrinsic time-element d z, which is
an important physical quantity: the larger the factor y, the more significant the
relativistic phenomena of the observed object.

Therefore, ¥ may also be referred to as the relativistic factor for characterizing
the relativistic effects of spacetime and matter motion

The Factor of Inertial Spacetime Transformation: y=y(v)

In Einstein’s theory of special relativity, the factor y=dt/dz of spacetime
transformation is the relativistic factor of inertial spacetime transformation, i.e., the
Lorentz factor:

_de_ 1
e 1-v?/c?

where y=y(v) depends on the inertial speed v of the observed object P: the larger the
|v|, the more significant the relativistic effects of inertial motion.

(12.10)

The Factor of Gravitational Spacetime Transformation: y=y(y)

In Einstein’s theory of general relativity, the factor y=dt/dz of spacetime
transformation is the relativistic factor of gravitational spacetime transformation. In
the case of simple gravity (v=0):

dt 1
ym— (12.11)

dr fi+24/c

where y=y(y) depends on the gravitational potential y of the observed object P: the
larger the ||, the more significant the relativistic effects of gravitational interaction.

The Factor of Gravitational Spacetime Transformation: y=y(v,x)

Suppose that the observed object P moves in the gravitational field, then in
Einstein’s general relativity, the factor of spacetime transformation should be:

Y= a_ ! (12.12)

dr J1+2y/c? —v?/c? '

where y=y(v,x) depends on both the gravitational potential y of the observed object
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P and the speed v of the observed object P relative the observer O.
The Factor of Gravitational Spacetime Transformation: y=y(v,x,yi)

It is worth noting that, in Eq. (12.12), the y is a scalar, representing the scalar
potential of gravity. Einstein imagined that, like the electromagnetic field,
gravitational field might have both scalar potential and vector potential: Following
the definition of the strength of electromagnetic field, the field strength g at a space
point in gravitational field could be defined as follows:

. AF
g:AInlquOm (AF =Ama)

av o o [ dX ‘
a:E:P: yeaa a:Faai:yika

where Am is the mass. According to the principle of equivalence, there is no
distinction between gravitational mass and inertial mass; the strength g of
gravitational field is equivalent to the gravitational acceleration a (a',a%a®) at the
space point x' (i=1,2,3).

According to Einstein’s theory of general relativity:

oy, _
2 :_%_C /1+i_§( 7.850) [% (C)E_\/QT%] (12.14)

where y; (i=1,2,3) is the vector potential and y the scalar potential of gravity.

If the vector potential of gravity really exists in gravitational field, then Jie (1,2,
3) goi=0; according to Eq. (12.9), in the observational spacetime X*d(c) of the optical
agent OA(c), the space metric yi (i,k=1,2,3) is related to the time axis x° of X*d(c).
This would mean that the space axis X' i e (1,2,3) of X4d(c) might not be orthogonal
to the time axis x° of X*d(c): space and time are interdependent.

Conversely, if the vector potential of gravity does not exist in gravitational field,
then goi=0 (i=1,2,3); according to Eq. (12.9), in the observational spacetime X“d(c)
of the optical agent OA(c), the space metric yik=—gix (i,k=1,2,3) is not related to the
time axis x° of X4d(c). This would mean that the space axis x'i < (1,2,3) of X%d(c) is
orthogonal to the time axis x° of X“*d(c): space and time are orthogonal and
independent of each other; the corresponding coordinate system of X“d(c) could be
referred to as the orthogonal spacetime.

So, is there really the vector potential of gravity in gravitational field?
This involves the problem about whether the time axis and the space axes are

orthogonal in 4d spacetime. More importantly, this has led to the problem about
whether space and time are interdependent.

Under the optical agent OA(c) in Eq. (10.1), the observed time dt=dx%c and the
intrinsic time dz=ds/c. Considering both the scalar potential y and the vector
potential 7 (i=1,2,3) in gravitational field, then

(12.13)

50



dt dx®  dx® dx’
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1 (12.15)
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where y=y(v,y,7) depends on the speed v of the observed object P relative the
observer O, and meanwhile, depends on the scalar potential y and the vector
potential y; (i=1,2,3) of P.
Equation (12.15) is the most general factor y of spacetime transformation in

Einstein’s theory of general relativity. By contrasting Eq. (12.15) with Egs. (12.6),
(12.9) and (12.14), the factor yin Eq. (12.15) could be rewritten as:

Tdr N2 (12.16)
2 .
J( /“f‘”vj v
C c C

where v=dl/dt and v'=dx'/dt (i=1,2,3).

The factor of spacetime transformation in Einstein’s general relativity (Eq.
(12.16)) has generalized the relativistic effects of both inertial spacetime and
gravitational spacetime: without gravitational field (=0, i=0), Eq. (12.16) reduces
to the factor y=1/N(1-v?/c?) (Eq. (12.10)) of inertial spacetime transformation;

without inertial motion (v=0), Eq. (12.16) reduces to the factor y=1/(1+2x/c?) (Eq.
(12.11)) of gravitational spacetime transformation.

12.2.5 The Problem of the Root and Essence
of Relativistic phenomena

Perhaps, the earlies observation of relativistic phenomena should be traced back
to the Michelson-Morley experiment [, which led to the birth of the
Fitzgerald-Lorentz transformation [3-61. Based on the Michelson-Morley experiment,
Einstein set up the principle of the invariance of light speed, theoretically derived
the Lorentz transformation, established the theory of special relativity in 1905 ["],
and then, established the theory of general relativity in 1915 . However, neither
Fitzgerald, Lorentz, nor Einstein understand what role light played in the Fitzgerald
transformation [l and the Lorentz transformation 1461,

Up to today, the mainstream school of physics still does not fully understand
what role light plays in Einstein’s theory of relativity, including the special relativity
and the general relativity.

Why does the speed of light ¢ appear in Einstein’s theory of relativity? In
particular, why does the speed of light ¢ occupy the specific position in the factor
y=dt/d z of spacetime transformation?

Naturally, it is due to the hypothesis of the invariance of light speed that the
speed c of light appears in Einstein’s theory of relativity, including in the special and
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in the general, and particularly, appears in the factor y=1/(1+2y/c2—v2/c?) of
spacetime transformation. However, as the logical premise of Einstein’s theory of
relativity, the hypothesis of the invariance of light speed itself cannot explain what
role light plays in Einstein’s theory of relativity.

Einstein believed and nowadays the mainstream school of physics also believe
that: the speed of light was the ultimate speed of the universe and could not be
exceeded, and therefore, the speed c of light was invariant or the same relative to all
inertial observers. So, the factor y=y(v,y,y) of spacetime transformation in Eq.
(12.16) depends on the speed v of matter motion as well as the scalar potential y and
vector potential (i=1,2,3) of gravitational field: if v=0 as well as y=0 and =0
(i=1,2,3), then y=I=1, and there is no relativistic phenomenon; if v=0 or =0 or
3i =0, then y>7.=1, and spacetime and matter motion would present relativistic
effects or relativistic phenomena.

Accordingly, Einstein believed and nowadays the mainstream school of physics
also believes that: relativistic phenomena, including the invariance of light speed
and the effect of spacetime curvature, were the essential characteristics of
spacetime and matter motion, and rooted from matter motion (v) and matter
interactions (y and ;).

However, the theory of IOR has already clarified that, in Einstein’s theory of
special relativity, the root of inertial relativistic effects does not lie in matter motion,
and the essence lies in the observational locality (c<w) of the optical agent OA(c).
The theory of GOR will further clarify that, in Einstein’s theory of general relativity,
the root of gravitational relativistic effects does not lie in matter interactions, and the
essence also lies in the observational locality (c<oo) of the optical agent OA(c).

12.3 The Measurement of GOR Spacetime

In his theory of general relativity, based on the principle of equivalence, Einstein
transformed gravitational spacetime into inertial spacetime, so that the hypothesis of
the invariance of light speed could holds true in the observational spacetime X*d(c)
of optical agent OA(c). Thus, the coordinate time could be transformed into the
standard time, and the time of gravitational spacetime could be measured or
determined; the gravitational space could be transformed into the inertial space, and
s0, the space of gravitational spacetime could be measured or determined.

Now, based on the principle of general correspondence (GC), we intend to
extend the concepts of the standard time and the coordinate time in Einstein’s theory
of general relativity, as well as Einstein’s logical way of determining the time and
space of gravitational spacetime, from the optical observation agent OA(c) to the
general observation agent OA(#) in the theory of GOR.

Einstein employed the optical observation agent OA(c) to measure spacetime,
including the inertial and the gravitational; while the theory of OR, including IOR
and GOR, employ the general observation agent OA(#7) to measure spacetime,
including the inertial and the gravitational.

12.3.1 GOR Logic Route: OA(c)—>OA(n)
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In theory, the observation medium of an observation agent OA(7) could be any
form of matter motion, not necessarily light; the transmitting speed 7 of observed
information could be any value, not necessarily the speed c of light.

In the objective world, the speed of matter motion must be finite or limited.

Therefore, like the optical agent OA(c), all realistic observation agents (OA(7):
ne(0,+0)) have the observational locality of their own. Restricted by the
observation locality (7<), the observational spacetime X“d(7) of OA(n), like the
observational spacetime X“d(c) of OA(c), also appears to be somewhat curved in
observation. However, as depicted in Fig. 12.1(b1), different observation agents
have different information-wave speeds and different degrees of observational
locality, and therefore, their observational spacetimes would present different
degrees of curvature.

Based on the principle of GC, you could make the corresponding transformation
of isomorphic consistency between different observation agents, including between
the optical agent OA(c) and the general observation agents OA(7). Actually, it is
based on the principle of GC that the optical observation agent OA(c) in Eq. (10.1)
is isomorphically and uniformly transformed into the general observation agent
OA(#n) (Eq. (10.2)) in Def. 10.1 of Chapter 10.

As stated in Sec. 11.4 of Chapter 11, based on the principle of GC, there are two

logic routes for you to deduce the formulae of measuring the space and time in
gravitational spacetime of GOR theory.

Following PGC Logical Route 1

Based on the principle of GC, transforming the optical agent OA(c) into the
general observation agent OA(7;) in the way of isomorphically-consistent
correspondence, the observational spacetime X“d(c) of OA(C) in Einstein’s general
relativity would be transformed into the GOR observational spacetime X*d(7) of
OA(n). In this way, the formulae for measuring the space and time of gravitational
spacetime in Einstein’s general relativity could isomorphically and uniformly be
transformed into that in the theory of GOR.

Firstly, substituting 7 for the light speed c, Eq. (12.6) for measuring the standard
time in Einstein’s general relativity could directly be transformed into the formula
for measuring the standard time in the theory of GOR:

2 2
dr= goo(n)dt=,f1+n—fdt [900(77)=1+’7—ﬂ (12.17)

where goo=goo(7) is the 00-element of the metric tensor g..(#) in the observational
spacetime X“d(7) of OA(#), distinguished from the goo(c) in the optical observation
spacetime X*d(c) of OA(c)

Thus, the standard time in the observational spacetime X“d(7) of the general
observation agent OA(7) (not just OA(c)) can be measured or determined.

Secondly, substituting 7 for the light speed c, Eq. (12.9) for measuring the
physical space in Einstein’s general relativity could directly be transformed into the
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formula for measuring the physical space in the theory of GOR:

dl = /7 (7) dx'dx"

- » _ (12.18)
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where y=yi(n) is the space metric in the observational spacetime X“d(7) of OA(7),
distinguished from the i(c) in the optical observation spacetime X*d(c) of OA(c).

Thus, the physical space of the observational spacetime X“d(7) of the general
observation agents OA(7) (not just OA(c)) can be measured or determined.

Following PGC Logical Route 2

Perhaps, based on the principle of GC, following PGC logic Route 2, it is more
helpful for us to understand the spacetime theory of Einstein’s general relativity, and
then to deduce the spacetime theory of GOR more logically.

Actually, what followed by Def. 10.1 is PGC logic route 2: in the optical agent
OA(c), x°=ct implies the invariance of light speed; while in the general observation
agent OA(7), x°=nt implies the invariance of information-wave speeds. Therefore,
the corresponding transformation of isomorphic consistency between OA(7) and
OA(c) is actually that between the invariance of information-wave speeds and the
invariance of light speed, rather than simply that between the information-wave
speed 7 and the light speed c.

As stated in Sec. 12.2, in Einstein’s theory of general relativity, the
measurement of gravitational spacetime, including the determination of time and the
determination of space, depends on Einstein’s three principles of general
relativity: (i) the principle of equivalence; (ii) the principle of general covariance;
(iii) the principle of the invariance of light speed.

As stated in Sec. 11.6 of Chapter 11, based on the principle of GC, following
PGC logic route 2, by replacing the invariance of light speed with the invariance of
information-wave speeds, the theory of GOR have had the GOR three principles:
(i) the principle of equivalence; (ii) the principle of general covariance; (iii) the
principle of the invariance of information-wave speeds. Naturally, taking such three
principles as the logical premised or axiom system, by analogizing and following the
logic of Einstein’s general relativity, the theory of GOR could derive the metric
relations of gravitational spacetime, including Egs. (12.17-18), which must be
isomorphically consistent with that of Einstein’s general relativity.

Under the principle of equivalence, the curved gravitational spacetime
Sc=X*(n) of the general observation agent OA(7) is instantaneously and locally
transformed into the equivalent flat inertial spacetime S,, i.e., the free spacetime Sr,
in which the principle of general covariance and the principle of the invariance of
information-wave speeds hold true. Thus, firstly, as what will be stated in Sec.12.3.3,
the standard time of GOR gravitational spacetime X*d(7) could be determined:
following Einstein’s logic, Eq. (12.17) could be derived; secondly, as what will be
stated in Sec. 12.3.4, the physical space of GOR gravitational spacetime X*(7)
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could be determined: following Einstein’s logic, Eq. (12.18) could be derived.

12.3.2 The Time Concept of GOR

As stated in Sec. 10.1 of Chapter 10, the definition of time (Def. 2.2 in Chapter
2) and its inference: the invariance of time-frequency ratio (Eq. (2.3)), remain
valid in the theory of GOR.

According to Def. 10.1, the observational spacetime X“(7) of the general
observation agent OA(#) is isomorphically consistent with the Minkowski spacetime
X*d(c) of the optical agent OA(c), and has the same spacetime structure of 1d time
and 3d space:

(i) The 1d time coordinate: x’=nt;

(ii) The 3d space coordinates: x!=x, x?=y, x3=z,
where the time coordinate t=x%r implies the invariance of information-wave speeds.

Let P the observed object and O the observer: P exists in the intrinsic spacetime
O, (the free spacetime Sg); O employs the observation agent OA(7) to observe P. In
the view of O, P moves in the observational spacetime X*d(7) of OA(#7). According
to Def 10.1, the spacetime trajectory of P could be described by the time-element dt
and the line-element ds in the observational spacetime X*4(7) of OA(7):

{dt —dx’/n

. 4 12.19
ds? =g, (7)dx“dx" =n’gy,dt® + 27g,dx'dt + g, dx'dx" (12.19)

where dt is the observational time observed by O with OA(7), x# (#=1,2,3,4) the
spacetime coordinates of X“(7), x'(t) (i=1,2,3) the space coordinates of P at a
specific time t=x%7, ds the line-element of spacetime trajectory of P, and g,.() the
spacetime metric of X*d(7) of OA(7).

The time-element dt in the definition of time in Def. 2.2 of Chapter 2 or in Eq.
(12.19) can be referred to as the GOR time.

Then, what relationships are there among the GOR time and the IOR time in
Def. 1.1 of Chapter 1 as well as Einstein’s coordinate time and standard time?

The GOR time is the time of general observation agent OA(7) in Def 10.1,
which is consistent with the time concept in Def. 2.2 of Chapter 2. According to Sec.
12.2.1 and Sec. 12.3.1, the GOR time dt=dx%7 is not only the observed time of the
general observation agent OA(7), but also the observed time in Def. 2.2. However,
generally, dt=dx%# is neither the standard time nor the coordinate time.

The concept of time in Def. 2.2 generalizes Einstein’s concepts of both the
coordinate time and the standard time: no matter the coordinate time or the standard
time is only a special case of the observed time in Def. 2.2. In particular, the
intrinsic time of Def. 2.2 is consistent with or equivalent to Einstein’s standard time,
which is the time of the standard clock static in the free spacetime Se.

However, Einstein did not specify the status and role of observers in the
observation or measurement of time.

Based on the definition of time in Def. 2.2, the concept of time in the theory of
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OR (including IOR and GOR) needs to be linked to observation and observers: in
the observation spacetime X*(7) of an observation agent OA(#), the time dt is the
observed time of the observer O in Def. 2.2; particularly, according to Def. 1.2 of
Chapter 1, the intrinsic time in Def. 2.2 is the objectively real time, which could be
measured or determined only if the standard clock is static in the free spacetime Sk,
or O could employ the idealized observation agent OA...

It is conceivable that the time dt in Def. 10.1 (see Eq. (10.2) or Eq. (12.19)) is
the observed time indicated by the standard clock to the observer O of OA(#).

Then, in terms of the spacetime trajectory of the observed object P (Eq. (12.19)),
the problems are that:

Firstly, what and where the standard clock is;

And secondly, who and where the observer O is.

According to the definition of clock in Def. 2.3, the standard clock is static in
the free spacetime Sg, or vice versa, all periodic signal sources static in the free
spacetime Sg, including P as a matter wave or its intrinsic clock Tp, could be
employed as the standard clock.

The basic task of the observer O is to measure or determine the spacetime
coordinates x# (u=1,2,3,4) of the observed object P, that is,

(i) to determine the specific time t=x%n of P;
(i) to determine the space coordinates x'(t) (i=1,2,3) of P at the specific time t.

As the observational or observed time of the observer O, the measurement of the
GOR time dt=dx% 7 needs to specify the relative relationship between the observer
O of OA(7) and the observed object P.

Observation implies the spacetime transformation: by means of a certain
observation agent OA(n), the observer O transforms the observed object P from the
intrinsic spacetime O, of its own to the observational spacetime Xd(7) of OA(n).
Originally, the observed object P belongs to the intrinsic spacetime O, static in the
free spacetime Sr; P itself or its intrinsic clock Tp is namely the standard clock.
Therefore, the time dt in the definition of the general observation agent OA(7) (Def.
10.1: Eq. (10.2) or Eq.(12.19)) is the observational or observed time of the observer
O of OA(7) and indicated by Tp as the standard clock.

In particular, in gravitational field, observers located at different space
coordinates might have different observed times dt.

So, where is the observer O of the time dt in Def 10.1 (Eq. (10.2) or Eq. (12.19))?

As an observer, O observes the spacetime trajectory of P as shown in Eq. (12.19): at
the specific time t=x%n, P arrives at or is located at the specific space coordinates
x'(t) (i=1,2,3); the corresponding dt must be the observed time rate of P or Tp at the
space coordinates x'(t) (i=1,2,3). Therefore, the observer O should be located at the
space coordinates x'(t) (i=1,2,3): at the specific time t=x%r, the corresponding time
rate dt of spacetime trajectory of P in Eq. (12.19) is the observed time rate dt of the
observer O who is instantaneously located at the same space coordinate X'(t)
(i=1,2,3) as that of the observed object P or T.
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In terms of spatial location, the standard clock Tp is always static relative to P.

Naturally, if O and P are relatively static in the free spacetime Sg at one moment
t=x%17, then the observed time dt=dx%7 (g.=7.v, dx'=0; i=1,2,3) of O is exactly the
standard time; if O and P are relatively static at the specific space coordinates x'(t)
(i=1,2,3) of X*(7) at one moment t=x%7, then the observed time dt=dx%7 (dx'=0;
i=1,2,3) of O is exactly the coordinate time

To sum up, the GOR times, including the standard time and the observed time
are subject to the definition of time in Def. 2.2 of Chapter 2: the standard time of
GOR is consistent with Einstein’s standard time; the coordinate time of GOR is
consistent with Einstein’s coordinate time. Both can be derived from the definition
of the general observation agent OA(#) in Def. 10.1 or from Eq. (12.19), i.e., the
spacetime trajectory of the observed object P.

The Standard Time of GOR: if O and P are relatively static in the free
spacetime Sr, then g,,=7,, and dx'=0 (i=1,2,3), we have:

ds? = g,,, (17)dx“dx” =(dx° (7))’
0 (12.20)
dt(n):dizﬁzdr
n n
where the observed time dt of O is exactly the intrinsic time or the standard time d,
consistent with the concept of the standard time in Einstein’ general relativity.
~ The Coordinate Time of GOR: if O and P are static at the specific coordinates
dx' (i=1,2,3) of the observational spacetime X*(), then dx'=0 (i=1,2,3), we have:

ds? = g,,, (7)dx“dx" =gge (7 )(dx° )?
12.21
dt(7) - dx’  ds 2;(J (12.21)
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where the observed time dt of O is the GOR coordinate time dt(7) of the general
observation agent OA(#), consistent with the concept of the coordinate time in
Einstein’ general relativity: dt(c)=dz/N(1+2x/c?).

The Observed Time of GOR: Even if O and P are instantaneously located at
the identical coordinates dx' (i=1,2,3) of X*d(#), it does not necessarily imply that
they are relatively static; it is the most general situation of the observed time dt of O
that dt=dx%n, obeying Def. 2.2 of Chapter 2. If only considering the case of
orthogonal spacetime, we have:

ds? =g, (17)dx“dx" =gg,dx’dx’ + g, dx'dx"

0 0
dt ()= P =g - dr dr (12.22)
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which involves the case of O in moving relative to P (v is the instantaneous speed of
O relative to P).
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It is worth noting that Eq. (12.22) of the general observation agent OA(7) in the
theory of GOR is isomorphically consistent with Eq. (12.11) of the optical agent
OA(c) in Einstein’s theory of general relativity: dt(c)=dz/N(1+2y/c—v2/c?).

As shown in Egs. (12.20-22), the GOR time, i.e., the observed time of GOR in
Eq. (12.22), generalizes the standard time of GOR and the coordinate time of GOR:
if v=0, then Eq. (12.22) reduces to Eq. (12.21), the observed time dt=dx% 7 of GOR
is namely the coordinate time of GOR; if v=0 and =0, then Eqg. (12.22) reduces to
Eq. (12.20), the observed time dt=dx%7 of GOR is namely the standard time
dr=ds/7n of GOR.

The concept of observed time is the important concept of time in the theory of
OR (including IOR and GOR). The concept of observed time of GOR in Def. 2.2 is
the time of the general observation agent OA(7), suitable for all observation agents,
including the optical observation agent OA(c) and the idealized observation agent
OA... The observed time dt of GOR in Eq. (12.22) is the time observed by the
observer O in the observational spacetime X“d(7) of OA(7). Like in Einstein’s
theory of relativity, the observed time dt in the theory of OR (including IOR and
GOR) also tends to dilate: if v£0 or y+0, then dt>dzr; in the view of observers, the
standard clock goes faster.

In particular, Eq. (12.22) shows that:

(i) Ininertial spacetime (y=0): dt=dz/N(1-v¥ 72)>dx.

This means that, if an observer in moving (v+0) observes the standard clock
static in the free spacetime Sg, then the observed time dt is greater than the standard
time dz. In other words, in the view of inertial observers, the clock static in inertial
spacetime goes faster. This is consistent with the cognition or judgment of Einstein’s
theory of special relativity: the clock in moving goes slower.

(ii) In gravitational spacetime (v=0): dt=dz/\(1+2y/7)>dz.

This means that, if an observer in potential field (y=0) observes the standard
clock static in the free spacetime Sg, then the observed time dt is greater than the
standard time dz. In other words, in the view of observers in potential field or
gravitational field, the clock static at the null potential goes faster. This is consistent
with the cognition or judgment of Einstein’s theory of general relativity: the clock in
potential field or gravitational field goes slower.

However, it is worth noting that, Egs. (12.20-22) shows that such phenomena of
time dilation depend on observation: the observed times of different observation
agents dilate in different degrees; in particular, as n—oo, the observational
spacetime X*d(77) of OA(7) would revert to the Galilean spacetime X*d., in which
the observed time of GOR is exactly the intrinsic time or the standard time, that is,
the objective real time: dt=dz.

There is the corresponding relationship of isomorphic consistency between the
GOR time and Einstein’s time of general relativity. Therefore, Einstein’s standard
time and coordinate time of general relativity could correspondingly be transformed
from the optical observation agent OA(c) to the general observation agent OA(7). In
particular, Einstein’s logic way of general relativity for measuring or determining
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the observational spacetime X*4(c) the optical agent OA(c) could be extended to the
theory of GOR for measuring or determining the observational spacetime Xd(7) of
the general observational agent OA( 7).

12.3.3 The Determination of the Standard Time in GOR

Actually, as stated in Sec. 12.3.2: the GOR time, i.e., dt=dx%7 in Eq. (12.19),
should be the observed time of GOR, dz=ds/# in Eq. (12.20) the standard time of
GOR, and dt=dx%(7\(goo)) in Eq. (12.21) the coordinate time of GOR.

Like the observational spacetime X*¢(c) of Einstein’s general relativity, the GOR
observational spacetime X“d(7) is also gravitational spacetime: different space
coordinates have different gravitational potentials; hence, different space coordinates
have different time rates. Thus, the theory of GOR could not directly employ the
coordinate time dt or the observed time dt of OA(7) to describe or determine the
motion of the observed object P.

So, like Einstein’s theory of general relativity, the theory of GOR also needs the
uniform standard time.

Under the principle of GC, through PGC logic route 1, by directly substituting 7
for c, Einstein’s standard time dz=ds/c could be transformed into the standard time
of GOR: dr=ds/ 7. Alternatively, under the principle of GC, through PGC logic route
2, analogizing or following the logic of Einstein’s general relativity: the standard
clock is static in Sg, g,,=7, and dx'=0 (i=1,2,3), one could derive the objectively
real time d+, i.e., the standard time of GOR, from Eq. (12.19):

ds® =g, (7)dx“dx" =n*dz?
ds (12.23)

n

According to Def. 2.3 in Chapter 2, the clock at rest in the free spacetime Sr is
namely the standard clock.

Suppose that the intrinsic clock Te of the observed object P is originally static in
Sk, then Tp is the standard clock, and the observed time of the observer O in Sg (at
the null potential (y=0)) static relative to Te is the standard time. However, in the
theory of GOR, the observational spacetime X*i(7) of OA(#n) is gravitational
spacetime, and the observer O at any specific space coordinate is located in the
gravitational field (y=0); therefore, the observed time dt of O is not the standard
time dz If P is static at the specific space coordinate x' (i=1,2,3) and O is the
observer static at x' (i=1,2,3), then the observed time dt of O is namely the
coordinate time of O. So, in the theory of GOR, the observed time dt=dx% 7 of the
observation agent OA( ) has to be standardized.

Under the principle of GC, through PGC logic route 2, by analogizing or
following the logic of FEinstein’s general relativity, based on the principle of
equivalence and the invariance of information-wave speeds, the theory of GOR
could transform the observed time dt=dx%n (Eq. (12.19)) of observers in the
observational spacetime X*4(7) of OA(#) into the standard time d .

dr
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Let Do (X'(t) (i=1,2,3)) be the space coordinate of the observed object P at the
specific time t=x%7. The observer O at Do is located at potential y of the
gravitational spacetime Sc=X*d(7), and measures or determines the time in the GOR
gravitational spacetime by means of the observation agent OA(7); as stated above,
the observed time dt of O is not the standard time dz. As depicted in Fig. 12.1(b1),
under the principle of equivalence, one could introduce a locally inertial spacetime
Sy at Do, in which P and O are instantaneously static at Do, so that the invariance of
information-wave speeds holds true.

Like in Einstein’s theory of general relativity, the principle of equivalence
embodies its special value and significance: under the principle of equivalence, the
GOR gravitational spacetime Sg is instantaneously and locally transformed into the
equivalent inertial spacetime S;.

According to Eqg. (12.23), the standard time dr is proportional to the
line-element ds of the observed object P in the observational spacetime X*d(7) of the
observation agent OA(7). As depicted in Fig. 12.1(b1), let Lg be the world line of P
in the gravitational spacetime Sg of OA(#7), and L, be the world line of P in the
equivalent inertial spacetime S;. Reasonably, the standard time in Sg could be
defined as dzg=dsg/7; the standard time in S, can be defined as dzy=ds/#.

Obviously, according to the definition of the standard time dzin Eq. (12.23), the
dz in inertial spacetime S; is exactly the intrinsic time (proper time), i.e. the
objectively real time, dz: dry=dr.

According to differential geometry, the line-element dsc of the curve Lg is equal
to the line-element ds; of the tangent L, to Lg: dsg=ds;. So, it follows that

ds, _ds,
n n

Equation (12.24) is of the important and profound implication: different
observational spacetimes X“d(7) of the general observation agent OA(7), including
Sg and Sy, has the identical standard time, which is exactly the objectively real time,
i.e., the intrinsic time (proper time) dz.

drg = =dr, =dr (12.24)

Under the principle of equivalence, the gravitational spacetime Sg=X“(7)
becomes the inertial spacetime S, locally equivalent Sg, in which the observed object
P and the observer O located at Do (') is instantaneously static in S;: dx'=0 (i=1,2,3).
Therefore, according to Eq. (12.19) and Eqgs. (12.23-24), the standard time dr of
GOR could be determined with the coordinate time dt of GOR:

dr= ds = la /gwdx”dxv

non

_1 Uoo OX° = /g, dt = /1+2—fdt (goo=1+2—f]
n n n

where y is the gravitational potential at the space coordinate Do(x") of X*().

Obviously, the standard time of GOR in Eq. (12.25) is isomorphically consistent
with Einstein’s standard time in Eq. (12.6) of general relativity.

(12.25)
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Equation (12.25) suggests that the standard time is the objectively real time,
could be measured or determined not only by the optical observation agent OA(c),
but also, in theory, by any observation agent OA(7).

It should be pointed out that, in the theory of GOR, the invariance of
information-wave speeds plays an important role in the determination of time.

As stated in Sec. 12.3.2, the coordinate framework of 4d spacetime X“d(7) of the
general observation agent OA(#) is a sort of formalized expression of the invariance
of information-wave speeds, in which the time axis x°=nt implies the invariance of
information-wave speeds. The standard time dz of GOR in Eq. (12.25) is derived
based on the time-element dt=dx% 7 (Eq. (12.19)) and the line-element ds=g,,, dx#dx"
(Eq. (12.19)) of the observed object P in the observational spacetime X“d(7) of the
general observation agent OA(7).

(al) The time measurement of OA(c) (bl) The time measurement of OA(7)

Sy equivalent

Sy: equivalent
inertial spacetime

inertial spacetime

Li: n—ow

Ly: world line e

P (Dy)

Lg: world line

Sg: curved gravitational spacetime Sg: curved gravitational spacetime

(a2) The space measurement of OA(c) (b2) The space measurement of OA(7)

observer O light wave (c) observer O

0
A&’ =V

Information wave (7)

0
A’ = VNS

0 0
NNV dr o L AATAA Y.V, Vol D

light wave (¢) Information wave (7))
(a) Einstein’s optical observation agent: OA(¢)  (b) GOR'’s general observation agent: OA(7)

Figure. 12.1 The Measurement of Observational Spacetimes. (a) The observational spacetime
of Einstein’s general relativity: it employs the optical observation agent OA(C) to measure time
and space; the speed c of light is limited (c<c), and therefore, OA(c) has the observational
locality and the gravitational spacetime looks a litter curved. (b) The observational spacetime of
GOR: it employs the general observation agent OA(7) to measure time and space, the slower the
information-wave speed 7, the more significant the observational locality of OA(7), the more
curved the gravitational spacetime appears to be; under the idealized observation agent OA«, as
n—o0, without observational locality, the gravitational spacetime would revert to flat.

12.3.4 The Determination of the Physical Space in GOR

Under the principle of GC, through PGC logic route 2, by analogizing or
following Einstein’s logic of general relativity, and by means of the principle of
equivalence, the theory of GOR could transform the gravitational spacetime
Se=X*(7) of OA(#) into the equivalent inertial spacetime S, at Do instantaneously
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and locally. Thus, based on the invariance of information-wave speeds, one could
define and determine the physical space distance dl of the gravitational spacetime
Se=X#(n7) of OA(7) with the information-wave speed 7 and the standard time dz in
Eq. (12.25) of GOR theory.

Following the logic of the determination of physical space in Einstein’s general
relativity, as stated in Sec. 12.2.3 and as depicted in Fig. 12.1(b2), let D be a space
point close enough to Do in the observational spacetime Sg=X“d(7); send an
information wave from Do to D and then be reflected from D back to Do. The time
the information wave takes obeys:

o (17) = g, (17) + A (17) (X =rpclt) (12.26)
where the gravitational spacetime Sg is not necessarily isotropic, and therefore, the
time the dx%.: takes is not necessarily equals to the time the dx%ac« takes.

If the spatial displacement from Do to D is dx' (i=1,2,3), then the spatial
displacement from D to Do is —dx' (i=1,2,3). Under the general observation agent
OA(n), the spacetime line-element ds?=0 of informons, and therefore, we have:

0= gy (g

out

)2 + 290idxidxgul + gikdxidxk
0= 0o (06 ) — 205, 0X'dXC, + g, dX X"

\/(gm 9ok ~ Yoo i )dXidxk
Y00

Particularly, according to the principle of equivalence and the principle of
general covariance, the locally inertial spacetime S, at Do must be isotropic, in which
the invariance of information-wave speeds holds true. Therefore, the physical space
distance dl between Do and D can be defined as dl=7dz/2 based on the proper time
dzand the information-wave speed 7.

According to Eq. (12.25), the standard time (proper time) dz=\(goo)dx% 7. Then,
the GOR physical space distance dl could be measured or determined as follows:

di = nd?f = Vo g‘” o = J(_gmgw ~g, jdx‘dxk

00

(12.27)

dXO ('7) = dXt()Jut (77) + dxt?ack (77) =2

(12.28)

Yoo

where yik=yik(7n) (i,k=1,2,3) is the physical space metric in the observational
spacetime X*d(7) of the general observation agent OA(7).

Obviously, the physical space distance of GOR in Eq. (12.28) is isomorphically
consistent with Einstein’s physical space distance in Eq. (19.9) of general relativity.

It should be pointed out that: the spacetime metric g..~g..{c) and the space

metricy=y«(c) in Eq. (12.9) are that of the observational spacetime X*d(c) of the
optical observation agent OA(c), depending on the light speed c; while the

or dI? = Yik (n)dxidxk {%k (77)=M_gik}
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spacetime metric g,,~g,.{7) and the space metricy=y«(#) in Eq. (12.28) are that of
the observational spacetime X“d(7;) of the general observation agent OA(7),
depending on OA(7) and its information-wave speed 7.

12.4 The GOR Factor of Spacetime Transformation

Observation means spacetime transformation: from the objective spacetime to
the subjective spacetime or the observational spacetime.

All matter objects originally belong to the objective spacetime X%, more purely,
belong to the intrinsic spacetime O, or the free spacetime Sr. An observer O
perceives or observes a specific matter object P by means of a specific observation
agent OA(7), which actually means that the observer O is transforming the observed
object P from the objective spacetime X*d, to the subjective or observational
spacetime X*d(7) of OA(7), or more purely, from the intrinsic spacetime O, or the
free spacetime S to observational spacetime X“d(7) of OA(7).

The factors of spacetime transformation in the theory of OR include the IOR
factor and the GOR factor.

As clarified in the 1%t volume of OR: Inertially Observational Relativity
(IOR), the IOR factor is that of inertial spacetime transformation, an extremely
important physical quantity in the theory of IOR, characterizing the relativistic
effects of inertial spacetime and inertial motion. Now, in the 2" volume of OR:
Gravitationally Observational Relativity (GOR), the GOR factor is that of
gravitational spacetime transformation, an extremely important physical quantity in
the theory of GOR, characterizing the relativistic effects of gravitational spacetime
and gravitational interaction.

The factors of spacetime transformation in the theory of OR is defined as the
ratio of the observed time dt in the observational spacetime X“d(7) to the standard
time dzin the intrinsic spacetime O, of the objective spactime X*..: 7"(n)=dt/dz, i.e.,
the ratio of the observed time dt of the observer O to the objectively real time dz.

In the theory of GOR, the GOR spacetime is the observational spacetime X*d(7)
of the general observation agent OA(#), belongs to gravitational spacetime, and
could be set as different gravitational scenes. Suppose P is the observed objects: (i)
P is at rest in gravitational field; (ii) P moves in gravitational scalar-field; or (iii) P
moves in gravitational vector-field. Thus, like Einstein's general relativity, the
theory of GOR also has different forms of spacetime-transformation factor.

Actually, the GOR factor may be referred to as the OR factor of spacetime
transformation, which not only generalizes the factor of spacetime transformation of
Einstein’s general relativity, but also generalizes the IOR factor (including the
Lorentz factor and the Galilean factor), i.e., the OR factor of inertial spacetime
transformation.

12.4.1 The IOR Factor: Inertial Spacetime

As stated in the 15t volume of OR: Inertially Observational Relativity [26-28],
the IOR factor 7"(n,v) is that of inertial-spacetime transformation of the general
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observation agent OA(7), generalizing the Lorentz factor y=1/N(1-v2/c?) of the
optical agent OA(c) and the Galilean factor 7" =1 of the idealized agent OA...

Suppose that the observer O observes the object P by means of a specific
observation agent OA(#): the intrinsic clock Tp of P is the standard clock; O moves
at the inertial speed v relative to P. This implies that the observer O transforms the
observed object P by means of OA(#) from the free spacetime Sk where P is at rest
to the inertial spacetime S;=X4*d(77) where O moves.

In Einstein’s theory of special relativity, the factor of spacetime transformation
is namely the Lorentz factor: y=dt/dz=1/V(1-v/c?), i.e., the factor y=17(c,v) of
inertial spacetime transformation of the optical agent OA(c), characterizing the
inertial relativistic effects of P in the inertial spacetime X*9(c) of OA(c).

Actually, the Lorentz factor y=17"(c,v) is only a special case of the IOR factor.

According to the 1t volume of OR: Inertially Observational Relativity [26-28],
the IOR factor of spacetime transformation is
dt 1
I (nv)= () _ (12.29)
dr \1-v¥/n?
characterizing the inertial relativistic effects of P presenting to the observer O in the
inertial spacetime X*(n) of the general observation agent OA(7).

Originally, the factor /77(7) of spacetime transformation of OA(#7) in Eq. (12.29)
is a logical consequence derived from the most basic logical premise of OR theory
126-28] ‘put it also follows the principle of GC.

Equations (12.29) and (12.10) show that the IOR factor 7°(7,v) in theory of IOR
is isomorphically consistent with the Lorentz factor y=7"(c,v) in Einstein’s theory of
special relativity. This not only reflects the logical validity of the principle of GC,
but also reflects the logical consistency between the theory of IOR and Einstein’s
theory of special relativity.

Actually, under the principle of GC, through PGC logic route 1, by substituting
the information-wave speed 7 for the light speed c, one could directly transform the
Lorentz factor y=1/N(1-v%c?), from the optical agent OA(c) to the general
observation agent OA(7), from Einstein’s theory of special relativity to the theory of
IOR: I"(17)=1N(1~v/7?) in Eq. (12.29); vice versa.

Obviously, under the principle of GC, through PGC logic route 2, by
transforming the invariance of light speed into the invariance of information-wave
speeds and following the logic of Einstein’s special relativity, one could also derive
the IOR factor of inertial spacetime transformation in Eq. (12.29). In particular,
following the PGC logic Route 2 is more helpful for us to understand the factor of
inertial spacetime transformation of the general observation agent OA(#) in the
theory of IOR.

12.4.2 The GOR Factor: Static Field

Suppose that the observer O observes the object P by means of a specific
observation agent OA(n): the intrinsic clock Tp of P is the standard clock; O is
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located at the potential y in the gravitational spacetime Sg=X“d(7), and static
relative to P; Sg is a static field. This implies that the observer O transforms the
observed object P by means of OA(#) from the free spacetime Sk where P is at rest
to the gravitational spacetime Sg=X*(7) where O is located at the potential .

In Einstein’s theory of general relativity, the factor y=dt/dr=1/\(1+2y/c?) of
spacetime transformation is the factor of gravitational spacetime transformation of
the optical agent OA(c), characterizing the gravitational relativistic effects of P
presenting to O in the static gravitational spacetime X“d(c) of the optical agent OA(c)
when P and O are relatively static.

Under the principle of GC, through PGC logic route 1, by substituting the
information-wave speed 7 for the light speed ¢ in y=177(c), one could directly obtain
the GOR factor 7°(7) =dt/dz=1/N(1+2/17) of gravitational spacetime transformation
from Eg. (12.11) in Einstein’s theory of general relativity, characterizing the
gravitational relativistic effects of P presenting to O in the gravitational static
spacetime X*d(n) of the general observation agent OA(7;) when P and O are
relatively static or stationary.

Under the principle of GC, through PGC logic route 2, by transforming the
invariance of light speed into the invariance of information-wave speeds and
following the logic of Einstein’s general relativity, one could also derive the GOR
factor of gravitational spacetime transformation. In particular, following PGC logic
Route 2 is more helpful for us to understand the factor of gravitational spacetime
transformation of the general observation agent OA(#) in the theory of GOR.

Naturally, by following PGC logic route 2, one could also transform the optical
agent OA(c) into the general observation agent OA(7) in Def. 10.1; then, based on
Eg. (12.19), one could derive the GOR factor of gravitational spacetime
transformation when O and P are relatively static (dx'=0 (i=1,2,3)):

PN () I O S
' deds g, (7)dx“dx"  \Gu(n)

— L (a¢ =0 (i=12.3); 0y (1) =1+ 22/7)

N+ 2/7
Obviously, Eg. (12.30) in the theory of GOR is isomorphically consistent with
Eg. (12.11) in Einstein’s general relativity. So, the result from PGC logic route 2 is
exactly the same as that from PGC logic route 1.

12.4.3 The GOR Factor: Scalar Field

Suppose that the observer O observes the object P by means of a specific
observation agent OA(#): the intrinsic clock Te of P is the standard clock; O is
located at the potential y in the gravitational spacetime Sg=X“d(7), and moves at the
speed v relative to P; Sg is a scalar field. This implies that the observer O transforms
the observed object P by means of OA(7) from the free spacetime Sg where P is
static to the gravitational spacetime Sg=X*(7) where O is located at the potential y.

In Einstein’s theory of general relativity, if P and O relatively moves in the

(12.30)
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gravitational scalar spacetime Sg=X*d(c) of the optical agent OA(c), then the factor
of spacetime transformation is y=1/N(1+2y/c2—v2/c?), characterizing the
gravitational relativistic effects of P presenting to O in the gravitational scalar
spacetime Sc=X*!(c) of OA(c) when P and O relatively move.

Under the principle of GC, through PGC logic route 1, by substituting the
information-wave speed 7 for the light speed ¢ in y=177(c), one could directly obtain
the GOR factor 7°(1)=1N(1+2y/2—v?/1?) of gravitational spacetime transformation
from Eg. (12.12) in Einstein’s theory of general relativity, characterizing the
gravitational relativistic effects of P presenting to O in the gravitational scalar
spacetime Sg=X“d(77) of the general observation agent OA(7;) when P and O
relatively move.

Under the principle of GC, through PGC logic route 2, by transforming the
invariance of light speed into the invariance of information-wave speeds and
following the logic of Einstein’s general relativity, one could also derive the GOR
factor of gravitational spacetime transformation when P and O relatively move in
the scalar field Sc= X“d(7) of the general observation agent OA(7).

If the observational spacetime Sc=X*d(7;) of OA(7) is a scalar gravitational field,
then the gravitational vector potential »i=0 (goi=0i0c=0 (i=1,2,3)). According to Eq.
(12.19) of definition 1.1, we have:

dt(n) dx° dx® 1
deds g, (n)dxax J Lg Oat
gOO gik dXo dXO ( . )
(gm =0, =0 (i :1’213))
By contrasting Eq. (12.31) and Egs. (12.27-28), we have:
dt 1
F(U,Z,V)Z d(Z):\/l+2 / 2 Vz/ 2

A 7 (12.32)

(v :%, dl = J[—ggg"k - gideXika = \/W]

00
where v=dl/dt is the speed of O relative to P, dl the physical space distance that P
moves in the observation spacetime X“d( 77) within the time dt.

Obviously, Eq. (12.32) in the theory of GOR is isomorphically consistent with
Eg. (12.12) in Einstein’s general relativity. So, the result from PGC logic route 2 is
exactly the same as that from PGC logic route 1.

12.4.4 The GOR Factor: Vector Field

Perhaps, as Einstein imagined, gravitational field is similar to electromagnetic
field, not only has the scalar potential but also has the vector potential.

Suppose that the observer O observes the object P by means of a specific
observation agent OA(n): the intrinsic clock Tp of P is the standard clock; O is
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located at the potential y in the gravitational spacetime Se=X“d(7), and moves at the
speed v relative to P; Sg is a vector field. This implies that the observer O transforms
the observed object P by means of OA(#) from the free spacetime Sg where P is
static to the gravitational spacetime Sc=X*(7) where O is located at the potential .

In Einstein’s theory of general relativity, if P and O relatively moves in the
gravitational vector spacetime Sc=X*I(c) of the optical agent OA(c), then the factor
of spacetime transformation is y=1/N(((1+2x/c?)Y2—pv'/c)2 —v2/c?), characterizing
the gravitational relativistic effects of P presenting to O in the gravitational vector
spacetime Sg=X*I(c) of OA(c) when P and O relatively move.

Under the principle of GC, through GC logic route 1, by substituting the
information-wave speed 7 for the light speed ¢ in y=177(c), one could directly obtain
the GOR factor 77(7)=1N(((1+2/12)Y2— V'l 17)>—v2/ 72) of gravitational spacetime
transformation from Eg. (12.16) in Einstein’s theory of general relativity,
characterizing the gravitational relativistic effects of P presenting to the observer O
in the gravitational vector spacetime Sg=X*I(7) of the general observation agent
OA(#) when P and O relatively move.

Under the principle of GC, through PGC logic route 2, by transforming the
invariance of light speed into the invariance of information-wave speeds and
following the logic of Einstein’s general relativity, one could also derive the GOR
factor of gravitational-spacetime transformation when P and O relatively move in
the vector field Sg=X*d(7) of the general observation agent OA(7).

Following the definition of the strength of electrostatic field, the field strength g
of any spatial coordinates x' (i=1,2,3) in gravitational field can be defined as:

g=lim AR (AF = Ama)

Am—0
Am (12.33)

2,,i

A LU N R )

where Am is mass, there is no distinction between gravitational mass and inertial
mass according to the principle of equivalence; the gravitational field strength g is
equivalent to the gravitational acceleration a of the point.

Under the principle of GC, Eq. (12.14) in Einstein’s general relativity can
isomorphically and uniformly be transformed into:

_ o, 2z onn) __ %
5= W T a (n(n)— @J (12.34)

where yi=yi(n) (i=1,2,3) is the vector potential of gravitational field under the
general observation agent OA(7), which depends on the information-wave speed 7
of OA(7).

According to Def. 10.1 for the general observation agent OA(#): the observed
time is dt=dx%#, the intrinsic time is dz=ds/7; the observed object P moves in the
observational spacetime X*4(7) of OA(#), and its spacetime trajectory, including the
time-element dt of P and the line-element ds of P, is described by Eq. (12.19).
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Considering the scalar potential » and the vector potential y (i=1,2,3) of the
gravitational field in Eq. (12.34), according to Eq. (12.19), we have:

()= dt(n) _dx’ _ dx’ B dx’
dr  ds \/gw (n)dx”dx" \ 9oo@X°dX° + 2g,,dX°x’ + g, dx'dX"
(12.35)

\/g_ Qoi dx’ g, — 90i Yok dx’ %
© 7 Jay X Mg, ) dx® dx’
By contrasting Eq. (12.25), Eqg. (12.28), and Egs. (12.34-35), we have the

general factor of spacetime transformation in the theory 7"(7) of OR (generalizing
the IOR factor and the GOR factor):

dt
L(nx.7.V)= =

dz 2, V) v (12.36)
2 v v
\/[ 1+}2(_7ij Y
n n n

where 7 is the information-wave speed of OA(7); dt=dx% 7 is the observed time of
the observer O with OA(#), i.e., the time the intrinsic clock Tp of the observed
object P as the standard clock presents to O; dz=ds/# is the intrinsic time (proper
time), i.e., the objectively real time; v=dI/dt is the speed of P relative to O, v'=dx'/dt
(i=1,2,3); y is the Newtonian gravitational potential, i.e., the scalar potential
gravitational field; and yi=yi(77)=—00i/\(goo) (i=1,2,3) is the vector potential of
gravitational field, depending on the observation agent OA(7).

Obviously, Eg. (12.36) in the theory of GOR is isomorphically consistent with
Eq. (12.16) in Einstein’s general relativity. So, the result from PGC logic route 2 is
exactly the same as that from PGC logic route 1. It should be pointed out that the
GOR factor () of spacetime transformation in Eq. (12.36) is that of the general
observation agent OA(r), that is, the most general form of the factor of spacetime
transformation.

Firstly, the OR (both IOR and GOR) factor (Eq. (12.36)) generalizes the factors
of spacetime transformation under different observation agents OA(#), including the
optical agent OA(c) and the idealized agent OA.: as n—c, Eq. (12.36) strictly
reduces to Einstein’s factor of spacetime transformation in Eq. (12.16); as n—, Eq.
(12.36) strictly reduces to the Galilean factor /" (=1).

Secondly, the OR (both IOR and GOR) factor (Eqg. (12.36)) generalizes the
factors of inertial and gravitational spacetime transformations: without gravitational
interaction (=0 and »i=0), Eq. (12.36) strictly reduces to the IOR factor
I'(n)=1N@A-v¥73) (Eq. (12.29)) of inertial spacetime transformation; without
relative movement, Eq. (12.36) strictly reduces to the GOR factor
I'(n7)=1N(1+2x/7?) (Eq. (12.30)) of gravitational spacetime transformation.

In addition, the OR (both IOR and GOR) factor (Eq. (12.36)) generalizes the
factors of gravitational scalar spacetime () vector spacetime (yi (i=1,2,3)). If =0
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(i=1,2,3), then Eq. (12.36) strictly reduces to the GOR factor of scalar spacetime
transformation in Eq. (12.32): 77(17) = 1N(1+2 ] P~V 12).

12.5 All Relativistic Effects are
Observational Effects and Apparent Phenomena

The GOR factor of spacetime transformation has important implications, giving
us new insights different from Einstein’s theory of general relativity.

In Einstein’s theory of relativity, the speed ¢ of light in vacuum is a cosmic
constant and the ultimate speed of the universe, which is invariant and could not be
exceeded. Therefore, according to Eq. (12.12): y=1/\(1+ 2y/c2-v?c?), in Einstein’s
theory of general relativistic, the factor y=y(v, y) of spacetime transformation does
not seem to depend on the light speed c, but depends on the speed v of matter motion
and the Newtonian gravitational potential y: y>7.=1 only if v=0 or y=0; at this
moment, the observed object P presents relativistic phenomena. On these grounds,
Einstein believed that, the mainstream school of physics also believes that,
relativistic effects are the essential characteristics of spacetime and matter motion,
and the root lies in matter motion (Jv|>0) and the interactions between matter and
matter (|y[>0).

According to the IOR factor, i.e., the OR factor of inertial spacetime
transformation, the 1t volume of OR: Inertially Observational Relativity has
clarified that all inertial relativistic effects, including the invariance of light speed,
are observational effects or apparent phenomena [?6-281. The GOR factor, i.e., the OR
factor of gravitational spacetime transformation will further clarify that all
relativistic phenomena, including the inertial and the gravitational, are observational
effects and apparent phenomena.

12.5.1 The Root and Essence of Relativistic Phenomena

Relativistic effects or phenomena, no matter inertial or gravitational, are not the
essential characteristics of the physical world.

According to the spacetime theory of GOR, relativistic effects are not as claimed
by Einstein and the mainstream school of physics: the root lies in matter motion
(Iv|>0) or matter interactions (y[>0).

Actually, the spacetime-transformation factor y=y(c) in Einstein’s theory of
general relativity only characterizes the relativistic effects of the optical agent OA(c).
It is the spacetime-transformation factor of the optical observation agent OA(c), and
only a special case of the spacetime-transformation factor 7"=7"(7) of the general
observation agent OA(7), i.e., the special case of the OR factor of spacetime
transformation, does not suggests that the relativistic effects or phenomena depend
on matter motion (Jv|>0) or matter interactions (|y|>0).

The theory of OR has clarified that the root and essence of inertial relativistic
phenomena lie in the observational locality of observation agents 26281, Now, the
theory of GOR will further clarify that the root and essence of gravitational
relativistic phenomena also lie in the observational locality of observation agents.
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Different Observation Agents
Present Different Degrees of Relativistic Effects.

The theory of GOR suggests that different observation agents present different
degrees of relativistic effects.

According to Eq. (12.32): 7'=1N(1+2/7—v? 1), the GOR factor I'=7"(1) of
spacetime transformation depends on the observation agent OA(7). A specific
observation agent OA(7) has the specific observation medium and the specific
information-wave speed #; correspondingly, the GOR factor 7"'=7"(n) has the
specific value, representing specific degree of relativistic effects.

Suppose there are observation agents OA(71) and OA(772) (72> ). Given v and
7, the spacetime-transformation factors of OA(#:) and OA(r72) have different values:
I'(m)>I(72)>T-=1. So, in the observational spacetimes X*d(z) of different
observation agents OA(#), the identical matter motion (v) or the identical matter
interaction (y) presents different degrees of relativistic effects: the lower the
information-wave speed 7, the more significant the relativistic effects.

This suggests that relativistic effects depend on observation, depends on
observations agents, depends on observation media, and depends on the speed at
which the observed information is transmitted by observation media. Therefore, the
so-called relativistic phenomena are only the observationally relativistic effect
presented by observation agents, i.e., observational effects.

There is no Relativistic Phenomena in the Objectively Real Spacetime.

In particularly, as 7—o0, X*d(77)—>X*d.: the observational spacetime X*i(7) of
observation agent OA(#) would revert to the Galilean spacetime, i.e., the objective
real spacetime; 7'(n)=I,=1: the GOR factor 7°(7) of spacetime transformation
would revert to the Galilean factor 7.

So, there is no relativistic phenomena in the objectively real spacetime.
The GOR factor of spacetime transformation in Eq. (12.32) shows that

(i) v¥ =0 as n—oo: in the objectively real spacetime X*?.,, matter motions (V)

do not present relativistic phenomena;

(ii) y/mP—0 as p—oo: in the objectively real spacetime X%, matter interactions

() also do not present relativistic phenomena;

So, as far as the objective and real physical world is concerned, spacetime and
matter motion have no relativistic effects or relativistic phenomena.

This suggests that the so-called relativistic effects or relativistic phenomena are
not objectively physical reality, but observational effects and apparent phenomena,
the root and essence of which lie in the observational locality: the information-wave
speed 77 (<o0) of a realistic observation agent must be finite or limited.

We should realize that although light is extremely fast, the speed of light is still
finite: c<oo, and so the optical agent OA(c) still has the observation locality of its

own. It is the observational locality (c<w) of the optical agent OA(c) to be the
making of Einstein’s theory of relativity, including the special and the general.
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Observed Information is Both Objective and Apparent.

As stated in Sec. 7.2.3 of Chapter 7, in a sense, the observational or observed
physical quantities are both objective and apparent.

Our observations, characterized by the OR factor 77(7) of spacetime
transformation, not only contain the objectively real information about spacetime
and matter motion, which is characterized by the Galileo factor /=, but also include
the observational effects or apparent phenomena rooted from the observational
locality of observation agent OA(#7), which are characterized by the
observational-effect AT (7)=1"(7n)—1 .

So, our observations are not completely objective or real.

In the theory of OR, according to Eq. (7.2), the IOR factor 7°(77)=1N(1—v2/17)
of spacetime transformation can be decomposed into the Galilean factor /=1 and
the observational-effect factor A7"(7) by Taylor series expansion: I"(n)=I"w+AI' (7).
This suggests that the observation of inertial spacetime by a realistic observation
agent OA(n) not only contains objectively real information (7°) about inertial
motion, but also contains the observational effects or apparent phenomena (AZ7(7))
rooted from the observational locality (7<) of the observation agent OA(7).

Likewise, in the theory of GOR, the GOR factor 77(7)=1N(1+2x/7?) of
spacetime transformation can be decomposed into the Galilean factor 7. and the
observational-effect factor A7"(7) by Taylor series expansion:

I'(n)=I,+AI(n)
r,=lmr(n)=1 (12.37)
la 13a° 1.354°
A ()=

=24 2" 4 (a=-2
2w 2ay 2aey T (@72

where, a=-2y>0 and A71(7)>0.

Like the IOR observational-effect factor A7(7n) in Eq. (7.2), the GOR
observational-effect factor A7 (n) in Eq. (12.37) represents relativistic effects, purely
belonging to observational effects or apparent phenomena, rather than the
objectively physical reality; only the Galilean factor 7"..=1, as stated in the theory of
IOR, represents the objectively physical reality.

Like the IOR factor I"(7n)=I"»+AI(7) of spacetime transformation in Eq. (7.2),
the GOR factor I'(n)=I"»+AI'(n) of spacetime transformation in Eq. (12.37)
suggests that the observation of gravitational spacetime by a realistic observation
agent OA(#) not only contains objectively real information (7”.) about gravitational
interaction, but also contains the observational effects or apparent phenomena
(A(7n)) rooted from the observational locality (r7<w) of the observation agent
OA(7).

12.5.2 Could Spacetime Really be Curved?
Spacetime could never be curved.
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In fact, spacetime curvature is a relativistic phenomenon, a gravitational
relativistic effect. Like all relativistic effects, spacetime curvature is also an
observation effect or an apparent phenomenon, and the root and essence also lie in
the observational locality (7<) of observation agent OA(7).

As stated in Sec. 12.1.2, gravity, like electromagnetic force, weak force and
strong force, is one of the most basic interactions between matter and matter, and is
a kind of force, rather than the geometric effect of spacetime curvature. It could be
regarded as a formalization method for describing gravitational interaction to
geometrize gravitational effects or to make gravitational spacetime equivalent to
curved spacetime.

However, spacetime is not really curved.

We are not sure whether Einstein really thought that gravitational spacetime was
curved, or Einstein’s theory of general relativity needed curved spacetime.
According to Einstein’s theory of general relativity [, the accumulation of matter
and energy makes spacetime curved, so that the earth moves around the sun in the
curved spacetime of the sun. However, we wonder how the sun moves in the curved
spacetime of the earth? Perhaps, we could imagine how space is curved; however, in
any case, we could not imagine how time is curved.

Now, the theory of GOR tell us that the so-called spacetime curvature in
Einstein’s general relativity is not due to the accumulation of matter and energy, but
a kind of observational effects, rooted from the observational locality (c<oo) of the
optical agent OA(c), just as what we observe or photograph through wide-angle
lenses, that is, the effect of wide-angle lenses.

The IOR factor 7"(7)=1/(1-v¥ %) of spacetime transformation represents the
inertial observational spacetime X*d(7) of the general observation agent OA(7), in
which the spacetime metric g, is Minkowski metric: 7,,=diag(+1,-1,-1,-1).
Obviously, 7, does not depend on the coordinates x* («=1,2,3,4) of inertial space-
time and the information-wave speeds 7, and therefore, the inertial spacetime X*d(#)
of IOR is flat, not curved.

The GOR factor 7'=1/N(1+2y/ 17—V 17) of spacetime transformation represents
the gravitational observational spacetime X“d(7) of the general observation agent
OA(7), in which the spacetime metric g, depend on the coordinates x* («=1,2,3,4)
of gravitational spacetime and the information-wave speeds #, and therefore, the
gravitational spacetime X*d(7) of GOR appears to be a little curved. It is worth
noting that whether spacetime is curved and to what extent spacetime is curved do
not really depend on the gravitational potential y, but depends on the observation
agent OA(7), depends on the information-wave speeds 7.

According to the GOR factor 7'(n)=1N(1+2y/17P—v¥ %) of spacetime
transformation, the observational spacetimes of different observation agents presents
different degrees of curvature: the slower the information-wave speed 7 of OA(7),
the more curved the observational spacetime X*d(7) of OA(7) appears to be;
conversely, the more flat. In particularly, if n—o0, then |y|/—0, AI(17)—0,
I'(n)—>I%=1, and X*(n)—>X%,: the observational spacetime X“!(7;) of the
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observation agent OA(7) would revert to the Galilean spacetime X“d which is
objectively real, and flat, rather than curved.

It is thus clear that the objectively real spacetime could never be curved.

The so-called spacetime curvature is essentially an observation effect. Like all
relativistic effects, the root of spacetime curvature lies in the observational locality
(<) of observation agent OA(r7). Under the idealized observation agent OA.,, the
observational spacetime would present the really natural face of its own.

12.5.3 Is There Really the Vector Potential
in Gravitational Field?

The gravitational field is not a vector field, and there is no gravitational vector
potential in gravitational spacetime.

As stated in Sec. 12.4.4, by following Einstein’s logic of general relativity, the
theory of GOR could also deduce the factor of spacetime transformation containing
the vector potential y=—goi/\(goo) (i=1,2,3), which is the spacetime-transformation
factor of the general observation agent: 77(n) =1N(((1+2x/ 2)Y2—yiv' n)? —~v2I 7).

If there is really the vector potential 7i=—goi/(goo) (i=1,2,3) in gravitational
field, then it must be that Jie (1,2,3) goi#0. According to Eq. (12.28), the space
metric yik= goiJok/Joo—ik (i,k=1,2,3) must depend on the time axis x° of X4d(7). This
implies that the time axis x° and the space axes x' (i €(1,2,3)) of the observational
spacetime X“d(7) of the general observation agent OA(7;) might be non-orthogonal:
time and space might be interdependent.

Conversely, if there is no vector potential in gravitational field, then it must be
that goi=0 (i=(1,2,3)). According to Eq. (12.28), the space metric yik=—gik (i,k=1,2,3)
must be independent of the time axis x° of X*d(7). This implies that the time axis x°
and the space axes x' (ie(1,2,3)) of the observational spacetime X“*d(7) of the
general observation agent OA(7) are orthogonal: time and space must be
independent of each other.

Therefore, in the spacetime theory of GOR, there also exists the problem of
whether spacetime is orthogonal or whether space and time is orthogonal.

Originally, whether space and time are orthogonal is a philosophical problem.

As stated in Sec. 1.5 of Chapter 1 in the 1% volume of OR: Inertially
Observational Relativity, Galileo and Newton held the absolutist view of
spacetime [3+571: space and time are independent of each other; time flows silently,
space exists immutably. This implies that spacetime is originally orthogonal, or
space and time are originally orthogonal.

However, if as Einstein imagined, there is not only the scalar potential y but
also the vector potential = —goi/N(goo) (i=1,2,3) in gravitational spacetime, then
the space and time of gravitational spacetime may be non-orthogonal. This would be
consistent with Mach and Einstein’s relativist view of spacetime [58-61: space is time,
time is space; space and time are interdependent, and under certain conditions could
be transformed into each other.

It is said that the vector potential of gravitational field has indeed been observed

73



experimentally. However, according to the theory of GOR, the so-called
gravitational vector potential does not exist objectively. If the vector potential is
present in observation, it could only be an observational effect or an apparent
phenomenon under a specific observation agent.

The scalar potential y of gravitational field in the GOR factor of spacetime
transformation (Eq. (12.36)( is the Newtonian gravitational potential, which is
objectively real and the intrinsic physical quantity. There is no doubt that Newton’s
gravitational potential is objective existence: no matter whether we observe or not,
all matter on the earth’s surface must be affected by it.

However, the gravitational vector potential yi=(7) in the GOR factor of
spacetime transformation (Eq. (12.36)) depends on the observation agent OA(7):
different observation agents has different gravitational vector potentials. According
to Eq. (12.36): if n—oo, then I'(n)—>7I%=1 and X%(7n)—>X%,, that is, the
observational spacetime X“*d(7) of OA(n) would revert to the Galilean spacetime
X4, From this, we could presume that, and the next chapter will prove that,
() —>nu as n—oo. In other words, the metric tensor g, of the Galilean
spacetime is exactly the metric tensor 7., of Minkowski spacetime. This suggests
that if 7—o0, then goi=gio=0 and »;=0 (i=1,2,3), in which there are two important
implications:

(i) The objectively gravitational field has no gravitational vector potential;

(i) Space and time are originally orthogonal and independent of each other.

So, according to the spacetime theory of GOR, the objective and real
gravitational field is the gravitational scalar field that Newton described for us; the
gravitational vector field that Einstein imagined is not the objectively real existence.
Space and time are absolute, orthogonal, and independent of each other, which
conforms to the absolutist spacetime view of Galileo and Newton, rather than to the
relativist spacetime view of Mach and Einstein.

12.5.4 The ldealized Observation Agent
and Superluminal Observational Agents

The theory of GOR suggests that Newton’s theory of gravitation and Einstein’s
theory of gravitation belong to different observation systems: Einstein’s theory of
general relativity is the product of the optical observation system, serving the optical
observation agent OA(7), what it presents to us is only the optical image of
gravitational spacetime, rather than the objective and real gravitational world;
Newton’s theory of universal gravitation is the product of the idealized observation
system, serving the idealized observation agent OA., what it presents to us is the
objective and real gravitational world.

According to the GOR factor 77(7) of spacetime transformation, if we had the
idealized observation agent OA., to observe spacetime and matter motion, then all
relativistic phenomena or relativistic effects of spacetime and matter motion would
disappear: 7—00, AI(7)—0, I(17)—>I»=1, and X*(r) —>X4*,. Then, the spacetime
in our observations, no matter inertial or gravitational, would be the objective and
real face of the physical world.
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However, there is no the idealized observation agent OA.. in the natural world.

According to the theory of OR, according to the principle of physical
observability, all realistic observation agents OA(7) have the observational locality
(1<) of its own, and the natural landscapes the OA(7) present to us is always only
an image of the objective world, and could never be equal to the objective and real
physical world.

Limited by the current level of science and technology, most of our observations
and experiments rely on the optical observation agent OA(c). This is the reason why
Einstein’s theory of relativity, including the special and the general, is supported by
most observations and experiments. In fact, those observations or experiments are
not so much support for Einstein’s theory of relativity as support for the theory of
observational relativity (OR). Naturally, those observations and experiments have
tested and verified the theory of OR (including IOR and GOR) under the case of the
optical observation agent OA(c).

Of course, the optical observation agent OA(c) or the observational locality
(c<w0) of OA(#) is not necessarily be the observational barrier that human could not
surpass 52581, According to the theory of OR [2628] the invariance of light speed is
only an observational effect when light acts as the observation medium; the speed of
light is not really invariant or really cannot be exceeded. With the progress of
science and technology, human beings will discover and even invent superluminal
matter motion. Actually, more and more experiments on quantum entanglement
have shown superluminal phenomena [*3-136] Such spooky action at a distance
seems to be more and more strongly challenging Einstein’s concept of locality that
takes the speed of light as the limit of matter motion.

It can be imagined that mankind will master the superluminal observation agents
in the future 153, so that we can observe a more real natural world. Then, we will
observe the natural landscapes different from that presented to us by the optical
observation agent, and observe the gravitational deflection, the gravitational
redshift, and the Mercury precession different from that predicted by Einstein’s
theory of general relativity. At that time, Superluminal astronomy, such as
gravitational wave astronomy [ will replace traditional optical astronomy,
including radio astronomy.
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13 Cartesian Spacetime
and Idealized Convergence

Logically, as the theoretical systems of physics describing gravitational
interaction in the identical physical world, Einstein’s theory of general relativity and
Newton’s theory of universal gravitation should have the intrinsic corresponding
relationship and the logical consistency.

According to the factor of spacetime transformation in his general relativity,
Einstein conceived that: jus as the Lorentz transformation of special relativity is
approximately corresponding to the Galilean transformation at slower speed, the
field equation of general relativity should be approximately corresponding to
Newton’s law of universal gravitation in the form of Poisson’s equation in weaker
field. In Einstein’s theory of general relativity, the weak-field approximation is not
only an important concept but also a kind of logical skill, and plays an important
role in the establishment of Einstein’s theory of general relativity.

Originally, under the principle of general correspondence (GC), by analogizing
or following Einstein’s the logic of weak-field approximation, no matter through
PGC logic Route 1 or PGC logic Route 2, the theory of GOR could extend
Einstein’s theory of general relativity from the optical agent OA(c) to the general
observation agent OA(7), and could derive the GOR field equation, that is, the
gravitational-field equation of GOR theory, which must be isomorphically consistent
with the Einstein field equation.

However, under the principle of GC, both PGC logic route 1 and PGC logic
route 2 are logical shortcuts; there must be a price to be paid for taking shortcuts. If
the deduction of GOR theory completely relies on the principle of GC, then we
might fail to understand the root and essence of gravitational relativistic phenomena.

Newton’s law of universal gravitation belongs to the idealized agent OA..; while
Einstein’s field equation belongs to the optical agent OA(c). There is no the direct
corresponding relationship between the Einstein’s and the Newton’s. So, Einstein
could only correspond his field equation approximately to Newton’s law of
universal gravitation by the weak-field approximation. The theory of GOR belongs
to the general observation agent OA(7). So, we could correspond the GOR field
equation strictly to Newton’s law of universal gravitation by the idealized
convergence, that is, by the idealized agent OA.: n—o. Therefore, the derivation
and calibration of the gravitational-field equation of GOR theory need the idealized
convergence under the idealized agent, rather than the weak-field approximation.

This chapter attempts to clarify the logical thought of the idealized convergence
of GOR theory. At the same time, an important theorem will be proved in this
chapter: so-called the theorem of Galilean spacetime.

13.1 Einstein’s Logic of Weak-Field Approximation

Before discussing the logical way of idealized convergence in the theory of
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GOR, we first need to discuss and analyze the logical thought of Einstein’s
weak-field approximation.

By analogizing Einstein’s weak-field approximation, we will clarify the logical
thought of the idealized convergence of GOR theory.

13.1.1 The Logical Thought of Weak-Field Approximation

In Einstein’s theory of general relativity, the so-called weak-field approximation
means that, if the strength g of gravitational field (Eq. (12.13)) is weak enough, then
Einstein’s field equation approximates Newton’s law of universal gravitation.

Newton’s gravitational spacetime is flat; while the gravitational spacetime of
Einstein’s general relativity is curved. Einstein conceived that: if gravitational field
is weak enough, that is, has a much weaker potential, then the curved gravitational
spacetime must be approximately flat. In this way, Einstein’s theory of general
relativity could be linked or corresponded to Newton’s law of universal gravitation.

The basic idea of Einstein’s weak-field approximation originated from
Einstein’s understanding on the root and essence of relativistic effects. In Einstein’s
view, relativistic phenomena, no matter the inertial effects or the gravitational
effects, are the essential characteristics of matter motion and matter interactions.
Einstein’s weak-field approximation in general relativity could be analogized with
Einstein’s slow-speed approximation in special relativity. Or, more precisely, the
logic of Einstein’s weak-field approximation is stemmed from the idea of Einstein’s
slow-speed approximation.

The speed ¢ of light is a cosmic constant, and naturally, is invariant.

Therefore, in Einstein’s theory of special relativity, the factor y=1/N(1-v2/c?) of
inertial spacetime transformation only depends on the movement speed v of matter:
the greater the |v/|, the greater the inertial factor y=y(v), and the more significant the
inertial relativistic effects. Accordingly, Einstein believed that, and the mainstream
school of physic also believe that, the root and essence of inertial relativistic effects
lie in the motions of matter. In the case of slower speed (|v|<<c), the Lorentz factor y
approximates the Galilean factor 7. y=1/(1-v¥c?)=1=l"; the Lorentz
transformation approximates the Galilean transformation. Thus, Einstein believed
that, the mainstream school of physic also believe that, the Lorentz transformation
and the Galilean transformation, as well as, Einstein’s special relativity and
Newton’s classical mechanics, have the corresponding relationship of slow-speed
approximation. Moreover, the mainstream school of physics believe that the Lorentz
transformation is better, while the Galilean transformation is only an approximation,
that is, approximately true only in the case of slower speeds.

Similarly, in Einstein’s theory of general relativity, due to the speed c of light is
invariant; the factor y=1/N(1+2y/c?) of gravitational spacetime transformation
depends on the gravitational potential y: the greater the |y|, the greater the
gravitational factor y=y(y), and the more significant the gravitational relativistic
effects. Accordingly, Einstein believed that, the mainstream school of physic also
believe that, the root and essence of gravitational relativistic effects lie in the
interactions of matter. In the case of weaker field (|y|<<c?), the gravitational factor y
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also approximates the Galilean factor /.. y=1/(1+2y/c?)~1=I"; gravitational
spacetime is approximately flat. Thus, Einstein believed that, Einstein’s field
equation and Newton’s law of universal gravitation are approximate in the form of
Poisson’s equation; Einstein’s theory of general relativity and Newton’s theory of
universal gravitation have the logical consistency in weaker gravitational fields, that
is, have the corresponding relationship of weak-field approximation. Moreover, the
mainstream school of physics believe that Einstein’s theory of general relativity is a
better theory of gravity; while Newton’s theory of universal gravitation is only an
approximation, that is, approximately true only in the case of weaker fields.

It is worth noting that, no matter the slow-speed approximation or the weak-field
approximation, the factor y of spacetime transformation is required to approximate
the Galilean factor /... The Galilean factor 7..=1 represents the Cartesian spacetime
that is flat, in which the observed time dt is namely the intrinsic time dz: dt=dz, and
the spacetime metric g, is the Minkowski metric: 7,,=diag(+1,-1,-1,-1). (we will
specially discuss the problem of Cartesian spacetime in Sec. 13.2.)

Under the conditions of the weak-field approximation: y~/ .. This implies that a
weak gravitational field is approximately flat, in which Newton’s theory of universal
gravitation is approximately true. Thus, by making use of the weak-field
approximation, Einstein’s theory of general relativity could approximately be
reduced to Newton’s theory of universal gravitation, and Einstein’s field equation
could approximately be reduced to Newton’s law of universal gravitational equation.
In this way, the coefficient of Einstein field equation could be calibrated.

13.1.2 The Spacetime Metric of Weak Gravitational Fields

Generally, as stated in Sec. 12.4 of chapter 12, the factor y of spacetime
transformation in Einstein’s general relativity is related the movement speed v of
matter as well as the scalar potential y and vector potential » (i=1,2,3) of
gravitational spacetime: y=y(v, z, 7i).

According to Eq. (12.16) of Einstein’s theory of general relativity,

the factor of spacetime transformation is (v, 7.7, ) =

To make the curved gravitational spacetime approximate the flat Cartesian
spacetime: y~I.=1, in addition to the assumption: (i) the weak field (|y|<<c?), it
also needs: (ii) the slow speed (Jv|<<c), and moreover, it often needs: (iii) the
spacetime orthogonality (goi=0 (i=1,2,3)). Actually, the spacetime orthogonality
0oi=0 means the gravitational vector potential =0 (i=1,2,3).

As a matter of fact, the weak-field approximation is a linearization method
designed by Einstein specifically for his theory of general relativity.

The gravitational spacetime in Einstein’s theory of general relativity is curved
or nonlinear: y>I; In the case of the slow-speed and weak-field, y~I, the
gravitational spacetime tends to be flat or linear, and the gravitational spacetime
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metric g, approximates the Minkowski metric: g, (x4 c)=n~=diag(+1,-1,-1,-1).

According to the factor y of spacetime transformation in Einstein’s theory of
general relativity, in order to achieve g..(X%c)~n., it is necessary to create the
scenarios of slow-speed and weak-field. If |y|<<c? and |yiv'|<<c, then the
gravitational spacetime metric g, (x% c) could be linearized as:

l7|< ¢ and [pv]<c:

9,.(x“.c)=n,, +h,, (x*.c) (|hW )

where h,, and its derivative of each order are infinitesimal; 7,, can be called the flat
gauge, while h,, can be called the curved gauge.

Equation (13.1) is the weak-field metric of Einstein’s general relativity, that is,
the metric of a weak gravitational field, and is the core relationship of Einstein’s
logical way or weak-field approximation. The weak-field metric in Eq. (13.1) is a
linearized equation of the gravitational spacetime metric g, in Einstein’s general
relativity, which is the result of the linearization of the weak-field approximation or
the formalized expression of the weak-field approximation.

It is worth noting that, according to Einstein’s logic of weak-field approximation:
|h.v|<<|n.| in a weak gravitational field; g,.,=7,. and h,,=0 if without gravitational
field. So, Einstein believed that the curved gauge h,, in Eqg. (13.1) represented the
weak gravitational potential, was the gravitational radiation or the gravitational
wave, which had laid the groundwork for Einstein to deduce the gravitational wave
equation, and later to make the prediction of gravitational wave.

The theory of gravitationally observational relativity (GOR), or the theory of
GOR, will clarify that the curved gauge h,, in Eqg. (13.1) does not represent
gravitational radiation, let alone the so-called gravitational wave.

13.1.3 The Conditions of Weak-Field Approximation

Einstein tried to make use of the logical way of weak-field approximation to
approximately correspond Einstein’s gravitational-field equation in general relativity
to Newton’s law of universal gravitation in the form of Poisson equation, so that he
could calibrated the coefficient of Einstein field equation.

Actually, the conditions involved in the weak-field approximation are not only
the weak field, the slow speed, and the spacetime orthogonality. The calibration of
the Einstein field-equation coefficient involves several linearized assumptions
related to the logic of the weak-field approximation.

Einstein’s approach of weak-field approximation has five assumptions.

(i) The weak field

The spacetime is flat: g, =7, if Newtonian potential y=0. Thus, the spacetime
of a weak gravitational field (|y|<<c?) is approximately flat, and it follows that:

)

(13.1)

< |;7W

G =T+ (] <[,

(ii) The slow speed
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The speed v of the observed object P relative to the observer O is much slower
than the speed c of light: |v|<<c, or

|v‘|= ax <<ﬁ=c (i =123 x° =ct)
dt dt

(iii) The static field
The metric g, or the curved metric h,, does not change over time, that is,

o9, 09, oh, 0g.
a/l,():g_oﬂ: gﬂ:o or ha/m:_g: gﬂ:o
OX cot OX cot
(a, #=0,1,2,3)

In Einstein’s theory of general relativity, the condition of static field is
approximate, only requiring that the metric g, or h,, does not change significantly
with time t. Moreover, it is worth noting that the condition of static field does not
mean ﬁhaﬂ/ﬁtzo, but hﬂv,ozahaﬁlaxozo.

(iv) The spacetime orthogonality

The time axis x° is orthogonal to the space axes x' (i=1,2,3), that is,

Gio = Qoi =0 (i :1'2’3)
It is noteworthy that the condition of spacetime orthogonality seems redundant.

On the one hand, as stated in Sec. 12.5.3 of Chapter 12, the objectively real
spacetime is the Cartesian spacetime X%, and its time axis x° and space axes X'
(i=1,2,3) are originally orthogonal. Later, the theorem of Cartesian spacetime will
prove that. On the other hand, under the condition of weak field, i is naturally a
weak potential: yi~0, and the spacetime tends to be orthogonal: goi~0. Combining
the condition of slow speed, the gravitational vector potential in the factor y of
spacetime transformation is naturally subject to |yiv'|<<c.

(v) The harmonic coordinates
1 0
9 = Ty WE997) =0 (u=0a23)

where g=det(g,.) is the determinant of the spacetime metric g,.; in particular, the
extreme case of harmonic coordinates is \V(—g) =1 or g,n=77,.

The theory of OR will clarify that, no matter the theory of GOR or Einstein’s
theory of general relativity, the logic deduction of gravitational-field equation,
including linearization, does not need the weak-field approximation or the logical
way of weak-field approximation.

Actually, the corresponding relationship between the theory of GOR and
Newton’s theory of universal gravitation is not that of the weak-field approximation,
but the corresponding relationship between the general observation agent OA(7) and
the idealized observation agent OA...

Therefore, the theory of GOR does not need to be approximately corresponded
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to Newton’s theory of universal gravitation through the weak-field approximation.
Instead, the theory of GOR will be strictly corresponded to Newton’s theory of
universal gravitation through the idealized convergence (r7—), that is, the GOR
logical wave of the idealized observation agent OA...

The theory of GOR will clarify that the conditions of the weak-field
approximation in Einstein’s theory of general relativity, including the weak field,
slow speed, static field, spacetime orthogonality, and harmonic coordinates, could be
satisfied by the idealized convergence or the logical way of the idealized agent OA..:
as the information-wave speed 7—oo of the general observation agent OA(7), all the
conditions of Einstein’s weak-field approximation would hold true.

13.1.4 Newton’s Gravitational Scene

Einstein’s weak-field approximation is the approximation between Einstein’s
field equation and Newton’s law of universal gravitation in the form of Poisson
equation %51 under the conditions of weak-field approximation.

Naturally, in order for Einstein’s field equation to be correspond to Newton’s
law of universal gravitation in the form of Poisson equation, the gravitational-field
equation should set up the same scene of gravitational interaction as Newton’s law
of universal gravitation.

Here, the so-called Newton’s gravitational scene is that set up by Newton in his
law of universal gravitation: in the flat gravitational spacetime, there are quietly two
particles M and m at a distance of r, M is the gravitational source and center of
gravity (forming a spherically symmetric gravitational-field), and m (with the matter
density p) is the object affected by gravity. Let m be located at gravitational
potential y, according to Newton’s law of universal gravitation: y=—GM/r. Without
loss of generality, let M be located at the origin of the space coordinate of
gravitational spacetime, then the gravitational potential is the same or equal
everywhere on the surface of the sphere with the same radius r.

It should be pointed out that Newton’s gravitational scene does not mean that
Newton’s gravitational field must be a weak field: the masses of both M and m
could be arbitrarily large, and could even be conceived as black holes with huge
mass or gravity. In this regard, Einstein’s theory of general relativity and Newton’s
theory of universal gravitation do not necessarily have the corresponding
relationship of so-called weak-field approximation.

Actually, whether Newton’s gravitational scene is a weak gravitational field or
not, the Cartesian spacetime is flat. In order to correspond his theory of general
relativity to Newton’s theory of universal gravitation, Einstein must flatten the
gravitational spacetime in his theory of general relativity. However, as far as
Einstein’s gravitational spacetime is corresponded to Newton’s gravitational
spacetime, restricted by the optical observation, the logical way Einstein could make
use of was only the weak-field approximation: as y=~0 or r=co, the metric g,.(xc)
of the observational spacetime X*(c) in Einstein’s theory of general relativity could
approximate the Minkowski metric 7,y guv(X% C)=n .. In this way, X4(c) could be
approximately flat.
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However, the theory of GOR does not need the logical way of weak-field
approximation. The logical way of GOR theory is the idealized convergence, i.e.,
the logic of the idealized agent OA.: as n—, the metric g,.(x%c) of the GOR
observational spacetime X*d(n) in the theory of GOR strictly converges to the
Minkowski metric 77, 9. (X% €)= 77 4.

In this way, X*4(7) would naturally be flat.

According to the conditions of weak-field approximation in Sec. 13.1.3, the five
assumptions, including the weak field, slow speed, static field, spacetime
orthogonality, and harmonic coordinates, naturally hold true in Newton’s
gravitational scene:

(i) The weak field: spacetime is flat in Newton’s gravitational scene, naturally,
9= vy (|7uv[>>[0,|=0);

(ii) The slow speed: M and m are relatively stationary in Newton’s gravitational
scene;

(iii) The static field: the gravitational potential y does not change over time in
Newton’s gravitational scene;

(iv) The spacetime orthogonality: g,.=n,., naturally, goi=gio=0;
(v) The harmonic coordinates: g,,=7., naturally, Ox#=0.

Perhaps, it was by reference to Newton’s gravitational scene that Einstein set up
the conditions of weak-field approximation for his theory of general theory. On the
contrary, when we set the gravitational scene for Einstein field equation by reference
to Newton’s gravitational scene, the Einstein’s conditions of weak-field
approximation naturally hold true.

The question left to us by Newton’s gravitational scene is that:

Is Newton’s gravitational scene really a flat spacetime? Or, is the spacetime
metric g,, of Newton’s gravitational scene really the Minkowski metric 7,,?

According to the theory of OR, Newton’s gravitational scene belongs to the
Cartesian spacetime X“d.. So, the issue evolves into that: Is the metric g,, of the
Cartesian spacetime X4, really the Minkowski metric 7,,?

The issue involves the theorem of Cartesian spacetime.

13.2 The Theorem of Cartesian Spacetime

The theorem of Cartesian spacetime, based on the definition (Def. 10.1) of the
general observation agent OA(#) in Chapter 10, proves that the Cartesian spacetime
X4, is a flat spacetime, and the metric g, of Cartesian spacetime is exactly the
Minkowski metric: 77,,=diag(+1,-1,-1,-1).

Einstein believed that: Newton’s gravitational scene was a flat spacetime; or, in
a flat spacetime, Newton’s theory of universal gravitation held true. It was based on
such an understanding that Einstein conceived the logical way of weak-field
approximation, and then corresponded his theory of general relativity to Newton’s
theory of universal gravitation to calibrate Einstein’s field equation.
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According to the theory of GOR, Newton’s theory of universal gravitation is the
product of the idealized observation agent OA. with the idealized observational
spacetime X*d,, called the Cartesian spacetime in the theory of OR, representing
the objective and real physical world.

It should be pointed out that Newton’s theory of universal gravitation is not
necessarily the theory of weak gravitational fields; the flat spacetime of Cartesian
spacetime is not due to weak gravitational fields or no gravitational fields, but the
objectively physical reality presented to observers by the idealized agent OA...

13.2.1 The ldealized Agent and Cartesian Spacetime

The theory of OR has clarified that, in order to perceive or observes the natural
world, observers must make use of certain observation agents.

In theory, any form of matter motion could be employed as the observation
medium to transmit observed information to observers. According to Def. 10.1 in
Sec. 10.3 of Chapter 10, the general observation agent OA(7) can be formalized as:

x° =nt;
NGRS
OA(n)= X'=x,X=y,x’ =z

where 7 is the information-wave speed of OA(7); X*d(n) is the observational
spacetime of OA(#n): x is the 1d time, (x!,x?,x3) is the 3d space; g, =0,.(X%7) is the
metric of the observational spacetime X“d(z).

As stated in Sec. 1.4 Observation Agents of Chapter 1 and as shown in Tab. 1.1,
the so-called Cartesian spacetime refers to the idealized observational spacetime
X44,, of the idealized observation agent OA..: X*d(7) —X*4, as n—o0, where there is
no observational locality: it takes no time for information to cross space.

Based on Def. 10.1, the spacetime theory of GOR derives the GOR factor 7(7)
(see Sec. 12.4 in Chapter 12), that is, the factor of spacetime transformation in the
observational spacetime X*d(#n) of the general agent OA(7) (Eqg. (12.36)):

rn=21_ 1

dr iV 2
2 v v
n n n

The GOR factor 7(7) of spacetime transformation generalizes the factors of the
optical agent OA(c) and the idealized agent OA.: as n—c, I(n) is strictly reduced
to the spacetime-transformation factor 77(c)=y of Einstein’s relativity theory; as
n—oo, I'(n) is strictly reduced to the Galilean factor 7" (=1).

Here, the Galilean factor 7" (=1) represents the Cartesian spacetime, that is, the
idealized observational spacetime X*.: I(n)—>I"»=1 and X*(7)—>X*, as —>w.

It could be imagined (as stated in Sec. 13.1, Einstein also thought the same way)
that the Cartesian spacetime X% is flat, and its metric g, is exactly the Minkowski
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metric 7,,: if n—oo then g, — 7. Such an idea could be formalized as the
following Cartesian-spacetime theorem.

The Theorem of Cartesian Spacetime: Let OA(7) be the general observation
agent, g,,=0,v(X%7) the metric of the observational spacetime X*d(7) of OA(#),
and 7 the information-wave speed, then g,,,— 77, aS 7—>.

Naturally, proof is required for g,,— 1, as n—o.

Alternatively, it needs to be proven that the Cartesian spacetime X4, is flat, and
the metric g,., of Cartesian spacetime X“d, is exacely the Minkowski metric 7., that
iS, 9 ="nw=diag(+1,-1,-1,-1).

Newton’s gravitational scene belongs to the Cartesian spacetime X*. If the
theorem of Cartesian spacetime holds true, then without the need of the weak-field
approximation, the theory of GOR could strictly converge to Newton’s theory of
universal gravitation as 77— under the idealized agent OA... In this way, the GOR

gravitational-field equation could be corresponded to Newton’s law of universal
gravitation in the form of Poisson equation.

13.2.2 The Lemmas of Cartesian-Spacetime Theorem
The proof of Cartesian-spacetime theorem consists of several lemmas.

The Observational Spacetime : //1K

o X*(n) of OA(7)

o ‘\L): )
The Information Wave & :
(7: speed) t b

The Standard Clock
T
The Observer O

T D

|
|vaww~>
2 VMWW (2 F

0-phase  2m-phase Art=1-1 0-phase  2m-phase

Figure 13.1 The Observer O and the Observed Time t: The observer O observes the
standard clock Tp; the time dt observed by O depends on the observation agent OA(7)
that O is armed with. The general observation agent OA(7) has the observational locality
(n<o0), and therefore, the observed time dt is not the objectively real time dz. However,
in the Cartesian spacetime X“d,, the observation agent is the idealized agent OA.
(n7—w0), and has is no observation locality, thus dt=dz.

Lemma 13.1 and Corollary 13.1

Lemma 13.1 is intended to prove that, in the Cartesian spacetime X*d,, the
observational (observed) time dt of observers is exactly the objectively real time, i.e.,
the intrinsic time (proper time) dz.

Lemma 13.1: Let OA(n) be the general observation agent, and # the
information-wave speed of OA(7), then in the observational spacetime X*d(7) of
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OA(n), as n— oo, the observed time dt of any observer is exactly the standard time
dz: dt=dz (dz=ds/7).

Proof:

As depicted in Fig. 13.1, the observer O observes the standard Tp, the intrinsic
period of Tp is To. According to the definition of standard time, if O and Tp are
relatively stationary in the free spacetime S (g,= 77, and dx'=0 (i=1,2,3)), then the
observed time dt of O is the standard time d=.

According to the definition of observation agents (Def. 10.1) and the symmetry
of the spacetime metric g.,, the line-element ds of the observational spacetime
X4d(77) of OA(7) obeys

ds? =g, dx“dx”
=170y, dt* +2779,,dx'dt + g, dx'dx"
=7"dt? (9, =7,,:dx' =0(i=12,3))
=n'de® (1 =1) (13.2)

Therefore, the standard dz=ds/ 7.

Suppose that the standard clock T emits the signals of the 0-phase and 2 z~phase
of the clock period outward at times 71 and =, respectively, then naturally, the
intrinsic period T, of Tp is To=Ar=12—171.

Suppose that the observer O receives the signals of the 0-phase and 2-phase of
the clock period at times t; and to, respectively, then the period T of the standard
clock Tp observed by O is T=At=t,—t1.

If n—oo, then the observation agent OA(7) has no observation locality, the
observation medium M(7) takes no time to transmit observed information. Therefore,
t1=71 and to=1, the period T of the standard clock Te observed by O is exactly the
intrinsic period T, of the standard clock Tp: T=to—t1= 72— 71=T,.

Thus, as 7— o, in the observational spacetime X*(7) of OA(7), the observed
time dt of an observer is exactly the standard time: dt=dz (dz=ds/7).

Q.E.D.

According to Lemma 13.1, if 7—o0, or in the Cartesian spacetime X*,, of the
idealized observation agent OA.., the observational time dt observed by an observer
O (regardless of the space coordinates of X“d,) observing the standard clock Tp is
the standard time, i.e., the intrinsic time (proper time) dz. This means that, in the
Cartesian spacetime X“d,, of the idealized observation agent OA., time does not
depend on space: space and time are independent of each other.

Thus, Lemma 13.1 has the following corollary.

Corollary 13.1: Let OA(7) be the general observation agent, and 7 the
information-wave speed of OA(7), then as n—oo, in the metric g, of the
observational spacetime X“d( 77) of OA(#), the metric elements of Oi and i0 are zero:
0oi=0i0=0 (i=1,2,3).
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Corollary 13.1 is of important significance.

(i) Corollary 13.1 suggests that space and time in the objectively physical
world are originally orthogonal: time is just time, flowing quietly; space is
just space, existing quietly.

(ii) Corollary 13.1 indicates that the objectively physical world has no the
so-called gravitational vector potential imagined by Einstein.

However, it is worth noting that, in Lemma 13.1, =0 (i=1,2,3) requires 7— .
This means that when the observation agent OA(7) has the observation locality
(n<w), the gravitational vector potential » (i=1,2,3) might appear in the
observational spacetime as a pure observational effect.

Lemma 13.2 and its Proof
Lemma 13.2 is intended to prove that, in the Cartesian spacetime X*d, the 00
element goo Of the metric g, is the 00 element 700 Of the Minkowski metric 7,

Lemma 13.2: Let OA(n) be the general observation agent, and 7 the
information-wave speed of OA(7), then as n—oo, the metric element goo in the
metric g, of the observational spacetime X*4(7) of OA(7) equals to one, i.e., the 00
element 7o of the Minkowski metric 77, goo=100=1.

Proof:
According to Def. 10.1, the line-element ds in the observational spacetime X*( 7)
of the observation agent OA(#) could be written as follows:

ds’ _ 2 Yoi 4oi Qi 4yiyk
7—goodt +27dx dt-’r?dx dx (133)

According to Lemma 13.1, dt=dras n— 0, and dz=ds/ 7.
So, it follows as 77— oo that

dz® =g,dt° (13.4)
By contrasting Eq. (13.4) and Eq. (13.2), we have: goo=r00=1.
Q.E.D.
Lemma 13.3 and its Proof

Lemma 13.3 is intended to prove that, in the Cartesian spacetime X*d,, the ii
element g of the metric g, is the ii element 7; of the Minkowski metric 7.

Lemma 13.3: Let OA(n) be the general observation agent, and # the
information-wave speed of OA(7), then as n— oo, the metric element g; in the
metric g, of the observational spacetime X*(7) of OA(7) equals to -1, i.e., the ii
element 7 of the Minkowski metric 77,.: gi=ni=—1 (i=1,2,3).

Proof:

The metric g, in the observational spacetime X*d(7) of the observation agent

OA(n) is independent of the observer O and the observed object Tp. Therefore, we
could set the motion scene of Tp moving uniformly along the axis x* relative to O:
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dx10 and dxZ=dx3=0.

According to Def. 10.1, as well as Lemma 13.1 and Corol. 13.1, based on the
given conditions of Lemma 13.3 and the motion scene, it follows that:

ds* =g, dx“dx”
=177 goodt? + 2770, dx'dt + g, dx'dx"
=170y, dt” + g, dx'dX* (g, =i, =0)
=gyt + g, dx'dx"  (dx® = dx’ =0)
=n’g,,dt> —dI’

dl = —g,, dx' (13.5)

where dl is the physical space distance or the pure space distance that the
observed object Tp moves during the period dt in the observational spacetime Xd( 7)
of the observation agent OA(7).

If 7— o0, then OA(77) >OA. and X*(77)—>X*d.. According to the motion scene,
in the Cartesian spacetime X4, of the idealized observation agent OA.., the physical
space distance (pure space distance) that the observed object Tp moves during the
period dt=dz must be dl=dx!. Therefore, by contrasting with the dI=(—gi1)dx* in
Eq. (13.5), it follows that: g11=—1 as n—o.

Similarly, g22=03s=—1 as n—.
Or, gi=ni=-1 (i=1,2,3) as n—x.
Q.E.D.
Lemma 13.4 and its Proof
Lemma 13.4 is intended to prove that, in the Cartesian spacetime X4, the ik
element gix of the metric g,., is the ik element 7i of the Minkowski metric 77,..

Lemma 13.4: Let OA(n) be the general observation agent, and 7 the
information-wave speed of OA(7), then as n— oo, the metric element gi in the
metric g, of the observational spacetime X*¢(7) of OA(#) equals to zero, i.e., the ik
element 7k of the Minkowski metric 7., gik=7nik=0 (i,k=1,2,3; i=k).

Proof:

The metric g, in the observational spacetime X*d(7) of the observation agent
OA(n) is independent of the observer O and the observed object Tp. Therefore, we
could set the motion scene of Tp moving uniformly in the axis x!-x? plane: dx'0 and
dx?=0; dx3=0.

According to Def. 10.1, as well as Lemma 13.1 and Corol. 13.1, based on the
given conditions of Lemma 13.4 and the motion scene, it follows that:
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ds® =g, dx“dx"
=170, dt* + 2779,,dx dt + g, dx'dx"
=1gedt® + g dx'dX“  (gy =0, =0)

=7°gydt” —dI* (dx*=0)

dl = \/—(Zglzdxldxz + gll(dxl)2 + 05 (dx2 )2) (13.6)

where dl is the physical space distance or the pure space distance that the
observed object Tp moves during the period dt in the observational spacetime Xd( 7)
of the observation agent OA(7).

According to Lemma 13.3, gi=-1 (i=1,2,3) as 7— o0, and then

di = \/((dxl ) (@) ) - 20,.0¢0¢ (13.7)

If 7— o0, then OA(77) >OA. and X*(77)—>X*d.. According to the motion scene,
in the Cartesian spacetime X*%,, of the idealized observation agent OA.,, the physical
space distance (pure space distance) that the observed object Tp moves during the
period dt=dr must be dI=V((dx})2+(dx?)?). Therefore, by contrasting with the dl in
Eqg. (13.7), it follows that: g12=021=0 as 7—o.

Similarly, g23=g32=0 as —o.
Or, gik=7nik=0 (i,k=1,2,3; i=k) as n—o0.
Q.E.D.

13.2.3 The Proof of Cartesian-Spacetime Theorem
According to Lemmas 13.1-4, we can prove the theorem of Cartesian spacetime.
Proof:
According to Lemma 13.1, the observed time dt is the standard time dz: dt=dz.
According to Corol. 13.1, spacetime is orthogonal: goi=gio=0 (i=1,2,3).
According to Lemma 13.2, goo=1700=1.
According to Lemma 13.3, gi=7ni=—1 (i=1,2,3).
According to Lemma 13.4, gi=7i=0 (i,k=1,2,3; i=k).
In summary, the theorem of Cartesian spacetime holds true: g.,— 77,85 17—,
where, 77, is the Minkowski metric: 7,,=diag(+1,-1,-1,-1).
Q.E.D.

The theorem of Cartesian spacetime means that the objective and real spacetime,
or, the Cartesian spacetime, is originally flat rather than curved.

13.2.4 Verifying the Cartesian-Spacetime Theorem

In his general relativity, Einstein made use the weak-field approximation to
solve his gravitational-field equation, and obtained the first solution of Einstein field

88



equation [, i.e., Einstein’s approximate solution, in which the metric g,.(x%c) in
the observational spacetime X*d(c) of the optical observation agent OA(c) was:

2 GM
O (C) :1+C_)2( [l :__j

9, (c)=0 (13.8)

ik
9 (€) =6, +i_;2(xr_)2( (i,k=123)

In Eqg. (13.8), y=—GM/r is the Newtonian gravitational potential; as r—oo,
x—0 and g,.(x%c)—> nu=diag(+1,-1,—1,-1). This is in line with the expectation of
Einstein’s logic of weak-field approximation.

However, as clarified by the theory of GOR in Sec. 12.5 of Chapter 12, the root
and essence of gravitational relativistic effects do not lie in gravitational interaction,
but in the observational locality of the observation agent OA(7) (7 <«). Based on
the principle of GC, through PGC logic route 1, substituting the information-wave
speed # for the light speed c, one could directly obtain the metric g..(x% 7) in the
observational spacetime X*(7) of the general observation agent OA(r), that is, the
approximate solution of the GOR gravitational-field equation:

2 GM
o)1+ 22 [ =S

0y (17)=0 (13.9)

27 X'x*
O (’7)2—5ik +77_)z( r2

(i,k=12,3)

Obviously, regardless of y and r, if 7— o0 then
limg,, (7)=n,, =diag(+1,-1,-1-1) (13.10)

n—o

It is thus clear that, for both the approximate solution of Einstein field equation
(Eq. (13.8)) or the approximate solution of the GOR field equation (Eq. (13.9)), the
theorem of Cartesian spacetime holds true: g..(X% 7)) — 1.y as n— .

Likewise, the Schwarzschild metric [8%, the first exact solution of Einstein field
equation, can also be applied to verify the theorem of Cartesian spacetime and to
draw the conclusion similar to that Einstein’s approximate solution.

13.2.5 The Significance of Cartesian-Spacetime Theorem

The theorem of Cartesian spacetime makes the fuzzy image of Cartesian
spacetime in Chapter 10 and Chapter 12 much clearer. Actually, the theorem of
Cartesian spacetime is consistent with the statement about the intrinsic spacetime
and the observational spacetime in Chapter 1 and Chapter 10, as well as, with the
statement about the GOR factor of spacetime transformation in Chapter 12.

According to the GOR factor of spacetime transformation in Eqg. (12.36),
I(n7)— s as n— oo, which has already clarified that the Cartesian spacetime X4,
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of the idealized agent OA. is flat. Now, the theorem of Cartesian spacetime proves
that: g..(n)—>n. as n—oo, which more clearly indicates that the Cartesian
spacetime X*,, (including Newton’s gravitational field) is flat rather than curved.
Actually, in Einstein’s subconscious, Newton’s gravitational field was originally flat,
which was reflected in Einstein’s logical way of weak-field approximation.

According to the theorem of Cartesian spacetime, in the theory of OR (including
IOR and GOR), the general observation agent OA(7) generalizes all observation
agents, including the optical agent OA(c) and the idealized agent OA., unifies the
Minkowski 4d spacetime of OA(c) and the Cartesian 4d spacetime (with the
independent 1d time and the independent 3d space) of OA...

Naturally, as 7—c, the general observation agent OA(7) becomes the optical
agent OA(n). In particular, as 7—o, the general observation agent OA(r7) becomes
the idealized agent OA., and the observational spacetime X“d(7;) becomes the
Cartesian spacetime X*.; according to the theorem of Cartesian spacetime, the
metric g,.(0) of the Cartesian spacetime X4, is exactly the Minkowski metric 7,
nw~diag(+1, -1,-1,-1).

The metric g, of the observational spacetime X*/(n) of the general observation
agent OA(n) depends on the information-wave speed 7 of OA(7): 9uw=0u(7),
which could be decomposed into:

0, (n) =, +h,.(n)

where the Minkowski metric 7., (i.e., the flat metric) does not rely on OA(7),
while the curved metric h,, relies on OA(#): h.=h,.(7); in particular, according
to the theorem of Cartesian spacetime, h,,—0 as 7— .

According to the definition (Def. 10.1) of Observation Agent in Chapter 10 and
Eq. (10.2), the line-elements ds of the observation spacetime X*d(7) of the general
observation agent OA(r) is described in:

ds* =g, (n)dx“dx’ =(n,, +h,, (7))dx"dx"

limh,, (1) :o) (13.11)

n—0

(13.12)
=p'dt’ —dI*+h,, (7)dxdx (dl = ox* +dy* + 6z’ )
where dt is the observed time, dl is the physical space distance.
Equation (13.12) can be rewritten as:
2 h
dz? =dt? —%+Lﬁ)dx“dxv [drzﬂJ (13.13)
n n n

According to the theory of Cartesian spacetime: h,,—0 as n— .

Thus, as 77—, the spacetime line-element ds in Eg. (13.13) splits into two
independent relations in the Cartesian spacetime X4, (i.e., the objectively physical
world), the independent time-line dt and the independent space-line dl:
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) dt=dr
X (13.14)

dl = /dx? +dy? +dz’

where the observed time dt is the objectively real time dz; the physical space
distance (pure space distance) dl is the Cartesian 3d space distance.

The theorem of Cartesian spacetime has clarified the spacetime characteristics of
Cartesian spacetime as the intrinsic spacetime of the objective world:

(i) time is uniform everywhere: different observers have the same time, and

simultaneity is absolute;

(i) time and space are independent of each other: time flows quietly and evenly,

while space exists quietly and eternally.

What Eq. (13.14) presents is exactly the scene of the Galilean transformation,
that is, the scene in observational space time X, of the idealized agent OA.., which
is the Cartesian spacetime X“d..: the true portrayal of the objectively physical world.
As n—oo, the observational spacetime X*d(#) of the general observation agent OA(7)
would logically revert to Cartesian spacetime, which from one aspect confirms the
formal and logical consistency between the general observation agent OA(7) and the
idealized agent OA...

Based on the theorem of Cartesian spacetime, the theory of GOR could
construct the logical way of idealized convergence under the idealized observation
agent OA.. and the conditions of idealized convergence: when the information-wave
speed #n of the general observation agent OA(#) is large enough, it follows that
(1) =100 (17) (1D << 770)).

The logical way of idealized convergence under the idealized observation agent
OA.. will lay the theoretical foundation for the deduction and calibration of GOR
gravitational-field equation.

13.3 The GOR Logical Way of Idealized Convergence

It is the fundamental thought of the principle of general correspondence (GC)
that: One physical world, one logical system.

Like Einstein’s theory of general relativity, the theory of GOR also needs to
maintain the logical consistency with Newton’s theory of universal gravitation; like
the Einstein field equation, the GOR gravitational-field equation also needs to
maintain logical consistency with Newton’s law of universal gravitation in the form
of Poisson equation. However, unlike Einstein’s theory of general relativity, the
theory of GOR follows the GOR logic of idealized convergence or the GOR logical
way of idealized convergence under the idealized observation agent OA., rather than
Einstein’s logical way of weak-field approximation.

The logical consistency between the general Lorentz transformation of OR
theory and the Galilean transformation does not lie in the slow-speed approximation,
but in the idealized convergence under the idealized observation agent OA.., which
is the corresponding relationship of isomorphic consistency between the general
observation agent OA(7) and the idealized agent OA.., that is, the strictly logical
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consistency: as n—o, the general Lorentz transformation strictly reduces to the
Galilean transformation.

Likewise, the logical consistency between the theory of GOR and Newton’s
theory of universal gravitation does not lie in the weak-field approximation, but in
the idealized convergence under the idealized observation agent OA., which is the
corresponding relationship of isomorphic consistency between the general
observation agent OA(7) and the idealized agent OA.., that is, the strictly logical
consistency: as n—oo, the GOR gravitational-field equation strictly reduces to
Newton’s law of universal gravitation in the form of Poisson equation.

13.3.1 The Logic of Idealized Convergence

Restricted by the optical observation agent OA(c), Einstein believed that the
essence of relativistic effects lies in matter motion and matter interactions: the
Galilean transformation could only approximately be corresponded to the Lorentz
transformation in special theory by the slow-speed approximation; Newton’s law of
universal gravitation could only approximately be corresponded to Einstein field
equation in general relativity by the weak-field approximation.

However, the theory of observational relativity (OR) has discovered that all
relativistic effects are observational effects, and the essence lies in the observational
locality (7<) of the observational agent OA(7): different observational agents
have different degrees of observational locality, and therefore, present different
degrees of relativistic effects. Newton’s theory of universal gravitation is the theory
of the idealized observation agent OA..; therefore, in logic, the theory of GOR could
be corresponded to Newton’s theory of universal gravitation by the idealized
convergence under the idealized observation agent OA.., rather than by Einstein’s
weak-field approximation.

This is so-called the GOR logical way of idealized convergence.

As n— oo, the observation agent OA(7) converges to the idealized agent OA.;
the observational spacetime X“d(7;) converges to the Cartesian spacetime X4,
According to the theorem of Cartesian spacetime, g..(7)—>n. as n—oo, and
therefore, the Cartesian spacetime X4, (including Newton’s gravitational field) is a
flat spacetime. At such a case, logically or in logic, the gravitational theory of GOR
should strictly be corresponded to Newton’s theory of universal gravitation.

The theory of GOR repeatedly emphasizes that: Newton’s theory of universal
gravitation is not the theory of the weak-field approximation of Einstein’s general
relativity; Einstein’s theory of general relativity and Newton’s theory of universal
gravitation belong to different observational agents and do not have the direct
corresponding relationship. Einstein’s theory of general relativity is the theory of
optical agent OA(c), which holds true only if light acts as the observation medium;
Newton’s theory of universal gravitation is the theory of the idealized agent OA..,
representing the objectively gravitational interaction, which could only be converged
or corresponded by the idealized convergence under the idealized agent OA...

The GOR factor 7'=71r) of gravitational spacetime transformation depends on
the observation agent OA(#): I'=1/\(1+24/1?). For a given gravitational potential z,
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the larger the y, the flatter the gravitational spacetime, the closer the GOR factor
I'=I"(n) is to the Galilean factor /"«=1, and the closer the gravitational spacetime is
to the Cartesian spacetime X*.. In particular, as n—o0, 7(n)— =1, the GOR
gravitational spacetime X*d(7) becomes the flat Cartesian spacetime X*... At such a
case, the gravitational theory of GOR and Newton’s theory of universal gravitation
have strict logical consistency: so-called the idealized convergence.

In this way, the gravitational theory of GOR could strictly converge to Newton’s
theory of universal gravitation; the GOR gravitational-field equation could strictly
converge to Newton’s law of universal gravitation in the form of Poisson equation.

13.3.2 Quasi Cartesian Spacetime and its Metric

According to the theorem of Cartesian spacetime, the metric g, of the Cartesian
spacetime X“d,, of the idealized observation agent OA. is exactly the Minkowski
metric: n,,=diag(+1, -1,-1,-1).

Based on the definition (Def. 10.1) of the general observation agent OA(7), the
theory of GOR has derived the GOR factor (Eq. (12.36)) that is isomorphically
consistent with Einstein’s general factor y of gravitational spacetime transformation
(Eg. (12.16)). So, we have the GOR factor of the general observational agent OA(7):

1

2 i 2 2 .
o2z v v
n n n

The GOR factor 7I'=7"(n) of spacetime transformation depends on the
information-wave speed 7 of OA(#7), which could be any speed value; while the
factor y of spacetime transformation in Einstein’s theory of general relativity is only
a special case of the GOR factor 7'=7"(n) of spacetime transformation, where 7
could only be the speed c of light: y=7(c).

In his theory of general relativity, restricted by the perspective of optical
observation, Einstein could only use the weak-field approximation to make the
curved gravitational spacetime X*d(c) of the optical agent OA(c) approximate to the
Cartesian spacetime X*d... y~/I",, and to make Einstein’s field equation approximate
to the Newton’s law of universal gravitation in the form of Poisson equation, by
assuming: (i) weak field (|y|<<c?); (ii) slow speed (Jv|<<c); (iii) the static field
(9ep0=hepo=0 (,/=0,1,2,3)); (iv) Spacetime orthogonality (goi=0ioc=0, (i=1,2,3)); (V)
The harmonic coordinates (\V(—g)=1).

As clarified by the theory of OR, however, Einstein’s theory of general relativity
does not have the direct corresponding relationship with Newton’s theory of
universal gravitation, and particularly, Newton’s gravitational field is not necessarily
a weak gravitational field.

In the theory of GOR, Newton’s gravitational spacetime is the gravitational
spacetime X4, of the idealized agent OA.,, i.e., Cartesian spacetime: OA(7) —OA.
as n—oo. At such a case, the gravitational theory of GOR converges to Newton’s
theory of universal gravitation.

Equation (12.3): I =
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Therefore, in order to make the curved gravitational spacetime X*d(7) of the
general observation agent OA(#) strictly converge to the Cartesian spacetime X4,
and to make the GOR field equation strictly converge to Newton’s law of universal
gravitation in the form of Poisson equation, the theory of GOR should replace
Einstein’s logic of weak-field approximation with the logic of idealized convergence.
(It should be pointed out that this is also a logical way of isomorphically consistent
correspondence under the principle of GC.)

In the theory of GOR, the idealized convergence under the idealized agent OA.
does not require to set the conditions of weak-field approximation, including the
weak field, slow speed, static field, spacetime orthogonality, and harmonic
coordinates; simply requires the information-wave speed 7 of OA(7) to be large
enough or n—oo, then the curved gravitational spacetime of OA(7) could be
flattened or linearized, and become the Cartesian spacetime X4,

lim 7" () =lim ! =1=7,

n—0 n—0 S\2 *
2 vY v (13.15)
(R

n n

Actually, the GOR idealized convergence is also a linearization method.

The general observation agent OA(7) has the observation locality (7<c).
Therefore, according to the logic of Einstein’s theory of general relativity, the GOR
gravitational spacetime of OA(7) should also be described as curved or nonlinear:
I'(n)>I".=1. Under the idealized agent OA.., I"(n) —>I =1 asp— . At such a case,
the gravitational theory of GOR would strictly converge to Newton’s theory of
universal gravitation.

According to the theorem of Cartesian spacetime: as ©—, the GOR
gravitational spacetime X“d(7) converges to the Cartesian spacetime X“d., and the
GOR gravitational spacetime metric g,.(x% 1) converges to the Minkowski metric
nuw=diag(+1,-1,-1,-1). Therefore, based on the GOR idealized convergence, let the
information-wave speed 7 be large enough, then the GOR gravitational spacetime
could be regarded as a quasi Cartesian-spacetime, and the GOR gravitational
spacetime metric g..(x% 77) could be regarded as a quasi Cartesian-spacetime metric
that could be decomposed and linearized as:

77>>\/m and 7> |7iv‘|:
9, (x“.n)=n,, +h, (x".n) (13.16)
(|hw and mhﬂv(x“,n):o)

where h,, and its derivative of each order are infinitesimal, According to the
theorem of Cartesian spacetime: g, (x? 1) —n.vas n— oo, and hence, h,,— 0.
Obviously, Eq. (13.16) is isomorphically consistent with Einstein’s condition of
the weak field in Eqg. (13.1). Equation (13.16) is the condition of GOR idealized
convergence; the metric g..(x% n) in Eq. (13.16) is the quasi Cartesian-spacetime

< |17W
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metric, 7, is the flat metric, and h,,, is the curved metric.

Equation (13.1) is the core relationship of Einstein’s weak-field approximation;
while Eq. (13.16) is the core relationship of the GOR idealized convergence under
the idealized agent OA., in the theory of GOR, and is a linearized equation of the
gravitational spacetime metric g..(x% 77) in the theory of GOR. It is the result of
idealized converging and the formalized expression of idealized convergence.

It is worth noting that the curved metric h,,=h,,(7) depends on the observation
agent OA(#): under different observation agents, the same gravitational scene has
different curved metrics, and would exhibit different curvatures.

This fact suggests that h,, is not so-called the weak gravitational potential,
does not represent gravitational radiation, nor is the gravitational wave, but the
carrier wave, that is, the information wave loaded with observed information about
matter motion (v) and gravitational interaction ().

The theory of Gravitationally Observational Relativity (GOR) will reveal the
mystery of Einstein’s prediction for gravitational waves in Chapter 18.

13.3.3 The Conditions of Idealized Convergence

The GOR logical way of idealized convergence theory can be analogized with
Einstein’s logical way of weak-field approximation; the conditions of idealized
convergence for the theory of GOR can be corresponded to the conditions of
weak-field approximation for Einstein’s theory of general relativity.

As stated in Sec. 13.1.3, Einstein’s logical way of weak-field approximation has
five assumptions; while the COR logical way of idealized convergence under the
idealized observation agent OA.. only means one assumption or condition, that is,
the information-wave speed 7 of the observation agent OA(7) is large enough or
n—o. According to the theorem of Cartesian spacetime, if 7 is large enough or
n—oo, then the linearized equation (13.16) of the idealized convergence holds, and
naturally, Einstein’s five conditions of weak-field approximation hold true.

(i) The flat spacetime (corresponding Einstein’s assumption of the weak field)

In theory of GOR, the gravitational spacetime is the observational spacetime
X*(7) of the general observation agent OA(#), the spacetime metric g,.(77) of X*4(n)
could be decomposed into the flat metric 7., and the curved metric h,.(7):
()= +h (7).

According to the theorem of Cartesian spacetime: g,,=7., as n—o0. Therefore,
for any gravitational scene with Newton’s gravitational potential y, if # is large
enough (r7>>\|y]), the gravitational spacetime X“i(7) tends to be flat, which could
be regarded as the weak-field scene in Einstein’s logical way of weak-field
approximation. The condition of the weak field condition holds (see Sec. 13.1.3):

G (X 1) =1, + 1, (x7) (| )

where h,, is the curved metric, does not represent the weak gravitational potential,
but represents the curved state of the observational spacetime X*I(#): h,,—0 as

< |77W
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n—oo, or in other words, |h,.|<<|7.v| if 7 is large enough. At such a case, the GOR
observational spacetime X*d(7) of OA(#7) converges to the Cartesian spacetime X4,
and tends to be flat.

(if) The slow speed

As n—o, the speed v of any observed object P relative to the observer O could
be regarded as a slow speed. Therefore, if 7 is large enough (7>>|v]), then the
condition of the slow speed holds (see Sec. 13.1.3):

dx'|  dx° .
= =123 x"=nt
il <a " | )

(iii) The static field

As n—o or 7 is large enough, according to the logic of Einstein’s logical way
of weak-field approximation, the gravitational spacetime at such a case could be
regarded as a static gravitational field that does not change with time, or in other
words, the metric g, (7) or h,.(77) does not change significantly with time t:

V=

od., 09, oh, aqg,
a/x,o:g_(f: gﬂ:O or h,,/,p:—g: gﬁzo
OX not OX not
(a, #=01,2,3)

However, it is worth noting that, in the idealized convergence of GOR theory,
the condition of the static field does not require g..(#) or h,.(#) not to significantly
change with time t, but requires g..(7) or h..(7) not to significantly change with
time-line x%=nt, which only needs 7 to be large enough or 7—>c.

(iv) The spacetime orthogonality

In the theorem of Cartesian spacetime, Corol. 13.1 of Lemma 13.1 has proven
that, as n— oo, the metric elements of Oiand i0 are zero: goi=gi0c=0 (i=1,2,3), the
time axis x° and space axes x' (i=1,2,3) of the observational spacetime X*d(7) of
OA(n) tend to be orthogonal. It is thus clear that the spacetime of the objectively
physical world is originally orthogonal. (This is consistent with the relevant
statement in Sec. 12.5.3 of Chapter 12.)

(v) The harmonic coordinates

According to the theorem of Cartesian spacetime, g.,=7. as n—o, and
therefore, if 7 is large enough, then |h,|<<|7.v| OF gux7. Or N(—g)=1. Thus, the
following relation of harmonic coordinates holds true:

ox' :m;jv( (Fa(m)e” (m))=0 (#=0123)

where g(77)=det(g.v(7)) is the determinant of the metric g,.(#) of the observational
spacetime X*d( 77) of the general observation agent OA(7).

To sum up, in the theory of GOR, the condition of GOR idealized convergence
under the idealized agent OA.. only has one item: the information-wave speed 7 of
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the general observation agent OA(#) is large enough or 7—oo.

Thus, as n—o0 or 7 is large enough, the conditions of Einstein’s weak-field
approximation, including the weak field, slow speed, static field, spacetime
orthogonality, and harmonic coordinates, hold true.

So, it could imagine that, based on the condition of GOR idealized convergence:
n— or p is large enough, by analogizing or following the logic of Einstein’s
weak-field approximation in Einstein’s theory of general relativity, the theory of
GOR could correspond the GOR gravitational-field equation to Newton’s law of
universal gravitation in the form of Poisson equation, and finally build and calibrate
the GOR field equation in the theory of GOR.

This is namely the GOR logical way of idealized convergence.

No matter Einstein’s weak-field approximation or the GOR idealized
convergence is a linearization method, intended to linearize the nonlinear
gravitational-field equation, so that it could calibrate the coefficient of the
gravitational-field equation or solve the gravitational-field equation. However,
Einstein’s weak-field approximation is only an approximate linearization method
that could only approximately linearize the Einstein field equation; the GOR
idealized convergence under the idealized agent OA. is a strict linearization method
that could precisely linearize the GOR field equation.

More importantly, Einstein’s weak-field approximation, restrictedly by the
perspective of optical observation, is the product of the misconception of spacetime
curvature; while, the GOR idealized convergence is the logical necessity, which is
on the basis of universal observations and from the broadest perspective of the
general observation agent.

Based on the theorem Cartesian spacetime, following the logic of GOR idealized
convergence, the theory of GOR will under the idealized agent OA.. calibrate the
coefficient of GOR field equation, and finally, build up the GOR field equation.

The GOR logical way of idealized convergence is the embodiment of the logical
thought of isomorphic-consistency correspondence in the principle of general
correspondence (GC), which is the corresponding relationship of isomorphic
consistency between the GOR general observation agent OA(7) and the idealized
observation agent OA.,; the corresponding relationship of isomorphic consistency
between the GOR observational spacetime X*4(7) and Cartesian spacetime X“%; the
corresponding relationship of isomorphic consistency between the GOR
gravitational-field equation and Newton’s law of universal gravitation in the form of
Poisson equation; the corresponding relationship of isomorphic consistency between
the gravitational theory of GOR and Newton’s theory of universal gravitation.

Ultimately, the gravitational theory of GOR will generalize unify Einstein’s
theory of general relativity and Newton’s theory of universal gravitation.
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14 The GOR Gravitational-Field Equation

Einstein’s field equation is the most fundamental formula in Einstein’s theory of
general relativity. In a sense, the Einstein field equation represents Einstein’s theory
of general relativity.

Likewise, the GOR gravitational-field equation, or the GOR field equation, is
the most fundamental formula in the theory of Gravitationally Observational
Relative (GOR), which represents the theory of GOR.

This chapter is intended to build up the GOR gravitational-field equation.

Based on the principle of general correspondence (GC), through PGC logic
route 1, substituting the information-wave speed 7 of the general observation agent
OA(n) for the light speed ¢, and directly transforming the Einstein field equation
from the optical agent OA(c) to the general observation agent OA(r77) isomorphically
and uniformly, we could easily obtain the GOR field equation. However, relying
simply on PGC logic route 1, we might fail to understand the essence of
gravitational interaction and gravitational relativistic phenomena.

Based on the principle of GC, through PGC logic route 2, by analogizing or
following the logic of Einstein’s of weak-field approximation in the theory of
general relativity, we could also deduce and calibrate the GOR field equation.
However, relying simply on PGC logic route 2, we might fail to understand the
logical flaws of Einstein’s weak-field approximation, and like Einstein, might
mistakenly understand the essence of gravitational phenomena and mistakenly
support the Einstein’s prediction of gravitational waves.

So, on the one hand, we strive to deduce the GOR field equation based on the
principle of GC, combining PGC logic route 1 and PGC logic route 2, by
analogizing or following the logic of Einstein’s general relativity; on the other hand,
we strive to calibrate the GOR field equation based on the theorem of Cartesian
spacetime, taking advantage of the GOR logical way of idealized convergence under
the idealized agent OA., that is stated in Chapter 13.

14.1 The Establishment of Einstein’s Field Equation

Before deducing the GOR gravitational-field equation under the principle of GC,
before calibrating the GOR gravitational-field equation by the GOR logical way of
idealized convergence based on the theorem of Cartesian spacetime, we need to
analyze and examine Einstein’s logical way of weak-field approximation in the
theory of general relativity, which will contribute us to understand Einstein’ logic of
weak-field approximation and the logic of the GOR idealized convergence, and at
the same time, to reexamine Newton’s theory of universal gravitation and Einstein’s
theory of general relativity.

With regard to Einstein’s theory of general relativity, after the form of Einstein’s
gravitational-field equation had been determined, the remaining problem for
Einstein to have to solve was how to calibrate the coefficient xe of Einstein field
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equation. Einstein expected that his field equation could be related or corresponded
to Newton’s law of universal gravitation through a certain logical way, so that the
coefficient x& of Einstein field equation could be calibrated with Newton’s
gravitational potential y or Newton’s gravitational constant G.

14.1.1 Newton’s Law of Universal Gravitation
and Poisson Equation

Beyond doubt, gravity or universal gravitation is Newton’s great discovery;
Newton’s law of universal gravitation is a great monument of physics, and is
Newton’s great contribution to human beings and physics.

Newton believed that [1: all things on earth attract or gravitate toward each
other, and there is the gravitational interaction between any two objects M and m.
The gravitational force F is directly proportional to the product of the masses M and
m, and inversely proportional to the square of the distance r between M and m:

F_GMm__m ( __&M j (14.1a)
r r r
2 2 S a 5
Ay=Vy=4zGp |A=V =) —— (14.1b)
= ox' ox'

where G=6.754x<10 Nm?/kg? is the Universal Gravitational Constant, y is the
Newtonian gravitational potential, p is the material density of m, A=V? is the
Laplace operator; Eq. (14.1a) is Newton’s law of universal gravitation, and Eq.
(14.1b) is the Poisson equation, a second-order partial differential equation, i.e., the
partial-differential-equation form of Newton’ law of universal gravitation [12°],

Naturally, all doctrines or theories in physics are the idealized models of the
objectively physical world, which inevitably contain idealized assumptions or
hypotheses. Newton’s law of universal gravitation is no exception.

As stated in Sec. 12.1 The Problem of the Locality of Gravitational
Spacetime of Chapter 12, Newton’s gravitational theory, including Newton’s law of
universal gravitation, has two idealized hypotheses:

(i) Gravitational interaction acts at a distance, with infinite radiation speed: it
takes no time for gravity to cross space;

(if) Observational information acts at a distance, with infinite transmit speed: it
takes no time for information to cross space.

The first hypothesis is the condition of Action at a distance about gravity.

Newton realized from the very beginning that his law of universal gravitation
had the problem of gravitational action at a distance. But Newton’s reason told
Newton that action at a distance is not the objectively physical reality, and
gravitational radiation must have a limited speed. Although Newton as well as later
physicists failed to solve the problem of gravitational action at a distance, intuition
told Newton and later people like Laplace 3 and Flandern (1271 that the speed of
gravitational radiation must be extremely fast: far faster than the speed of light.
Otherwise, photons would be difficult to be affected by gravity or universal
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gravitation, and the celestial bodies in the universe would be difficult to maintain
such a stable operating structure (see Flandern’s literature [1271),

The second hypothesis may be said the condition of Medium at a distance,
which is actually a class of Action at a distance, too.

Newton did not realize that the theories or models of physics needed to be linked
with observation. He did not realize that his theory, including all his physical laws or
models, depended on the idealized observation system, was the theory of idealized
observation; while there was no the idealized observation system (agent) in the
objectively physical world. However, the hypothesis of medium at a distance is
implicitly embedded in Newton’s law of universal gravitation. Of course, the
hypothesis of medium at a distance not only implicitly exists in Newton’s law of
universal gravitation, but also in all laws or theoretical models of classical physics,
including Kepler’s three laws of planetary motion, the Galilean transformation, and
Newton’s three laws of motion.

The hypothesis of Medium at a distance endows classical physics with an
idealized observation system: the idealized observation agent OA... As the theory
of OR has elucidated, Galileo’s doctrine and Newton’s theory are that of idealized
observation, belonging to the idealized observation agent OA... Newton’s law of
universal gravitation (Eq. (14.1)) is no exception: strictly speaking, the law is true or
valid if and only if under the idealized observation agent OA...

According to the theorem of Cartesian spacetime (see Sec. 13.2 of Chapter 13):
0.v=1uv as n—oo. Newton’s gravitational field belongs to the Cartesian spacetime
X4, of OA., and therefore, Newton’s law of universal gravitation must be true if in
the Cartesian spacetime X%, or under the idealized observation agent OA...

14.1.2 Einstein’s Field Equation and Motion Equation

Einstein believed that: the earth’s motion around the sun was due to spacetime
curvature; spacetime curvature was due to the presence of matter and energy.
Therefore, Einstein conceived that his theory of general relativity should contain two
basic equations: one was field equation; the other was motion equation.

(i) Field Equation: to describe how spacetime is curved, it has the form of

{Spacetime Curvature = Matter or Energy}
1
G,=R, - > 9, R=—xT,, (14.2)
where G, is known as Einstein tensor, R,, (i.e. the curvature of spacetime) is
known as Ricci tensor, R is the Gaussian curvature, g, is the spacetime metric, T,
is the energy-momentum tensor, and xt is the coefficient of Einstein field equation.

Equation (14.2) does not include the cosmological term: Ag“", or the
cosmological constant A=0. (We are not discussing the cosmological term Ag*" of
Einstein field equation for the moment).

(if) Motion Equation: to describe how an object moves in curved spacetime, it is
determined as the geodesic equation
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where "%, is referred to as Connection.

Later, Einstein et al 1371 and Fock 38! successively proved that Einstein’s field
equation (Eq. (14.2)) could be derived from Einstein’s motion equation (Eq. (14.3)).
This means that Einstein’s theory of general relativity actually has only one basic
equation: the Einstein field equation. However, this does not mean the denial of the
value and significance of Einstein motion equation, but only means that Einstein’s
field equation and Einstein’s motion equation are equivalent, and have the intrinsic
relevance.

It is worth noting that the calibration of the coefficient xe of Einstein field
equation depends not only on Einstein’s field equation (Eq. (14.2)) but also on
Einstein’s motion equation (Eq. (14.3)).

As a theory or a model of the objectively physical world, Einstein’s theory of
general relativity, including Einstein’s field equation and Einstein’s motion, must
have the idealized characteristics and hypothetical preconditions of its own.

As stated in Sec. 12.1 The Problem of the Locality of Gravitational
Spacetime of Chapter 12, Einstein’s theory of general relativity also has two
idealized hypotheses:

(i) Gravitational interaction acts at a distance, with infinite radiation speed: it
takes no time for gravity to cross space;

(ii) Observational information acts at the speed ¢ of light, employing light wave
or electromagnetic interaction as the observation medium: it takes time for
information to cross space.

The first hypothesis is also the condition of Action at a distance about gravity.

With regard to the first hypothesis of action at a distance, Einstein did not
realize that, like Newton’s theory of universal gravitation, his theory of general
relativity also contains the same idealized hypothesis: gravity or gravitational
interaction is action at a distance. Actually, as stated in Sec. 12.1 of Chapter 12,
like Newton’s theory of universal gravitation, Einstein’s theory of general relativity,
including his field equation and motion equation, also is implicitly embedded the
hypothesis of action at a distance about gravity or gravitational interaction, and
therefore, there is no prior knowledge or information about gravitational waves and
the speed of gravitational radiation. Logically or theoretically, it is impossible for
Einstein or Einstein’s theory of general relativity to predict gravitational waves, let
alone the speed of gravitational waves.

The second hypothesis may be said the condition of optical observation.

Like Newton, Einstein did not realize that the theories or models of physics
needed to be linked with observation. Einstein also did not realize that his theory of
relativity, including the special and the general depended on the optical observation
system, was the theory of optical observation, and restricted by the observational
locality (c<wo) of the optical observation agent OA(c). However, the hypothesis of
optical observation is implicitly embedded in Einstein’s theory of relativity,
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including the special and the general, and in particular, embedded in Einstein’s
principle of the invariance of light speed. (Perhaps, Einstein never considered that
his theory of relativity was the theory of optical observation and needed to employ
light or electromagnetic interaction as the observation medium.)

Einstein’s hypothesis of the invariance of light speed endows Einstein’s theory
of relativity with the optical observation system or the optical observation agent
OA(c), the most common means by which human beings perceive or observe the
objectively world. Minkowski formalized the optical agent OA(c) as the 4d
spacetime coordinate framework of optical observation, known as the Minkowski
spacetime [5051, Although Minkowski spacetime was created specifically for
Einstein’s theory of special relativity, it was later extended to the theory of general
relativity by Einstein. It is thus clear that, as the theory of OR has clarified,
Einstein’s theory of relativity, including the special and the general, is the theory of
optical observation and belong to optical observation agent OA(c). So, Einstein’s
theory of relativity is true or valid if and only if under the optical agent OA(c).

The gravitational spacetime in Einstein’s theory of general relativity is the
observational spacetime X4*d(c) of the optical agent OA(c), which is a curved
spacetime. So, how is the Einstein field equation in curved spacetime related to or
corresponded to Newton’s law of universal gravitation in flat spacetime?

14.1.3 Einstein’s Weak-Field Approximation

Logically or in logic, as the theoretical systems describing the gravitational
interaction in the same physical world, Einstein’s theory of general relativity and
Newton’s theory of universal gravitation should have the intrinsic linkage or
corresponding relationship.

Einstein supposed that, as the Lorentz transformation in the theory of special
relativity approximately reduced to the Galilean transformation in the case of
slow-speed approximation, his gravitational-field equation in the theory of general
relativity should approximately reduce to Newton’ law of universal gravitation in
the form of Poisson equation in the case of weak-field approximation.

However, as clarified in Chapter 13, there is no the direct corresponding
relationship between Einstein’s field equation (as an optical observation model) and
Newton’s law of universal gravitation (as an idealized observation model).

As far as the calibration of the coefficient k= of Einstein field equation is
concerned, the logical way of weak-field approximation in Einstein’s theory of
general relativity seemed to be valid or effective: through the weak-field
approximation, Einstein field equation was linked and corresponded to Newton’s
law of universal gravitation in the form of Poisson equation, and then, Einstein
successfully calibrated and built up the gravitational field equation in his theory of
general relativity.

Einstein’s field equation is actually a complex system of Nonlinear partial
differential equations, which is very difficult to calibrate and solve. Einstein had to
use certain linearization method to process it: the most basic task was to determine
the coefficient xe of Einstein field equation; the most basic method was Einstein’s
logical way of weak-field approximation.
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In order to correspond Einstein’s field equation in curved spacetime with
Newton’s law of universal gravitation or the form of Poisson equation in flat
spacetime, Einstein had to flatten the curved spacetime, so that the factor y of
gravitational spacetime transformation was approximate to the Galilean factor:
y~I.=1. According to the factor y=1/(1+2y/c?) of gravitational spacetime
transformation in Einstein’s theory of general relativity, the speed ¢ of light in
vacuum is a constant. So, intended to make y~/.=1, one has to make the Newtonian
gravitational potential y~0 or |y|<<c?, so that Newton’s gravitational field becomes
the so-called weak Gravitational field.

The Galilean factor 7..=1 represents the flat Cartesian spacetime, where dt=d«
(Einstein’s logical way of weak-field approximation implies such a claim; while
strict theoretical proof comes from the theorem of Cartesian spacetime.)

According to Egs. (12.15-16) in Chapter 12, the most general form of the
Einstein factor y of gravitational spacetime transformation can be written as

1

;/ = 2
— . gy dX U0 0o | OX' dx*
+ . N — [
\/[ goo gOO dXO J ’ [glk gOO ] dXO dXO
1

V22 o /e (14.)

which suggests that, to make y~/.=1, in addition to the gravitational scalar
potential y, it is also necessary to consider the gravitational vector potential y;
(i=1,2,3) and the speed v of the observed object P. So, as stated in Sec. 13.1 of
Chapter 13, Einstein’s conditions of weak-field approximation have five hypotheses:
(i) weak field (|y|<<c?); (ii) slow speed (Jv|<<c); (iii) static field (gup0=hes0=0
(,4=0,1,2,3)); (iv) spacetime orthogonality (goi=gio=0, (i=1,2,3)); (v) harmonic
coordinates (N(—g)=1).

Under the case of weak-field approximation, y~/".=1 means that the spacetime
of weak gravitational field is approximately flat. Einstein imagined that, since the
spacetime of weak field is approximately flat, Newton’s law of universal gravitation
would approximately be true under the weak-field conditions, and therefore, his
field equation and motion equation in the case of weak field could approximately be
corresponded to Newton’s law of universal gravitation in the form of Poisson
equation. In this way, the coefficient xe of Einstein field equation could be
calibrated or determined with Newton’s gravitational potential y or Newton’s
universal gravitational constant G.

As stated in Chapter 13, the metric g, of curved gravitational spacetime could
be decomposed into the flat metric (Minkowski metric) 7., and the curved metric
h,.; in the case of weak field, it follows that

The condition of weak field: 9, =7,, +h,, (|hﬂv < |77W
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Naturally, in the absence of gravity or gravitational field, g.,=7., and h,,=0.
Therefore, in Einstein’s view, the curved metric h,, (=0) under the conditions
weak-field approximation represented the weak gravitational potential.

It is worth noting that, under the condition (goi=gio=0 (i=1,2,3)) of spacetime
orthogonality, the factor y (Eq. (14.4)) of spacetime transformation in Einstein’s
theory of general relativity would reduce to:

,_dt_ 1 _ 1
Az [gy —V?/c?  1-V?/c? +hy, (14.5)

(goo =N +hoo; Moo El)

Thus, the curved state of gravitational spacetime in Einstein’s theory of general
relativity only depends on the 00-element hoo of the curved metric h,,. Equation
(14.5) shows that, according to Einstein’s logic of weak-field approximation, if
lnooj<<l (weak field) and |v|<<c (slow speed), then y~I.=1, the curved
gravitational spacetime would approximately be flat, and Newton’s law of universal
gravitation would approximately be true. In this way, Einstein’s field equation and
motion equation in curved spacetime could approximately be corresponded to the
Newton’s law of universal gravitation in flat spacetime.

The weak-field approximation is actually Einstein’s linearization theory made
specifically for his theory of general relativity, in particular, for the linearization and
calibration of his field equation.

According to Eq. (14.5), Einstein’s logical way of weak-field approximation
could be designed as follows.

The Logical Program of Weak-Field Approximation

With the goal of calibrating the coefficient ke of Einstein field equation,
according to the Einstein factor y (Eq. (14.5)) of spacetime transformation in the
weak-field situation, based on Einstein’s logic of weak-field approximation, by
linking the curved-metric 00-element hoo with Newton’s gravitational potential y
and the field-equation coefficient g, then the logical deduction program could be
divided into the following two steps.

(i) The first step: the weak-field approximation of Einstein motion equation,
that is, linking the curved-metric 00-element hgo in Einstein’s motion
equation (Eq. (14.3)) with the Newtonian gravitational potential y (hoo~y).

(i) The second step: the weak-field approximation of Einstein field equation:
that is, linking the curved-metric 00-element hgo in Einstein’s field equation
(Eq. (14.2)) with the field-equation coefficient e (hoo~«E).

Finally, under the scene of Newton’s law of universal gravitation, by contrasting
the relations hoo~y and hoo~xe of weak-field approximation, the coefficient xe of
Einstein field equation could be calibrated with Newton’s gravitational potential y or
Newton’s universal gravitational constant G.

The Conditions of Weak-Field Approximation
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As the linearization theory of Einstein’s general relativity, Einstein’s logical
way of weak-field approximation has a set of linearization conditions. According to
the conditions of weak-field approximation stated in Sec. 13.1.3 of Chapter 13, in
addition to the assumption of

(i) The weak field: guv=mum+hu (hul<<|7.4));
Einstein also had to assume

(i) The slow speed: Jv|<<c;

(iii) The static field: g,v.0=0945/0x°=0 or h,, 0=0h,z/0x°=0;

(iv) The spacetime orthogonality: goi=gio=0 (i=1,2,3); and

(v) The harmonic coordinates: Cx#=g% I #“,3=0 (1=0,1,2,3).

Newton’s Gravitational Scene

As described in Sec. 13.1.4 of Chapter 13, in Newton’s gravitational scene, that
is, the scene set by Newton’s law of universal gravitation, there are only two matter
particles M and m at a distance of r in the gravitational spacetime: M is the
gravitational source and the gravitational center, forming the spherically symmetric
gravitational-field, and therefore, the gravitational potential is the same or equal
everywhere on the sphere with the same radius r; m (with the matter density p) is the
object affected by gravity. Let m be located at gravitational potential y, then
according to Newton’s law of universal gravitation: y=—GM/r.

Naturally, in order to be approximately corresponded to Newton’s law of
universal gravitation, Einstein’s field equation or Einstein’s motion equation should
be set up the same gravitational scene as that Newton’s law of universal gravitation.

It should be pointed out again, Newton’s gravitational scene does not mean that
the gravitational field in Newton’s theory of universal gravitation is the so-called
weak field. Actually, in the gravitational scene of Newton’s law of universal
gravitation, the masses of M and m could also be arbitrarily large.

However, as stated in Sec. 13.1.4 of Chapter 13, Einstein’s conditions of
weak-field approximation naturally hold true in Newton’s gravitational scene; in
other words, it was based on Newton’s gravitational scene that Einstein set up his
conditions of weak-field approximation. It should be pointed out that, for the first
condition of the weak field, g..=7.+h. (h,|<<|77.4]) iS not because that Newton’s
gravitational field is the so-called weak field, but that Newton’s gravitational field is
flat spacetime. In Einstein’s view, flat spacetime means weak field.

14.1.4 The Weak-Field Approximation of Motion Equation
Einstein’s motion equation (Eq. (14.3)) in general relativity can be written as:

2\ u a B
X X (4=0123)
dr dr dr (14.6)
u 1 uv 0 .
Faﬂ :Eg (gav,/} +gv/3‘,a _gﬁa,v) (’O-: axgj

What it describes is the geodesic line of the observed object P moving in the curved
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spacetime of gravitational field, which is related with the connection 7#.s, and the
connection 74, is related with the spacetime metric g,..

The Imagination on
the Weak-Field Approximation of Motion Equation

In Einstein’s view, under the conditions of weak-field approximation, the
gravitational spacetime was approximately flat, his motion equation (Eq. (14.6)), the
so-called geodesic line in curved spacetime, would approximately reduce to a
straight line in Euclidean space of Newton’s Gravitational field:

d’r

LI v = 14.7

e x (z j (14.7)
where y is the Newtonian gravitational potential.

In particular, Multiplying the left and right ends of Eq. (14.7) by m, one could
get Newton’s law of universal gravitation in the form of Newton’s second law.

In this way, under the conditions of weak-field approximation, the curved metric
h,., could be related with the Newtonian gravitational potential y.

The Operation on
the Weak-Field Approximation of Motion Equation

The procedure of weak-field approximation for Einstein’s motion equation (Eq.
(14.3) is the linearization procedure of Einstein’s motion equation: the nonlinear
geodesic equation is approximate to a linear equation, or in other words, the curved
geodesic line is approximate to a straight line.

In Einstein’s condition of the weak field: g.=nuthe (Nwl|<<|#wl), Duv
represents the weak gravitational potential, h,, and its derivative of each order are
infinitesimal. Therefore, the connection 7 #.s in the geodesic (Eq. (14.6)) only needs
to reserve the linear term of h,, and ignore the high-order terms.

In this way, the connection 7'“,s in Einstein’s motion equation (Eq. (14.6))
could form an approximate linear relationship with the weak potential h,,:
1
Fff/i :Eg“ (gm/,ﬁ + gvﬁ,a - g/:’a,v)

~ %77 (h., +h,. ~N,,. ) (148)

(g =n"=h"in™ =g, N =n"n"h,)

It is known that dt~=dz under the conditions of weak-field approximation.
According to the condition of slow speed |v'|=|dx'/dt|<<c and x°=ct, it follows that
|ldxi/dz|<<|dx%/dz|. Therefore, it holds that:
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2yu a B
d*x i dx* dx”
dz? dr dr
dixs L dx®dx® dx dx® ) dx®dx dx dx”
=_2+ oo__+ 0y 4 Ok__+ k 4 4
dr dr dr dr dr dr dr dr dr
d’x” dx® dx°
=+l —— =0,12,3
dz? ®dr dr (u )
Equation (14.6) approximately reduces to:
d’x~ dx® dx°
+ I = =0,1,2,3 14.10
dz? ®dr dr (u ) ( )
Based on the condition of static field, it follows from Eq. (14.8) that:

1 1
Iy ~—n" (h +hgo— hOO,v ) = _577/“/ hoo,v

2 0v,0 v0,0

(14.9)

(14.11)
= (7 Ny + 7y ) == 1,
2 0,0 00,i 2 0,i

For the Minkowski metric 7,,, 7°=0 and n"=-1 (i=1,2,3). It follows that:
o1
Iy,=0 and I, :EhOO,i

Thus, the geodesic equation (Eq. (14.6) in curved spacetime splits into two sets
of equations in flat spacetime: independent time and independent space, that is:

(14.12)

dt _, (14.13a)
dz?

d’x' 1 ax°Y .

2 __~h | 2 i=123 (14.13b)
dz_z 2 hOO,l ( de ( )

This split between time and space reminds us of the Galilean transformation. In
the Galilean transformation, time and space are independent of each other:
spacetime splits into independent time and independent space.

In Eqg. (14.13), the time equation (14.13a) suggests that, in the weak
gravitational field, Einstein’s coordinate time-element dt is approximate to
Einstein’s standard time-element d z. So, one could get the solution of Eq. (14.13a):

t=ar+b (14.14)

Appropriately selecting the time unit (let a=1) and calibrating the time (let b=0),
then one would have the conclusion of t=z.

Actually, according to Eq. (14.4) and Eqg. (14.5), it is known that, under the
conditions of the weak field, slow speed, and spacetime orthogonality, the Einstein
factor of spacetime transformation: y=7"(c)~I".=1, i.e., dt~dz.

Therefore, the space equations (Eq. (14.13b)) reduce to:
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d’x ¢ .

—=——V, i=12,3 14.15

=5 Vh, (i=123) (14.15)
The geodesic (Eq. (14.6)) in the curved spacetime X*d(c) reduces to the straight line
of the Cartesian spacetime X“d, (Eq. (14.15)). By contrasting the geodesic (Eq.
(14.15)) in the weak-field approximation and the straight line (Eg. (14.7)) in
Newton’s gravitational field, one would have that:

h,=2Z and g,=1+2% (14.16)
c c
In this way, the curved metric 00-element hgo Of weak gravitational spacetime is
related with the Newtonian gravitational potential: hgo~y.

14.1.5 The Weak-Field Approximation of Field Equation

As shown in Eq. (14.2), Einstein’s field equation can be expressed as:
G.v=keT., where the left end G,, represents the curvature of gravitational
spacetime, and the right end T,, represents the distribution of matter and energy.
The curvature G,, of spacetime and the distribution T,, of matter and energy are
related by the coefficient x& of Einstein field equation.

The Imagination on
the Weak-Field Approximation of Field Equation

On the one hand, the Einstein tensor G, at the left end of Einstein field
equation is related with the spacetime curvature R.,, R, is related with the
connection 7 #,p and I,z is related with the spacetime metric g,., forming the
complicated nonlinear relationship between G, and R, or g,.. On the other hand,
the Einstein tensor G,, at the left end of Einstein field equation and the
energy-momentum tensor T, at the right end of Einstein field equation are related
by the coefficient x of Einstein field equation, forming the simple linear
relationship between G, and T,,.

In Einstein’s view, under the conditions of weak-field approximation, with the
weakening of the gravitational potential, the nonlinear relationship between the
Einstein tensor G, and the spacetime curvature R,, or the spacetime metric g,
would reduce to the approximate linear relationship between G,, and the weak
potential h,,, and the nonlinear Einstein field equation in curved spacetime would
approximately be reduced to the linear field equation in flat spacetime.

Thus, the curved metric h,, under the conditions of weak-field approximation
could be related with the coefficient x& of Einstein field equation.

The Operation on
the Weak-Field Approximation of Field Equation

Multiplying the left and right ends of Eq. (14.2) by g“*, one could get
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1 gﬂvgva — _KEg/llev

uv E L

979, =0, =4 (14.17)
gﬂ" Ryv = R:; =R

g T, =T =T

g"R

where R is the Gaussian curvature, g, is the spacetime metric, and T is the trace of
the energy-momentum tensor T .

Thus, R=x:T, and Einstein’s field equation (14.2) could be rewritten as

1
Ryv = _KE (Tyv - E gvaj (1418)
According to the definition of the spacetime curvature, the Ricci tensor R, is
A pa
Ryv = Ryva
0 . o . oo .o (14.19)
= 67]—'/105 - axa F,uv +Fﬂ{lrdv _Fyvraa

It is thus clear that Einstein’s field equation is a complex system of Nonlinear
partial differential equations and very difficult to calibrate and solve.

Like the weak-field approximation of Einstein motion equation, by means of the
logical way of weak field approximation, removing the high-order small quantities
of the curved metric h,, and reserving the linear term of h,, Einstein’s field
equation and the spacetime curvature R, would approximately be reduced to linear
equations of the curved metric hy,.

From Eq. (14.8), ignoring the high-order terms of the curved metric hy,, the
Ricci tensor R, is approximate to:

o ., 0 .
uv ~ axv r/la _ax_ar/“’ (1420)

From Eg. (14.8), ignoring the high-order terms of the curved metric h,,, the
connection 7 ¥,z is approximate to:
a 1 aff
T =5n (h,s, +h

1( 0 0 o
S G S
2(6xv " okl V*’)

By substituting « for vin Eq. (14.21), one could get 7"%,, from 1%,

pva hvuv/?)

(14.21)
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2lox * ox* ox M) 20x”
Thus, Eq. (14.20) could be rewritten as
10 0 10(0 0 0
==——h-= h* + —h* ———n“h
20" ox* 20x* (axv roooxt axﬂ?7 V")
1o o “h (14.23)

T2 o T

_li( 0 ha_lihj_li( O e L0 hj
20x"\ox* 4 2 oxt 2 ox* \ ox* 2 ox’

According to the condition of harmonic coordinates (see Sec. 13.1.3 of Chapter

13), the formula of harmonic coordinates could be written as CIx#=g*I*,3=0.
Based on the theory of linearization for weak-field approximation, such a
normalized condition is equivalent to [13°:

O e 10,
x 2t
Therefore, under the conditions of weak field approximation, the curvature R,
could further be reduced to:

10 0
= — ah
W ol T
. .. - (14.25)
=—oh o=——n% =——-V?
2 { x o j

where the symbol “o” is d” Alembert operator of the optical observation agent
OA(c), A=V? is Laplace operator.

It should be pointed out that, originally, Laplace operator A=V? is a
second-order partial differential operator in the 3d Cartesian space; while the 4d
Minkowski spacetime extends it from 3d space to 4d spacetime, that is, the so-called
d’ Alembert operator. Actually, the d” Alembert operator “c” is only a second-order
partial differential operator in the 4d observational spacetime X*d(c) of the optical
agent OA(c). The theory of OR further extends it to that in the 4d observational
spacetime X*d(n) of the general observation agent OA(7) (see Sec. 5.5 D’ Alembert
Operator in OR Theory in Chapter 5).

According to Eq. (14.25), Einstein’s nonlinear gravitational-field equation (Eq.
(14.2)) is ultimately linearized by the weak-field approximation as:

0 (14.24)

1 1
Euh"v =—K; (Tw . gvaj (14.26)
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In this way, the curved metric 00-element hgo of weak gravitational spacetime is
related with the coefficient & of Einstein field equation: hoo~x&.

14.1.6 Calibrating the Coefficient xe of Field Equation

Einstein expected that the linearized field equation (14.26) of weak-field
approximation could approximately be corresponded to Newton’s law of universal
gravitation in the form of Poisson equation.

In Einstein’s view, in Newton’s gravitational scene (see Sec. 10.2 in Chapter 10),
the larger matter particle M makes the surrounding spacetime curved, and the
smaller matter particle m moves in the curved spacetime. Let the 3d speed (or 3d
Proper Speed) of m be v=(v1,v2v3) (v'=dx'/dt (i=1,2,3)), and the 4d speed (or
Four-Speed) be u=(u®u*,u?,u®) (u#=dx#/dr (1#=0,1,2,3)). Then, under the conditions
of weak-field and slow-speed, dt~dz, 9.~ 7., and |v|<<c, it follows that

ge 2O dx_[Vv=c u=0
dr  dt  |vi=0 w=i=123
T = putu” (14.27)
T, = £0,,0,U0” ~ pc’n,om,0  (Too = pC°)
T=T,=puu, = pc?

where the gravitational spacetime belongs to the observational spacetime X*d(c) of
the optical observation agent OA(c) with the time axis x°=ct; p is the material
density of the matter particle m, T, is the energy-momentum tensor of the matter
particle m in the observational spacetime X*(c) of OA(c), and T is the trace of T,,.

It should be pointed out that the concept of Four-Speed comes from Einstein’s
theory of special relativity and is the extension of the concept of 3d speed or 3d
proper speed from the 3d Cartesian space to the 4d Minkowski spacetime. Actually,
the concept of Einstein’s four-speed is only the speed concept of the 4d
observational spacetime X*d(c) of the optical agent OA(c). The theory of OR has
further extended the concept of four-speed to that of the 4d observational spacetime
X%(n) of the general observation agent OA(7) (see Sec. 5.4 The Four-Speed in OR
Spacetime in Chapter 5).

Under the conditions of weak-field and slow-speed, the four-speed of m (the
observed object P) is u=(c,0,0,0), and therefore, as shown in Eq. (14.27), the
energy-momentum tensor T, of m reduces to a scalar: Too.

Thus, the field equation (Eq. (14.18) and Eq. (14.26)) could be rewritten as:

1 1
Ryv ~ _KE (Tyv - E U;szj = _E KET005/1V

2
Dh,uv ~ _KET005 = _KEpC 5/11/

uv

(14.28)

where J,,, is Kronecker tensor.
Under the conditions of weak-field and slow-speed, d” Alembert operator “o” of
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the optical agent OA(c) is approximate to —A (see Sec. 5.5 in Chapter 5):

2
chfw_vz ~_V? = _A (14.29)

According to Eq. (14.16), Eq. (16.28), and Eq. (14.29), one could get that

ohy, =~k pC®  Or  Ahy = K pC’ (hoo = ZZ/CZ)
(14.30)

2 1 4

so that V }(ZEKE,OC

So, by contrasting Eq. (14.30) with the Poisson-equation form of Newton’s law
of universal gravitation: V2y= 47Gp, one could get the coefficient x& of Einstein’s
field equation:

_ 872G

E c

Einstein linearized his field equation and his motion equation by the logical way
of weak-field approximation, so that he could calibrated the coefficient x& of his
field equation by the approximate correspondence between Einstein’s equation of
gravitational field and Newton’s law of universal gravitation in the form of Poisson
equation. In this way, Einstein’s field equation had been built up finally.

Obviously, Einstein’s logical way of weak-field approximation played an
important role in the calibration of Einstein field equation and even in the
establishment of Einstein’s theory of general relativity. Afterwards, Einstein also
applied the logical way of weak-field approximation to solve his field equation.

14.2 GOR Field Equation and GOR Motion Equation

Beyond doubt, Einstein’s gravitational-field equation is the most important
formula in Einstein’s theory of general relativity and the core of Einstein’s theory of
general relativity. Likewise, the GOR gravitational-field equation will be the most
important formula in the theory of Gravitationally Observational Relativity (GOR)
and the core of the theory of GOR.

Like Einstein’s field equation, the establishment of GOR gravitational-field
equation in the theory of GOR, involves two tasks:

(i) The deduction of the logical form of GOR field equation;

(if) The calibration of the coefficient of GOR field equation.

It is said that Einstein ever sighed that, it only took him five weeks to establish
the theory of special relativity, while the theory of general relativity took him ten
years. It can be speculated that Einstein’s field equation took up most of the time.

However, taking advantage of the principle of general correspondence (GC), it
will not take us ten years to establish the GOR gravitational-field equation.

14.2.1 The GOR Field Equation
Under the principle of GC, through PGC logic route 1, directly substituting the

(14.31)
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information-wave speed 7 of the general observation agent OA(#7) for the light
speed c in Einstein’s field equation (Eqg. (14.2)) including that in the coefficient xe
(Eq. (14.31), one could extend Einstein’s field equation from the optical agent OA(C)
to the general observation agent OA(7), and transform Einstein’s field equation into
the GOR gravitational-field equation:

1 87G
RHV (77) - E g,tlv R = _KGORT,UV [KGOR = 7] (1432)

where xcor is the coefficient of GOR field equation.

It is worth noting that, unlike Einstein’s field equation, in the GOR field
equation, the Ricci tensor R,,=R,.(7), the spacetime metric g..=g..(7), the
Gaussian curvature R=R(#), the energy-momentum tensor T,,=T,.(#), and the
field-equation coefficient xcor=xcor(7), all depend on the information-wave speed
n of the general observation agent OA(r), rather than the light speed c.

Under the principle of GC, through PGC logical route 1, we do not even have to
spend time calibrating the coefficient xgor 0f GOR field equation (Eq. (14.32)).

Naturally, under the principle of GC, through PGC logical route 2, we could
transform Einstein’s three principles in his general relativity: (i) the principle of
equivalence, (ii) the principle of general covariance, and (iii) the principle of the
invariance of light speed, into the GOR three principles: (i) the principle of
equivalence; (ii) the principle of general covariance; (iii) the principle of the
invariance of information-wave speeds. Then, by analogizing or following the logic
of Einstein’s general relativity, and starting from the GOR three principles, we also
could logically and theoretically deduce the gravitational-field equation of GOR
theory, which must be the same as Eq. (14.32).

Obviously, the GOR field equation of Eq. (14.32) is isomorphically consistent
with the Einstein field equation of Eq. (14.2). Moreover, it is worth noting that, if
n=c, the GOR field equation is exactly the Einstein field equation, where xcor=xe
is exactly the coefficient x& of Einstein field equation.

So, the GOR field equation will generalize Einstein’s field equation.

14.2.2 The GOR Motion Equation

As we know, Einstein ever imagined that his theory of general relativity should
contain two basic equations: one is the field equation; the other is the motion
equation. It was later found that the field equation and the motion equation are
equivalent 1371381 Now that they are equivalent, Einstein’s field equation and
motion equation have the same value and significance. In particular, as stated in Sec.
14.1, the calibration of the coefficient x& of Einstein field equation needs the support
of Einstein’s motion equation.

In the same logic, the theory of GOR should also have two fundamental
formulae that are mutually equivalent: one is the GOR field equation; the other is the
GOR motion equation.

Naturally, like the GOR field equation, under the principle of GC, through the
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PGC logic route 1, directly substituting the information-wave speed 7 of the general
observation agent OA(r7) for the light speed c in Einstein’s motion equation (Eq.
(14.3)), one could extend Einstein’s motion equation from the optical agent OA(c) to
the general observation agent OA(7), and transform Einstein’s motion equation into
the GOR motion equation:

dox o, dxe dx”

?'F aﬂ(ﬂ)ggzo (,u:0,1,2,3) (1433)

where, in particular, unlike Einstein’s motion equation, in the GOR motion equation,
the connection 7%,=I"y5(n7) and the time axis x°=nt depend on the
information-wave speed 7 of the general observation agent OA(7), rather than the
speed c of light in vacuum.

Naturally, under the principle of GC, through PGC logical route 2, we could
transform Einstein’s three principles of general relativity: (i) the principle of
equivalence, (ii) the principle of general covariance, and (iii) the principle of the
invariance of light speed, into the GOR three principles: (i) the principle of
equivalence; (ii) the principle of general covariance; (iii) the principle of the
invariance of information-wave speeds. Then, by analogizing or following the logic
of Einstein’s general relativity, and starting from the GOR three principles, we also
could logically and theoretically deduce the motion (or geodesic) equation of GOR
theory, which must be the same as Eq. (14.33).

Obviously, the GOR motion equation of Eq. (14.33) is isomorphically consistent
with the Einstein motion equation of Eq. (14.3). Moreover, it is worth noting that, if
n=c, the GOR motion equation is exactly the Einstein motion equation.

So, the GOR motion equation will generalize Einstein’s motion equation.

14.2.3 The Problem about
the Calibration of GOR Field Equation

Now, under the principle of GC, through PGC logical routes 1 and 2, we have
established the gravitational-field equation of GOR theory (Eq. (14.32)) and the
motion equation of GOR theory (Eq. (14.33)). The remaining problem is how to
calibrate the coefficient xcor=xcor(77) of GOR field equation and firmly establish
the GOR field equation.

The simplest or most convenient way to calibrate the GOR field equation is that,
under the principle of GC, through PGC logic route 1, directly substituting the
information-wave speed 7 of the general observation agent OA(#7) for the light
speed c in the coefficient xe=87G/c* of Einstein field equation, one could get the
coefficient xoor=87G/n* of GOR gravitational-field equation.

However, it should be pointed out that, in that way, we might pay a price for the
logical simplicity or convenience, fail to correctly understand Einstein’s logic of
weak-field approximation, fail to correctly understand Einstein’s gravitational-field
equation and Newton’s law of universal gravitation, fail to correctly understand of
Einstein’s theory of general relativity and Newton’s theory of universal gravitation,
and fail to correctly recognized the essence of gravitational relativistic effects.
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To avoid knowing the result but not knowing the reason, the theory of GOR
does not intend to simply copy the coefficient xe=87G/c* of Einstein field equation
and to directly get the coefficient xsor=87G/n* of GOR field equation by
substituting # for ¢ through PGC logic route 1.

Moreover, the theory of GOR does not intend to follow the Einstein’s logical
way of weak-field approximation to deduce the GOR field equation and calibrate the
GOR field-equation coefficient xcor=xcor(#7). Under the theorem of Cartesian
spacetime, the theory of GOR strives to deduce the GOR field equation and calibrate
the GOR field-equation coefficient xcor=xcor(7) through the GOR logical way of
idealized convergence that is stated and conceived in Chapter 13.

14.3 The GOR Ildealized Convergence
vs Einstein’s Weak-Field Approximation

No matter Einstein’s theory of general relativity or the theory of GOR, the
calibration of its gravitational-field equation has to employ certain logical way to
correspond the field equation in curved spacetime to Newton’s law of universal
gravitation in flat spacetime. The difference is that: Einstein’s theory of general
relativity employed the logical way of weak-field approximation; while the theory of
GOR will employ the logical way of idealized convergence.

Based on the theorem of Cartesian space-time, Chapter 13 specifically examines
Einstein’s logic of weak-field approximation and designs the GOR logical way of
idealized convergence. Here, we will further sort it out. In particular, by further
analyzing the logical flaws of the weak-field approximation, we could correctly
understand Einstein’s weak-field approximation; by further analyzing the condition
of idealized convergence, we could properly apply the GOR logical way of idealized
convergence to deduce the GOR gravitational-field equation and calibrate the GOR
field-equation coefficient xcor.

14.3.1 The Logic Flaws of Weak-Field Approximation

In Einstein’s theory of general relativity, in order to correspond the Einstein
field equation in curved spacetime to Newton’s law of universal gravitation in flat
spacetime, Einstein conceived and designed the logical way of weak-field
approximation, intended to flatten the curved gravitational spacetime to let the
spacetime metric g..~n. or the spacetime-transformation factor y~I.=1. In this
way, Einstein’s field equation could be corresponded to Newton’s law of universal
gravitation in the form of Poisson equation.

According Einstein’s factor of gravitational spacetime transformation:
1

(«/1+ 2y/c -y, v‘/c)2 —v?/c? (14.34)

lim  y(vx7)=1=1,

v—=0, y—0, ;>0

r=r(v.x.n)=
|

we know that, the speed ¢ of light is a cosmic constant, the Galilean factor I.=1
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represents the flat Cartesian spacetime, including the flat Newtonian gravitational
field, such as the gravitational scene in Newton’s law of universal gravitation.

Equation (14.34) shows that, to make y=1, it is required that v=0 and y=0.
However, v=0 and =0 are trivial: no matter motion and no matter interaction. So,
for the gravitational spacetime in his theory of general relativity, Einstein had to
compile the logical way of weak-field approximation and assume: (i) the weak field
(lxl<<c?); (ii) the slow speed (jv|<<c); (iii) the static field (gas0=hes0=0
(,4=0,1,2,3)); (iv) the spacetime orthogonality (goi=gio=0, (i=1,2,3)); (v) the
harmonic coordinates (V(-g)=1). In this way, y=~/.=1, the curved gravitational
spacetime could approximately be flattened.

This is Einstein’s logic of weak-field approximation.

Einstein’s logical way of weak-field approximation seemed to be valid or
effective. By means of the weak-field approximation, Einstein had corresponded his
field equation to Newton’s law of universal gravitation in the form of Poisson
equation and had calibrated the coefficient of the field equation: xe=87zG/c*. In this
way, Einstein had finally established his gravitational-field equation.

However, the logical flaws of Einstein’s weak-field approximation mislead
physics and Einstein himself.

The theory of GOR repeatedly emphasizes that Einstein’s theory of general
relativity is the gravitational theory of the optical agent OA(c), while Newton’s
theory of universal gravitation is the gravitational theory of the idealized agent
OA(#). Therefore, there is no direct corresponding relationship between them. By
means of the weak-field approximation, the theoretical model of the optical agent
OA(c) is weakly linked to the theoretical model of the idealized agent OA.,, which is
the root of the logical flaws of Einstein’s weak-field approximation.

As stated in Sec. 13.1 Einstein’s Logic of Weak-Field Approximation of
Chapter 13, actually, both the slow-speed approximation and the weak-field
approximation reflect Einstein’s mistaken understanding of the essence of
relativistic effects or relativistic phenomena. Limited by the perspective of the
optical agent OA(c), Einstein mistakenly believed that: the essence of inertial
relativistic effects lies in matter motion; the essence of gravitational relativistic
effects lies in gravitational interaction between matter and matter.

It is such mistaken understanding of the essence of relativistic effects or
relativistic phenomena that gave birth to Einstein’s logical way of weak-field
approximation. Conversely, Einstein’s logical way of the weak-field approximation
further strengthens the mistaken understanding of the essence of gravitational
relativistic effects or gravitational phenomena in the physics community. Up to now,
the mainstream school of physics still insist that Newton’s law of universal
gravitation is only the weak-field approximation of Einstein’s gravitational-field
equation, and Newton’s theory of universal gravitation is only the weak-field
approximation of Einstein’s theory of general relativity, holding true only in the case
of macroscopic, slow-speed, and weak-field.

The logical flaws of Einstein’s logical way of weak-field approximation are
further amplified in Einstein’s theory of general relativity: the information wave that
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loads the information of gravitational spacetime is mistaken for gravitational wave.
With no prior knowledge about gravitational radiation, solely relying on the
weak-field equation, Einstein had predicted the specious gravitational wave
according to his theory of general relativity. And surprisingly, the speed of
gravitational waves predicted by Einstein was exactly the speed c of light.

The theory of GOR strives to make the gravitational theory in physics bakd to
the correct logical way: following the correct logical way, correctly deduce the GOR
gravitational-field equation, correctly understand gravitational relativistic effects,
including gravitational deflection, gravitational redshift, Mercury’s anomalous
perihelion shift, and Einstein’s gravitational wave.

14.3.2 The GOR Logic of Idealized Convergence

Einstein’s theory of general relativity is the gravitational theory of the optical
agent OA(c); Newton’s theory of universal gravitation is the gravitational theory of
the idealized agent OA... OA(c) and OA., has no direct corresponding relationship.

The theory of GOR is the gravitational theory of the general agent OA(#).

Under the principle of GC, the theory of GOR could strictly correspond to
Einstein’s the theory of general relativity: if n=c, then OA(#) is the optical agent
OA(c), and the theory of GOR strictly reduces to Einstein’s theory of general
relativity; the theory of GOR could strictly correspond to Newton’s the theory of
universal gravitation: if n—o0, then OA(#) is the idealized agent OA., and the
theory of GOR strictly reduces to Newton’s theory of universal gravitation.

According to the theorem of Cartesian spacetime, as 7n—, the curved
gravitational spacetime X*d(7) of OA(#n) strictly converges to the flat Cartesian
spacetime X%, of OA.. Therefore, under the idealized agent OA., the GOR
gravitational-field equation could strictly correspond to Newton’s law of universal
gravitation in the flat Cartesian spacetime X*d... In other words, as 7— oo, the GOR
field equation could converge to Newton’s law of universal gravitation in the form
of Poisson equation. This is the logic or ideological foundation of the GOR logical
way of idealized convergence.

The theory of GOR has conceptualized and designed the logical way of
idealized convergence based on the theorem of Cartesian spacetime in Chapter 13.
The GOR logical way of idealized convergence has set up the condition of idealized
convergence: the information-wave speed 7 of the general observation agent OA(7)
is large enough or n—oo. Here, we will briefly sum up the idealized convergence
and further compare the GOR idealized convergence with Einstein’s weak-field
approximation, so that we could properly apply the idealized convergence to deduce
and calibrate the GOR gravitational-field equation.

Similar to Einstein’s theory of general relativity, the theory of GOR needs to
deduce and calibrate the gravitational-field equation by corresponding the GOR field
equation to Newton’s law of universal gravitation in the flat Cartesian spacetime
X4d,.. Therefore, the theory of GOR needs to flatten the curved spacetime X*¢(7) of
the general observation agent OA(7): to make the spacetime metric g.(77)=1.. Or
the spacetime-transformation factor 77(#7) =1 .
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By observing the OR factor of spacetime transformation:
1

VN2 5 ) v (1439

vV, 1,7 (i=123) limI(n)=1=I,
n—o®

we know that, in essence, the OR factor 7"=7"(#) depends on the information-wave
speed 7 of the general observation agent OA(#), rather than v, 7, 7 (i=1,2,3).

Equation (14.35) suggests that, if 7—, then the observation agent OA(7)
converges to the idealized agent OA.., and the curved gravitational spacetime X*d(7)
converges to the flat Cartesian spacetime X49,..

Actually, according to the theorem of Cartesian spacetime: g..(77)— . as
n—o, which means that, under the idealized observation agent OA., the
gravitational spacetime metric g,..(7) of the general observation agent OA(7)
converges to the Minkowski metric 7,,. The theorem Cartesian spacetime has more
clearly clarified that the gravitational spacetime X%, of the idealized agent OA.. has
the characteristic of flat spacetime and lays the theoretical foundation for the GOR
logical way of idealized convergence under the idealized agent OA...

Naturally, the gu.(77)—> 7., as p— of the Cartesian-spacetime theorem is
consistent or equivalent with the I"(n7) > I'» as n— o of the OR factor of spacetime
transformation in Eq. (14.35).

There is an important corollary from Lemma 13.1 of the theorem of Cartesian
Spacetime, that is, Corol. 13.1 (see Sec. 13.2 in Chapter 13): goi=gio=0 (i=1,2,3) as
n— o0, Which suggests that, under the idealized agent OA., or under the condition of
GOR idealized convergence, spacetime is orthogonal. So, in the Cartesian spacetime,
or in the objectively real spacetime (including Newton’s gravitational field), space
and time are originally orthogonal or independent of each other.

It is worth noting that, in the case of orthogonal spacetime (goi=gio=0 (i=1,2,3)),
the OR factor 7~ of spacetime transformation (Eq. (12.35)) reduces to:

r=r(n)=dt(n)/dz
1

) .
gy, dx Uoi G | OX' dx* 14.36
\/[ O * ,_go dxo] +(gik_ (:}] Ok)dxo dx® ( )
00 00

i \/g j-V2/772 i \/1_\/2/1772 +h (goo (1) =110 + oo (17): 7700 El)

So, the curved state of GOR gravitational spacetime only depends on the
00-element hoo of the curved metric hy,.

It is worth noting that, in Einstein’s theory of general relativity, the spacetime
orthogonality is a hypothetical condition of Einstein’s weak-field approximation as a
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linearization method. However, in the theory of GOR, the spacetime orthogonality is
a logical consequence of the theorem of Cartesian spacetime and the condition of
idealized convergence, and in particular, is the essential characteristic of the
objectively real spacetime.

According to the theorem of Cartesian spacetime, under the condition of
idealized convergence, it must be true that: |hoo|<<1 and |v|<<#. According to the
spacetime-transformation factor (Eq. (14.35)) in orthogonal spacetime, 7" (7)—>7 - as
n—oo, the curved gravitational spacetime X*d(7) of the observation agent OA(7)
tends to be flat, and therefore, Newton’s law of universal gravitation holds true. In
this way, the GOR field equation and the GOR motion equation could correspond to
Newton’s law of universal gravitation in the form of Poisson equation.

The GOR logical way of idealized convergence is the linearization theory of
GOR theory for processing the GOR field equation and the GOR motion equation.
According to Eq (14.36), by analogizing Einstein’s logical way of weak-field
approximation, the GOR logical way of idealized convergence under the idealized
observation agent OA., could be conceived or designed as follows.

The Logical Program of Idealized Convergence

With the goal of calibrating the coefficient xcor of GOR field equation,
according to the GOR factor 7" (Eq. (14.36)) of spacetime transformation in the
idealized observation situation, based on the GOR logic of idealized convergence,
by linking the curved-metric 00-element hgo with Newton’s gravitational potential y
and the field-equation coefficient xcor, then the logical deduction program could be
divided into the following two steps.
(i) The first step: the idealized convergence of GOR motion equation, that is,
linking the GOR curved-metric 00-element hgo in the GOR motion equation
(Eg. (14.33)) with the Newtonian gravitational potential y (hoo~).

(ii) The second step: the idealized convergence of GOR field equation, that is,
linking the GOR curved-metric 00-element hgg in the GOR field equation
(Eq. (14.32)) with the field-equation coefficient xcor (hoo~kGoR).

Finally, under the scene of Newton’s law of universal gravitation, by contrasting
the relations hoo~y and hoo~xcor Of idealized convergence, the coefficient xcor Of
GOR field equation could be calibrated with Newton’s gravitational potential y or
Newton’s universal gravitational constant G.

The Condition of Idealized Convergence

The theorem of Cartesian spacetime and Eq. (14.35) mean that the theory of
GOR only needs to set n— o to satisfy 7"(77)=I% and g..(7)=1.. Therefore, the
theory of GOR does not need to make the assumption of weak-field approximation.
As stated in Sec. 13.3 The GOR Logical Way of Idealized Convergence of
Chapter 13, the GOR logical way of idealized convergence is based on the theorem
of Cartesian spacetime and only has one hypothetical condition, i.e., the so-called
condition of idealized convergence.

The Condition of Idealized Convergence: The information-wave speed 7 of
the observation agent OA(#) is large enough or 7—o.
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As clarified in Sec. 13.3 of Chapter 13, based on the theorem of Cartesian
spacetime, under the condition of idealized convergence: n is large enough or
n—o, the conditions of Einstein’s weak-field approximation, including

(i) The weak field: |¥|<<n? (or 9uv=nu+hu (N<<|770));

(if) The slow speed: |v|<<z;

(iii) The static field: g,,0=0945/0x°=0 or h,,0=0h,z/0x°=0 (x°=nt);
(iv) The spacetime orthogonality: goi=gio=0 (i=1,2,3); and

(v) The harmonic coordinates: CIx“=g* I “,3=0 (1=0,1,2,3),

all hold true. Therefore, based on the condition of idealized convergence: 7 is large
enough or n—oo, by analogizing Einstein’s logic of weak-field approximation, the
theory of GOR could calibrate the coefficient xzor 0f GOR field equation.

Newton’s Gravitational Scene

Similar to Einstein’s theory of general relativity, in order to be corresponded to
Newton’s law of universal gravitation, the GOR field equation and the GOR motion
equation should be set with the same gravitational-interaction scene as that of
Newton’s law of universal gravitation.

Chapter 10 has defined the GOR gravitational scene in Sec. 10.2, that is, the
Newton’s gravitational-interaction scene set by Newton in Newton’s law of
universal gravitation (see Sec. 13.1.4 of Chapter 13).

It should be pointed out that, as repeatedly stressed, Newton’s gravitational
scene is the gravitational field under the idealized observation agent OA(n),
represents the objectively gravitational spacetime, and therefore, does not mean
weak gravitational fields.

Now, there is no need to limit the gravitational spacetime to weak gravitational
fields. The theory of GOR will follow the GOR logic of idealized convergence
based on the theorem of Cartesian spacetime and the condition of idealized
convergence: 7 is large enough or n—oo, corresponding the GOR field equation to
Newton’s law of universal gravitation in the form of Poisson equation. In this way,
the theory of GOR could deduce the GOR gravitational-field equation and calibrate
the GOR field-equation coefficient xcor.

14.4 The Idealized Convergence of GOR Motion Equation
The GOR motion equation (14.33) can be written as:

d*x“ dx® dx”
—_— “ —=0 =0,12,3
dr? " aﬁ(ﬂ) dr dr (,u )

) =59" (8. +9,, -9 )

(14.37)

where, it is worth noting that, unlike Einstein’s motion equation, in the GOR motion
equation, the connection 7*,s=1*45(1n), the spacetime metric g..=d.(7), and the
time axis x°=nt, all depend on the information-wave speed 7 of the general

120



observation agent OA(#), rather than the speed c of light in vacuum.

Like Einstein’s motion equation, the GOR motion equation represents the
geodesic line of the observed object P moving in curved gravitational spacetime.
The difference is that Einstein’s motion equation belongs to the optical agent
observation OA(c), while the GOR motion equation belongs to the general
observation agent OA(7).

The Imagination on
the Idealized Convergence of GOR Motion Equation

Actually, the idealized convergence of GOR motion equation is to drive the
idealized-agent form of GOR motion equation under the condition of idealized
convergence: the information-wave speed 7 of OA(#) is large enough or 7—o.

Naturally, under the condition of idealized convergence: # is large enough or
n—oo, gravitational spacetime tends to be flat, the geodesic line in curved spacetime
(Eq. (14.37)) reduces to the straight line of Newton’s law of universal gravitation in
the flat Cartesian space:

2
The straight line (Eq. (14.7)) % =-Vy (;{ = _%j
r

Multiplying the left and right ends of Eq. (14.7) by m, one could get Newton’s law
of universal gravitation in the form of Newton’s second law.

r r
, , (14.38)
d°r d°r oV
F:ma:m—2 a=—2,F=——
dt dt or

where y is the Newtonian gravitational potential, V is the Newtonian gravitational
energy, and F is gravity or universal gravitation.

In this way, under the condition of idealized convergence, the curved metric h,,
could be related with the Newtonian gravitational potential .

The Operation on
the Idealized Convergence of GOR Motion Equation

The GOR motion equation of the general observation agent OA(7) has
generalized Einstein’s motion equation of the optical observation agent OA(c):
Einstein’s motion equation holds true only if OA(77)—>0A(c) as n7—c.

One could imagine the case of GOR motion equation under the idealized
observation agent OA.,, where the information-wave speed ; of OA(7) were large
enough or 7—o0, OA(7)—0A., the curved observational spacetime X*d(7) of OA(7)
would reduce to the flat Cartesian spacetime X, of OA..,, the GOR geodesic line
(Eq. (14.37)) would reduce to the straight line (Eq. (14.7)) in Cartesian spacetime.
Here, the idealization procedure of the observation agent OA(#) is the linearization
procedure of GOR motion equation: as 7—o0, the nonlinear GOR geodesic equation
is transformed into the linear equation.
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Under the condition of idealized convergence: 7 is large enough or n—oo, the
gravitational-spacetime metric g,.(7)=7+huw(7) (hw|<<|7w]), v and its derivative
of each order become infinitesimal. Therefore, the connection 7“5 in the GOR
geodesic equation (14.37) only needs to reserve the linear term of the curved metric
h,v and ignore the high-order terms:

r(n)= % 9” (gav,ﬂ T 90 = Ypan )
- %,7 (., +h,. =N, ) (14.39)

(9" =n" —h"im" =n,, 0" ="n"h,,)

If the information-wave speed 7 of OA(#) is large enough or 7—oo, then dt=dr
and |v'|=|dx'/dt|<<n; since x°=nt, |dx\/dz|<<|dx%/dz]. So, it follows that

2 u B
d x2 oI ( )dx dx
dr dr dr
2 u i k
_ d x2 e 3 dx® dx° LS dx' dx° ™ e X dx® dx* +Fi;‘dldi (14.40)
dr dr dr dr dr dr dr dr dr
2 u
I (u=0129)
Thus, the GOR geodesic equatlon (14.37) reduces to:
ZXZ w (1 )didi: (#=0123) (14.41)
T

If the information-wave speed 7 of OA(#) is large enough or 7n—oo, then
0lmot=0 and gup,0=0094s/0x°=0h 45l 0X°=0h 45/ 70t°=0. So, it follows from Eq. (14.39):

3 1 v 1 v
I (77) = 577/1 (howo + hvo,o - hOO‘v ) = _577# hOO,v

l i 1 i
= _E(nﬂohoo,o +n' hOO,i ) = _577# hoo.

For the Minkowski metric 77,,, 7°'=0 and 77“:—1 (i=1,2,3). It follows that:

(14.42)

ro(m)=0 and I(n)==h,, (14.43)

Thus, the GOR geodesic equation (14.37) spllts into two sets of equations in the
Cartesian spacetime X*%.: independent time and independent space, that is:

d’t

- (14.443)
dr
d?x 1 Y .

=——h | = =1,2,3 (14.44b)
dz? Zhoo"(dz') (i )

This split between time and space is exactly the characteristic of the Galilean
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transformation: in the Cartesian spacetime X*., time and space are independent of
each other.

In Eq. (14.44), the time equation (14.44a) suggests that, in the Cartesian
spacetime X%, the GOR observational (observed) time-element dt is equivalent to
the intrinsic time-element dz. So, one could get the solution of Eq. (14.13a):

t=ar+b (14.45)

Appropriately selecting the time unit (let a=1) and calibrating the time (let b=0),
then one would have the conclusion of t=z.

This has the same meaning as that in the Galilean transformation, where the
times t and t’ of the observers O and O’ are the same: t=t'.

This is the same conclusion as the theorem of Cartesian spacetime: dt=dz.
Therefore, in Eq. (14.44), the space equations (Eq. (14.44b)) reduce to:

d’x' n’ .
=-L-Vvh i=123 14.46
dt? 2 " ( ) ( )
Under the idealized observation agent OA., the GOR geodesic line (Eq. (14.37)) in
the curved spacetime X*d(77) of OA(7) reduces to the straight line (Eq. (14.46)) in
the Cartesian spacetime X*,, of OA... By contrasting the straight line (Eq. (14.46))

in the Cartesian spacetime X*d, and the straight line (Eq. (14.7)) in Newton’s
gravitational field, one would have that:

2 2
hy (1) =77—;f and g, (7) =1+77—’f (14.47)

In this way, the curved metric 00-element hgo in the GOR gravitational
spacetime X4*d(7) of the general observation agent OA(7) is related with the
Newtonian gravitational potential: hgo~.

14.5 The ldealized Convergence of GOR Field Equation

The GOR field equation (Eq. (14.32): G..(n)=xcorT (1)) is isomorphically
consistent with Einstein field equations (Eq. (14.2): G,,=x&T..); Similarly, it could
be interpreted in accordance with the logic of Einstein field equation: the left end
G.v(7) represents the curvature of GOR gravitational spacetime, and the right end
T.(m) represents the distribution of matter and energy in GOR gravitational
spacetime. The curvature G, of gravitational spacetime and the distribution T, of
matter and energy are related by the coefficient xcor 0f GOR field equation.

The difference is that Einstein’s field equation belongs to the optical observation
agent OA(c), while the GOR field equation belongs to the general observation agent
OA(7). The GOR field equation has generalized Einstein’s field equation, while
Einstein’s field equation is only a special case of GOR field equation, which holds
true only if the observation agent OA(#) is the optical agent OA(c).

The Imagination on
the ldealized Convergence of GOR Field Equation
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One could imagine the case of GOR field equation under the idealized
observation agent OA., where the information-wave speed n of OA(7) were large
enough or 7—o0, OA(7)—0A., the curved observational spacetime X*d(7) of OA(7)
would reduce to the flat Cartesian spacetime X4, of OA.,, the GOR field equation
(Eq. (14.32)) would reduce to Newton’s law of universal gravitation in the form of
Poisson equation. Here, the idealization procedure of the observation agent OA(7) is
the linearization procedure of GOR field equation: as 7—x, the nonlinear GOR
field equation is transformed into the linear Poisson equation.

In this way, under the condition of idealized convergence, the curved metric h,,
could be related with the coefficient xgor 0f GOR field equation.

The Operation on
the Idealized Convergence of GOR Field Equation

Multiplying the left and right ends of Eq. (14.32) by g, one could get
v 1 v 1%
g/” Ruv(n)_ig# gva:_KGORgH T,uv

99, =0, =4 (14.48)
gﬂvRyv = Rf; =R
g T, =TF=T

where R,,=R,.(7) is the Ricci tensor under OA(7), R=R(#n) is the Gaussian
curvature of OA(7), 9.~9.(7) is the spacetime metric under OA(7), T,=T . (7) IS
the energy-momentum tensor under OA(#), and T=T(#) is the trace of T,..(#).

Thus, R=xcorT, and the GOR field equation (14.32) could be rewritten as

1
R,u\/ (n) = _KGOR (Tyv - E gnyj (1449)
According to the definition of the spacetime curvature, the Ricci tensor R, is

R (1) =R,
o o .o o (14.50)
Y I, o + L =1,
This means that the GOR field equation of the general observation agent OA(7) is a
nonlinear partial differential equation of the metric tensor g..(7) of the general
observation agent OA(7).

Under the condition of idealized convergence: 7 is large enough or n—oo, the
curved metric hy(77) and its derivative of each order become infinitesimal.
Therefore, by reserving the linear term of the curved metric h,, and ignoring the
high-order terms, the spacetime curvature R,.(77) under OA(7) and even the GOR
field equation could be reduced to linear relations of hy, (7).

Under the condition of idealized convergence: 7 is large enough or 7—o,
according to Eq. (14.39), ignoring the high-order terms of hy, (), the Ricci tensor
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R.v(77) under OA(7) reduces to:

0 0
R = re —re 1451

(1) ox’ * ext M ( )
Under the condition of idealized convergence: 7 is large enough or 7—o,

according to Eq. (14.39), ignoring the high-order terms of hy,.(7), the connection
I%,,(n) under OA(7) reduces to:

a 1 Q
Fﬂ" (77) :EU ! (hﬂﬂv" + hﬂvyu _hvxtﬁ)
14.52
_1 0 ha+iha_i “Bh ( :
2\ ek T T
By substituting « for vin Eq. (14.52), one could get 7%, from 77%,,:
1—-;1 (77):&( a ha+iha_inaﬁh j
“ 2 ox* * ox* " oxf o
1( o d d 10 (14:53)
:—( h“+—h——h”]:——h
2loxe * ox* oxP M) 20x"
Thus, Eqg. (14.51) could be rewritten as
10 0 10 (0 0 0
=———h-=-— h + h® ———n“h
w (1) =5 o o zax“(axv w e okl ! V“j
10 0 4
== 9 Y pefp 14.54
2 ox* ox” " ( )

1o(0 . 10,1 100 hva_lih
20x Lox* * 2 ox* 2 ox* \ ox* 2 ox"

Then, the spacetime curvature R,.(7) is linearly related to h,.(7).
According to the condition of harmonic coordinates (see Sec. 13.1.3 of Chapter

13), the formula of harmonic coordinates could be written as CIx“=g*7*,3=0.
Under the condition of idealized convergence: 7 is large enough or 7—o0, such a

normalized condition naturally holds true. In the theory of linearization, this
normalization condition is equivalent to 139
ho' — gojuh :
0 he 10 he ) s
h=hj

9 he 14.55
ox® b 2 ox ( )

Therefore, under the condition of idealized convergence: 7 is large enough or
n—o, the curvature R,,,(7) could further be reduced to:
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where the symbol “o” is d” Alembert operator of the general observation agent
OA(7), A=V?is Laplace operator.

It should be pointed out that the “o” in Eq. (14.56) is the general d’ Alembert
operator in the theory of OR, that is, the d’ Alembert operator of the general
observation agent OA(7) (see Sec. 5.5 in Chapter 5).

Thus, under the condition of idealized convergence: 7 is large enough or 7—oo,

the nonlinear GOR field equation (Eq. (14.32) or (14.49)) finally reduces to the
linear GOR field equation:

R, (7)

] (14.56)

1 1
Euh"v (7) =—Keor (T,uv - gWTj (14.57)

In this way, the curved metric 00-element hgo of GOR gravitational spacetime is
related with the coefficient xcor 0f GOR field equation: hoo~xGcor.

14.6 The Calibration of GOR Field Equation

The theory of GOR expects that, under the idealized observation agent OA., the
GOR field equation (Eq. (14.32) or Eq. (14.49)) could strictly be corresponded to
Newton’s law of universal gravitation in the form of Poisson equation (Eq. (14.1b)).

In Newton’s gravitational scene (see Sec. 10.2 in Chapter 10), the matter particle
M as a gravitational source forms the spherically-symmetric gravitational field;
under the action of the gravitational force of M, the matter particle m moves in the
gravitational field of M. Let the 3d speed (or 3d Proper Speed) of m be v=(v?,v?,v3)
(v'=dx'/dt (i=1,2,3)), and the 4d speed (or Four-Speed) be u=(uul,u?ud)
(u#=dx#/dr (£=0,1,2,3)). Then, under the condition of idealized convergence: 7 is
large enough or n—oo, dt=d7z, g.v= 77, and |v|<<z, it follows that

B [Ven o u=0
dr  dt  |v=0 wu=i=123
T = puu” (14.58)
T, = £9,,9,,U0°0" = p’n,on,e (Too = p1°)
T :Tﬂ" :pu*‘u# =pl]2

where the GOR gravitational spacetime belongs to the observational spacetime
X*(n) of the general observation agent OA(7) with the time axis x’=nt; p is the
material density of the observed object m, T,.(7) is the energy-momentum tensor of
m in the observational spacetime X*4(7) of OA(7), and T is the trace of T,.(7).

It should be pointed out that the concept of Four-Speed is the extension of the
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concept of Einstein’s four-speed from the optical observation agent OA(c) to the
general observation agent OA(7) (see Sec. 5.4 The Four-Speed in OR Spacetime
in Chapter 5).

Under the condition of idealized convergence: 7 is large enough or 77—, the
four-speed of m (the observed object P) is u=(7,0,0,0), and therefore, as shown in
EQ. (14.58), the energy-momentum tensor T,.(#7) of m reduces to a scalar: Too.

Thus, the field equations (14.49) and (14.57)) could be rewritten as:

1

1
R/u/ (77) = —Kgor (Tyv - EU”VTJ = _EKGORTOO5/JV

Dh/tv (77) = _KGORT005;1V = _KGOR pnzé‘yv
where 8, is Kronecker tensor.

Under the condition of idealized convergence: 7 is large enough or rn—o, the
general d” Alembert operator “o” of the general observation agent OA(r) reduces to
—A (see Sec. 5.5 in Chapter 5):

(14.59)

O=—— -V’ =-V?=-A (14.60)
According to Eq. (14.47), Eq. (16.59), and Eq. (14.60), one could get that

ohy, = —KeorPf” OF Ay = Keor P11 (hoo = 2)(/772)
, 1 , (14.61)
so that V iy = EKGORpU

By contrasting Eq. (14.61) with the Poisson-equation form of Newton’s law of
universal gravitation: V2y= 42Gp (Eq. (14.1b)), one could get the coefficient xcor
of GOR gravitational-field equation:

kg = O (14.62)

4

This result is exactly the GOR field-equation coefficient in Eq. (14.32) obtained
from Einstein field equation through PGC logical route 1.

Now, the GOR field equation has been formally established.

The establishment of GOR Gravitational-field equation represents the birth of a
new theory of gravity or gravitational interaction: so-called the Gravitationally
Observational Relativity (GOR) or the General Observational Relativity (GOR),
the theory of GOR for short.

14.7 The GOR Field Equation:
the Unity of Gravitational Theories

The field equations are the cores of gravitational theories.
Newton’s field equation, i.e., the Poisson-equation form of Newton’s law of
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universal gravitation, represents Newton’s theory of universal gravitation; Einstein’s
field equation represents Einstein’s theory of general relativity. Now, the GOR field
equation represents the theory of GOR.

Newton’s theory of universal gravitation 1 and Einstein’s theory of general
relativity [81 are the two great gravitational theories of physics. The theory of GOR
repeatedly emphasizes that Newton’s theory of universal gravitation is not the
approximate theory of Einstein’s theory of general relativity, and is not only
applicable to macroscopic, slow-speed, or weak-field. Newton’s theory of universal
gravitation and Einstein’s theory of general relativity belong to different observation
systems: Newton’s gravitational theory is the theory of idealized observation, and
the product of the idealized agent OA.,; Einstein’s gravitational theory is the theory
of optical observation, and the product of the optical agent OA(c). To a certain
extent or relatively speaking, Newton’s theory of universal gravitation is the right
one, representing the objectively gravitational world; Einstein’s theory of general
relativity is the approximate one, only the optical image of the objectively
gravitational world.

The GOR field equation, i.e., the gravitational-field equation of OR theory, is
the gravitational-field equation of the general observation agent OA(7). The most
important value and significance lies in that it has generalized Newton’s field
equation belonging to the idealized agent OA. and Einstein’s field equation
belonging to the optical agent OA(c).

Actually, this means the unification of Newton’s theory of universal gravitation
and Einstein’s theory of general relativity.

The most general form of the GOR field equation (14.32) can be rewritten as:

R (1) =3 8,. ()R (n) == (n)T,, (n)

(K(U) =Kgor = 87[6/774)

where the Ricci tensor R,,=R,..(#), the Gaussian curvature R=R(7), the spacetime
metric g,,=0.v(7), the energy-momentum tensor T,,=T..(7), and the coefficient
xcor=k(7n) of GOR field equation, all depend on the general observation agent
OA(7), depend on the information-wave speed 7 of OA(7).

Naturally, if the information-wave speed 7 of OA(#7) is the light speed ¢ (7—c),
then the GOR field equation is exactly Einstein’s field equation:

R, (c)—%gﬂv (c)R(c)=—x(0)T,, (c)

(K‘(C) =Kg = 87zG/C4)

(14.63)

(14.64)

where the Ricci tensor R,,=R,.(c), the Gaussian curvature R=R(c), the spacetime
metric g,,=0.v(c), the energy-momentum tensor T,,=T,.(c), and the coefficient
xp=k(c), all depend on the optical agent OA(c), depend on the light speed c.

It is thus clear that Einstein’s field equation (14.64) is the gravitational-field
equation of the optical agent OA(c), which is only a special case of the GOR field
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equation (14.63), and is valid or effective only if the observation medium of the
observation agent OA(#) is light or electromagnetic interaction, or only if the
information-wave speed n of OA(#) is the light speed c.

In particular, considering the situation of the idealized observation agent OA..,
the GOR field equation (14.63) could be rewritten as:

2 2 1
D/’{#V = _%KGORT;IV [Dlyv = %(Ruv - E g”v Rjj (1465)

where y,, is a tensor, the general Newtonian gravitational potential.

One could prove that, as 7— o, y.,—0 (u#0 or v=0), and particularly, yoo—y
that is a scalar, exactly the Newtonian gravitational potential.

According to the idealized-convergence equations (Egs. (14.48), (14.49), and
(14.57-59)): in the GOR field equation (14.63), as r— oo, the energy-momentum
tensor T, reduces to the scalar Too, and the trace T=Too Of T,.

Accordingly, the Gaussian curvature R is:

To=pn" u=v=0
.

T,=0 else (14.66)
87G 87G 2
R=kerl =—2 T =—"7P= _FE‘Z
where y is the Newtonian gravitational potential.
According to Egs. (14.59), (14.65) and (14.66):

Ry = %Dhﬂo = iZD}( and R= —%D){
o . 7 (14.67)

UXoo = %[Roo - E gooRJ =0y = _VZZ

Originally, the GOR field equation consists of 10 independent partial differential
equations. However, under the idealized agent OA., as the energy-momentum
tensor T, reduces, the GOR field equation reduces correspondingly, leaving only
the one nontrivial equation:

2

n
DX = _?KGORTOO =-4zGp (14.68)

0%, =0 (u#0 or v=0)

Thus, the Poisson equation follows from Egs. (14.67) and (14.68): V2y=47Gp.

Actually, Eq. (14.68) is exactly Newton’s gravitational-field equation, which is
the same as or equivalent to the Poisson-equation form (14.1b) of Newton’s law of
universal gravitation.

In this way, the GOR field equation (14.65) strictly reduces to Newton’s field
equation (14.68)) as n—o0. In other words, under the idealized agent OA.., the GOR
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field equation strictly reduces to Newton’s field equation, i.e., the Poisson-equation
form of Newton’s law of universal gravitation.

It is thus clear that Newton’ field equation, i.e., Newton’s law of universal
gravitation in the form of Poisson equation, also is only a special case of the GOR
field equation. It is valid or effective only under the idealized agent OA...

The ancient Poisson equation (14.1b), as a partial-differential-equation form of
Newton’s law of universal gravitation or as Newton’s gravitational-field equation, is
isomorphically consistent with the GOR field equation including Einstein’s field
equation. This phenomenon is worth thought-provoking.

To sum up, the GOR Gravitational-field equation has generalized and unified
Newton’s Gravitational-field equation and Einstein’s gravitational-field equation.
Under the principle of GC, the GOR field equation has the strict corresponding
relationship of isomorphic consistency with both Newton’s field equation and
Einstein® field equation: as n—c, the GOR field equation strictly reduces to
Einstein’s field equation; as n—oo, the GOR field equation is strictly reduces to
Newton’s field equation. This strict corresponding relationship of isomorphic
consistency reflects the logical consistency not only between the GOR field equation
and Einstein’s field equation but also between the GOR field equation and Newton’s
field equation, and moreover, confirms the logical self-consistency of the GOR
gravitational-field equation and even the theory of GOR.
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15 The Solution of GOR Field Equation

The calibration and establishment of the GOR gravitational-field equation marks
the birth of the theory of Gravitationally Observational Relativity (GOR).

The theory of GOR is the theory of the general observation agent OA(7). So,
based on the theory of GOR, we could examine or reexamine both Newton’s theory
of universal gravitation and Einstein’s theory of general relativity from a higher or
broader perspective.

Physics is both speculative and empirical.

A new theory of physics must have logical rationality and theoretical validity,
and moreover, must be subjected to the testing of observation and experiment, must
be in accordance with observation and experiment, with the natural laws, and with
the objectively physical reality.

This chapter aims to solve the GOR field equation, preparing for the subsequent
test and verification of GOR field equation and even the whole theoretical system of
GOR, for the reexamination of Einstein’s theory of general relativity, and for the
rediscovery of the essence of gravitational relativistic effects or gravitational
relativistic phenomena.

15.1 GOR and Einstein’s Predictions

Under the principle of general correspondence (GC), by analogizing or
following Einstein’s logic of making the scientific predictions and testing his theory
of general relativity, the theory of GOR will also make the scientific predictions of
its own, and then, we could make the test for these predictions and make the
verification for the theory of GOR.

The test and verification of GOR theory can be conceived as follows:

(i) The test content: Einstein’s three famous predictions, including (a) the
gravitational redshift of light, (b) the gravitational deflection of light, and (c)
the perihelion precession of Mercury orbit;

(ii) The test scene: a static spherically-symmetric gravitational field in which
matter distributes in spherical symmetry and the external-vacuum metric is
the external-vacuum solution of GOR field equation;

(iii) The test steps: (a) to solve the GOR field equation, (2) to determine the
metric g,.{7r) of the observational spacetime X*i(7) of the general
observation agent OA(7), (c) to calculate the predictive values, and (d) to
compare the observed values and the predictive values.

Actually, all the tests and verifications for Einstein’s theory of general relativity
are also the tests and verifications for the theory of GOR; all observations and
experiments that support Einstein’s theory of general relativity are also the
observations and experiments that support the theory of GOR. However, with regard
to gravitational relativistic effects or gravitational relativistic phenomena, the theory
of GOR will give us the different interpretation from Einstein’s theory of general

131



relativity, rediscover the root and essence of gravitational relativistic effects or
gravitational relativistic phenomena, and correct the wrong ideas of Einstein’s
theory of general relativity.

15.1.1 Einstein’s Three Great Predictions

In order to verify his theory of general relativity, Einstein conceived and
designed three tests, i.e., Einstein’s famous three scientific predictions:

(i) Gravitational redshift: the frequency of light would present redshift as light
travels through a gravitational field;

(if) Gravitational deflection: light would bend in a gravitational field,;

(iii) Perihelion precession: the orbit of a planet would have a perihelion shift,
and the precession rate of Mercury’s perihelion is ¢=43.03"/century.

Einstein’s famous three scientific predictions provided the ways to test and
verify Einstein’s theory of general relativity. Actually, Newton’s theory of universal
gravitation and the theory of GOR can also predict the gravitational redshift of light,
the gravitational deflection of light, and the perihelion precession of Mercury orbit.

The tests for Einstein’s theory of general relativity imagined by Einstein, no
matter the gravitational redshift of light or the gravitational deflection of light, or the
orbital precession of a planet, the predicted value calculated according to Einstein’s
theory of general relativity depends on the metric g,.(c) of the optical observation
spacetime, i.e., the solution of Einstein’s field equations, in which, the dynamic
problem is that of the idealized celestial two-body system, the gravitational scene is
the idealized gravitational field, i.e., the static spherically-symmetric gravitational
spacetime. Actually, this is exactly the same as the gravitational scene of Newton’s
law of universal gravitation or Poisson equation.

People are always struggling for whether Newton or Einstein is right.

The tests of gravitational redshift of light and the gravitational deflection of light
were proposed by Einstein based on the principle of equivalence before the formal
establishment of his theory of general relativity; while, the prediction or calculation
of the perihelion precession of a planet was completed by Einstein after the formal
establishment of his theory of general relativity.

The gravitational redshift of light predicted and calculated according to
Einstein’s theory seems to be the same as that according to Newton’s theory, which
are difficult to be distinguished in observation. It should be pointed out that there are
still doubts about the calculation of the gravitational redshift of light according to
Newton’s theory, which is open to discussion. Before the formal establishment of
Einstein’s theory of general relativity, the gravitational deflection of light predicted
and calculated by Einstein’s theory was the same as that by Newton’s theory.
However, after the formal establishment of Einstein’s theory of general relativity,
Einstein recalculated the gravitational deflection of light, and got the new predictive
value that was twice that of Newton’s theory.

In the idealized gravitational scene, based on the idealized two-body system of
celestial bodies, the precession rate of Mercury’s perihelion predicted by Einstein’s
theory of general relativity is 43.03" per 100 years, while the perihelion precession
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of a planet predicted or calculated by Newton’s theory of universal gravitation
theory is null. It is not Newton’s theory of universal gravitation that could not
predict perihelion precession of a planet. Actually, if the non-idealized factors of
celestial motion systems are considered, Newton’s theory of universal gravitation
could also predict the perihelion precession of a planet. The actual precession rate of
Mercury’s orbit is 5600.73" per 100 years, in which the precession of about 5025” is
the precession of the equinoxes caused by the non-inertial geocentric coordinate
system. Considering the perturbation of Venus, Earth and Jupiter to Mercury, the
precession of Mercury’s perihelion needs to be predicted or calculated with
Newton’s theory of universal gravitation, and the predictive value according to
Newton’s theory reaches about 5327, far greater than the orbital precession of
Mercury predicted by Einstein’s theory of general relativity. The theory of GOR will
clarify that, as a matter of fact, the orbital precession of Mercury: ¢=43.03"/century,
predicted by Einstein’s theory of general relativity, is not the objective and real
orbital precession of Mercury.

15.1.2 The Test Scene for the Theory of GOR

Naturally, the three famous scientific predictions of Einstein’s theory of general
relativity can also be employed to test or verify the theory of GOR, including the
GOR field equation and the GOR motion equation.

The theory of GOR can also predict the gravitational redshift of light and the
gravitational deflection of light, as well as the orbital precession of a planet. In
particular, the predictions according to the theory of GOR for celestial bodies and
even light travelling in gravitational field are the observational phenomena presented
by the general observation agent OA(7), generalizing the observational phenomena
presented by the idealized agent OA. and the optical agent OA(7). In other words,
the theory of GOR can make both the prediction of Einstein’s theory of general
relativity and the prediction of Newton’s theory of universal gravitation.

No matter the gravitational redshift of light or the gravitational deflection of
light, or the orbital precession of a planet, can be summed up as the idealized
two-body problem of celestial bodies: (M, m), where M is the matter system (such as
the sun in the solar system) that forms the gravitational field; m is the observed
object P moving in the gravitational field (often idealized as a mass point) that can
be a photon in the test of gravitational redshift or gravitational deflection, or a planet
in the observation of orbital precession.

The Idealized Test Scene of GOR: There is the two-body system (M,m) of
celestial bodies, where M is a material sphere with the radius R whose matter is
distributed in spherical symmetry, forming a static spherically-symmetric
gravitational field. Without regard to m, the outside of M is a vacuum; m is the
observed object P (m<<M) moving in the gravitational field of M. (More ideally,
both M and m could be regarded as two mass points.)

Like Einstein’s way that he predicted the gravitational redshift of light and the
gravitational deflection of light, as well as, the orbital precession of Mercury’s
perihelion according to his theory of general relativity, the primary task of GOR
theory is to solve the gravitational-field equation of GOR theory and determine the
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gravitational spacetime metric g,.(7) of the two-body system (M,m). Thus, the GOR
motion equation of the celestial body or photon (m) can be constructed based on the
spacetime metric g..(7), and then, the predictive value of the gravitational redshift
of light or the gravitational deflection of light or even the orbital precession rate of
Mercury’s perihelion can under the general observational agent OA(r7) be predicted
or calculated according to the theory of GOR.

Actually, the approximate solution (by Einstein [[I) and exact solution (by
Schwarzschild ) of Einstein’s field equation, and even the Poisson-equation form
of Newton’s law of universal gravitation, are all the external vacuum solutions of the
static spherically-symmetric gravitational field of the two-body system (M, m).

15.2 The Solution of Einstein’s Field Equation

For the sake of analogy, we first briefly review and analyze the solutions of
Einstein gravitational-field equation, including Einstein’s approximate solution and
Schwarzschild’s exact solution.

Einstein’s field equation is a nonlinear partial-differential equation system with
respect to the spacetime metric g, consisting of 10 independent relations. Solving
Einstein’s field equation means to determine the metric g,=g./c) of the
observational spacetime X*d(c) of the optical observation agent OA(7), and calculate
the 10 independent elements in the spacetime metric tensor g,..

15.2.1 The Approximate Solution of Einstein’s Field Equation

Due to the nonlinearity and complexity of his field equation, Einstein followed
his logic of the weak-field approximation to solve his field equation.

Referring to the scale of the sun in the solar system, if M=Ms is the solar mass
and R=Rs is the solar radius, then the Newtonian gravitational potential of the solar
surface is |y|=GM/Rs~1.9x10'! m?/s? <<c2. Therefore, the gravitational potential
outside of the sun could be regarded as a weak gravitational field. Naturally, if r is
large enough, then the Newtonian gravitational potential y=—GM/r could also be
regarded as a weak gravitational potential.

Considering a specific case that conforms to Einstein’s conditions of weak-field
approximation: g,.(C)~n.., accordingly, the determinant g=det(g,.,) of the spacetime
metric g, satisfies \V(—g)=1. According to Riemannian geometry and tensor calculus,
it follows that:

re (c)=alna— *i((a_g)zo (x°=ct) (15.1)

According to the conceived spherically-symmetric gravitational scene, outside
M or the sun Ms, the material density p=0, the energy-momentum tensor T,,=0,
and Einstein’s field equation (14.18) reduces to R,,=0. According to the definition
of the Ricci tensor R,,(c) in Eqg. (14.19) and Eq. (15.1), Einstein’s field equations
(14.18) could be reduced to:
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re+rer =0 (xX°=ct) (15.2)

v ua” ov

0
R, (c) P

The reduced field equation (15.2) is still a nonlinear partial-differential equation
system, which is also difficult to solve. So, Einstein had to employ his logical way
of weak-field approximation to linearize the gravitational-field equation (15.2) (see
Sec. 13.1.3 in Chapter 13).

Based on the conditions of weak-field approximation (see Sec. 13.1.3 in Chapter
13), including: the weak field, slow speed, static field, spacetime orthogonality, and
harmonic coordinates, by combining with the weak-field approximation of Einstein
motion equation (Eq. (14.16)), Einstein could solve the gravitational-field equation
(15.2) and get the metric g,.{c) of the gravitational spacetime X“d(c) of the optical
observation agent g,.(c):

(15.3)

27 X'x*
hlk (C):C_z r2
(i.k=12,3 7 =—GM/r)

where h,, was regarded by Einstein as the weak-gravitational potential (|n..|<<|7.v|)
under the flat spacetime background.

Equation (15.3) shows that, as clarified by the theory of GOR, Einstein’s field
equation belongs to the optical agent OA(c), the observation medium is light, the
information-wave speed is the light speed c, and the metric g, of the observational
spacetime X*d(c) of OA(c) depends on the light speed c: g,,=g,,(c) and h,,=h,.(c).

Correspondingly, the line-element ds of the gravitational spacetime X*9(c) is:

ds? =g, (dx")2 + g, dxdx"

ik (15.4)
:c2(1+zc—fjdt2—[ - _2rXxx de'dxk

CZ rZ

where the time axis x° of the observationally gravitational spacetime X*(c) of the
optical observation agent OA(c) is x°=ct.

Before the formal establishment of his theory of general relativity, Einstein had
made the predictions of the gravitational redshift of light and the gravitational
deflection of light based on the principle of equivalence. After the formal
establishment of his theory of general relativity, Einstein employed the approximate
solution (in Eq (15.3) or Eq. (15.4)) of his field equation to construct the motion
equation of the observed object m for theoretically calculating and predicting the
gravitational redshift of light and the gravitational deflection of light, for calculating
the orbital precession of the planet m or Mercury, and even for predicting the
gravitational waves and the speed of gravitational radiation. Interestingly or
puzzlingly, the speed of gravitational radiation predicted by Einstein was exactly the

135



speed c of light in vacuum.

15.2.2 The Exact Solution of Einstein’s Field Equation

In 1916, shortly after Einstein’s theory of general relativity had been officially
published, German astronomer and physicist Schwarzschild obtained the first exact
solution of Einstein field equations in the trenches on the front line of World War |,
that is known as the Schwarzschild solution [,

Like the approximate solution of Einstein field equation, the gravitational scene
of the Schwarzschild solution is also the static spherically-symmetric gravitational
field of the celestial-body two-body system (M,m) without matter outside M.
According to Newton’s law of universal gravitation, the gravitational potential at the
distance r (>R) from the center of M is y=—GM/r. The Schwarzschild solution is the
external-vacuum solution of M, where the spatial coordinate system is the spherical
coordinate system rather than the Cartesian coordinate system. Correspondingly, the
definition of the optical observation agent OA(c) and the observational spacetime
X4d(c) of OA(c) (in Eqg. (10.1)) can be rewritten as:

x° =ct;
A X4d( ): 1_ 2 _ 3 _
OA(c)= X =rx=60,x"=¢ (15.5)
ds® =g, dx“dx”

where the spatial coordinates (x',x?,x%)=(r,d,¢) are the spherical coordinates.

It is worth noting that the observation agents defined in Eq. (10.1) and in Eq.
(15.5) are both the optical agent OA(c). Regardless of the definition of the Cartesian
coordinates (Eq. (10.1)) or the spherical coordinates (Eq. (15.5)), the definition of
the time axis x° is the same: x°=ct. And, no matter Eq. (10.1) or Eq. (15.5), the
formulae of the line-element ds have the same form:

Cartesian: ds®=g,, (X, Y,z,c)dx“dx"
X=ct,x'=x,xX’=y,xX’=12 (15.6a)
n, =diag(l,-1,-1-1)

v

Spherical: ds*=g,, (r,6,¢,c)dx“dx"

{xo =ct,x'=rx"=6,=¢ ers'_mch)s(” (15.6b)
. ) y=rsingsing

=diag(1, -1, —r®, —r?sin’
e g( (p) Z=rcosd

Naturally, the spherical metric g,,=0..(r,6,¢,c) and the Cartesian metric
0.=0uv(XY,Z,c) have different manifestations. In the Cartesian coordinates, the flat
spacetime refers to the Minkowski spacetime, and the corresponding metric g, is
the Minkowski metric 7,,~=diag(+1,—1,—1,-1); while, in the spherical coordinates,
the flat spacetime metric is 7,,=diag(+1,—1,—r?—r%sin?@): the spherical-coordinate
form of the Minkowski metric 7,,,.

The Schwarzschild metric g,,=9,.(r,8,¢,c) in the spherical coordinates is [
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- (15.7)

g9, (rc)=0 (u=v)

Correspondingly, in the spherical coordinates, the Schwarzschild line-elements
ds=ds(r,8,p.c) is %

-1
ds? :(1— 2GM )czdt2 —(l— ZGZM j dr® —r’d&® —r?sin® ad¢p* (15.8)

c’r c’r

With the Schwarzschild solution (Eq. (15.7) or Eq. (15.8)), based on the exact
spacetime metric g,.(c), we are able to build the exact motion equations of celestial
bodies, i.e., the geodesics of celestial-body motion, so that we could make more
exact calculations and predictions for the gravitational redshift of light and the
gravitational deflection of light, as well as, for the perihelion precession of the
planet m or Mercury.

15.3 The Approximate Solution of GOR Field Equation

Like Einstein’s field equation, the GOR field equation is also a nonlinear
partial-differential equation system with respect to the spacetime metric g,
consisting of 10 independent relations. Solving the GOR field equation means to
determine the metric g,,=g.(7) of the observational spacetime X*d(7) of the
general observation agent OA(r), and calculate the 10 independent elements in the
spacetime metric tensor g..(7)

Under the principle of GC, through PGC logic route 1, by substituting the
information-wave speed 7 for the light speed c in Eqgs. (15.3-4), the approximate
solution Egs. (15.3-4) of Einstein field equations (i.e., the approximate solution of
the gravitational-field equation of the optical agent OA(c)) could be isomorphically
and uniformly transformed into the approximate solution of GOR field equation (i.e.,
the gravitational-field equation of the general observation agent OA(7)). However,
in order to rediscover the essence of the spacetime metric g, or the curved metric
h.., we prefer to solve the GOR field equation through PGC logic route 2, starting
from more basic logical premises.

15.3.1 The GOR Field Equation for Approximate Solution

The approximate solution of the GOR field equation may analogizes and follows
Einstein’s logic to acquire the approximate solution of Einstein field equation.
However, unlike Einstein’s logic of weak-field approximation, the theory of GOR
employs the logic of GOR idealized convergence (see Sec. 13.3 in Chapter 13),
based on the condition of idealized convergence: the information-wave speed 7 of
the observation agent OA(n) is large enough or n—oo, to acquire the approximate
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solution of GOR field equation.

In Chapter 13, the GOR logical way of idealized convergence has clarified that,
based on the theorem of Cartesian spacetime, if 7 is large enough or 77—, then the
linearization equation (13.16) of the idealized convergence is valid, Einstein’s five
conditions of weak-field approximation, including the weak field, slow speed, static
field, the spacetime orthogonality, and the harmonic coordinates, are naturally valid.
In other words, the GOR logical way of idealized convergence could replace
Einstein’s logical way of weak-field approximation. In this way, under the principle
of GC, through PGC logic route 2, by analogizing and following the logic of
Einstein’s approximate solution, based on the condition of GOR idealized
convergence, we will get the approximate solution of GOR field equation.

Under the condition of idealized convergence: 7 is large enough or 7—oo,
according to the theorem of Cartesian spacetime, g..(7)—n..; accordingly, the
determinant g=det(g,.) of the spacetime metric g, meets V(—g) =1.

Thus, according to Riemannian geometry and tensor calculus, it follows that:

rs, (77)=—alnax(a_g)

It is worth noting that, in Einstein’s approximate solution 8 (-g)=1 is a
forced assumption or condition so as to meet the condition of harmonic coordinates.

According to the conceived spherically-symmetric gravitational scene, without
regard to m, there is no matter outside M or the sun Ms, the energy-momentum
tensor T,,=0, and the GOR field equation (14.49) reduces to R,,=0. According to
the definition of the Ricci tensor R, (c) in Eq. (14.50), and according to Eq. (15.9),
the GOR field equations (14.49) will be reduced to:

R, (n):—if” +7°7r* =0 (X° =nt; u,v,p,0,c :0,1,2,3) (15.10)

ax p T opv pHa” ov

=0 (xX’=nt) (15.9)

15.3.2 The Approximate Solution
Based on the Condition of Idealized Convergence

Finding the approximate solution of GOR field equation is to determine the
spacetime metric g,,=0,+(n) or h,,=h,.(7) in the GOR field equation (15.10) under
the condition of GOR idealized convergence: 7 is large enough or 77—o0.

The reduced GOR field equation (15.10), like the reduced Einstein field
equations (15.2), is still a nonlinear partial-differential equation system, which is
also difficult to solve. Einstein followed his logic of weak-field approximation to
solve the reduced field equation (15.2); while the theory of GOR follows the GOR
logic of idealized convergence to solve the reduced GOR field equation (15.10).

() Determining the Coupling Metric Elements
of time and space: goi (i=1,2,3)

In Sec. 13.2 The Theorem of Cartesian Spacetime of Chapter 13, Corol. 13.1
from Lemma 13.1 has proven that, under the condition of idealized convergence: 7
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is large enough or n—oo, the condition of spacetime orthogonality naturally holds
true. In other words, under the condition of GOR idealized convergence, the 0i and
i0 elements (i=1,2,3) of the gravitational-spacetime metric g,.(7) are zero:

9 (7) =9, (7)=0
hy (77) =h, (77) =0

It is worth noting that, in Einstein’s approximate solution [, the spacetime
orthogonality is a forced assumption or condition, rather than a logical consequence.

The GOR spacetime line-element ds=ds(7) is the line-element of the
observational spacetime X*d(7) of the general observation agent OA(7); under the
condition of GOR idealized convergence, X*d(7) presents the objectively spacetime
orthogonality, and hence, the line-element formula reduces to:

ds’*=g,, (7)dx“dx” (x,v=0,123)
=0, (;7)(dx°)2 +9, (1) dx'dx* (x° =nt;i,k =1, 2,3)

(1) Determining the Time Metric Element: goo

(i=12,3) (15.11)

(15.12)

Under the condition of idealized convergence: # is large enough or n—, all
the conditions of weal-field approximation hold true, in which, the spacetime
orthogonality means that time and space are independent of each other, and the GOR
field equation (15.10) splits into two independent parts: the time equation and the
space equation.

Under the condition of GOR idealized convergence, the independent time
equation can be derived as follows:

Ryo (77):_£F£ + I rY =0 (xX*=nt; po,a=012,3) (15.13)

At the same time, the weak field means that the curved metric hy, is small
enough, the static field means that spacetime metric g, does not change with x°, and
the slow speed means that the speed v of the moving object m is far slower than the
information-wave speed 7 of the observation agent OA(7), that is:

The weak field: g,,(7)=7,, +h,, (x“,n) (|hﬂv < |77W )
The slow speed: |v'|= dd—): < % =n (X =nt;i=1,23)
The static field: % = 6& ~

ox°  not

It is worth noting that, in Einstein’s approximate solution [%81 the weak field,
slow speed, and static field, are forced assumptions or conditions, while the
condition of GOR idealized convergence does not require that the gravitational field
is really a weak field or a static field, nor that the observed object m really moves at
a slow speed, but only requires that the information-wave speed 7 of the observation
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agent OA(#) is large enough or 7—o.
Thus, by combining the Poisson-equation form V2y=42Gp of Newton’s law of

universal gravitation and the GOR motion equation (i.e., the geodesic equation
(14.33)), we have the solution of the time equation (15.13) of GOR field equation:

2

goo(ﬂ)=1+f7—;f hoo(n)=f7—l (x=-GM/r) (15.14)

This result is the same as Eq. (14.47) in Sec. 14.4 The Idealized Convergence
of GOR Motion Equation of Chapter 14.

(111) Determining the Space Metric Elements: gi (i,k=1,2,3)

Under the condition of GOR idealized convergence, the independent space
equation can be derived as follows:
0
R =——1Tr+I.re =0
ik (’7) 6x” ik ia® ok (1515)

(X’ =nt;i,k=12,3 p,0,0=012,3)

Likewise, under the condition of idealized convergence: 7 is large enough or
n—, by combining the Poisson-equation form V2y=42Gp of Newton’s law of
universal gravitation and the GOR motion equation (i.e., the geodesic equation
(14.33)), we have the solution of the space equation (15.15) of GOR field equation:

2 (X)) 27 (x)
g (77)__1"'? r2 | hii (77)_ 772 r?
O (77) = hik (77) = fl_jz( Xr)z( (i i k) (15.16)

(i,k=123 y=-GM/r)

By summarizing Eq. (15.11), Eq. (15.14) and Eg. (15.16), we have the
approximate solution of GOR field equation:

2y 2y
Yoo (77) :1+? hoo (77) = ?

gm(n)zo h0i(77):0
27 X' XK 27 X'x*
O (’7)=_5ik +_/f hlk (77):_%

rz i 772 rz
(i,k=1,23 y=-GM/r)

(15.17)

where h,,=h,,(77) depends on the observation agent OA(#). It is worth noting that
any element of h,,, contains the factor y/7.

According to Eq. (15.17), the line-element ds of gravitational spacetime is
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ds? =gy, (dxo)2 + g, dx'dx"

ik _ (15.18)
=772[1+2—}2(]dt2—( " _ 21 XX jdx'dxk
n

2 r2

where the time axis of the GOR gravitational spacetime X*d(n) is x°=nt, and the
space axes are the Cartesian coordinate axes: x'=x, x?=y, x3=z.

The solution in Eq. (15.17) or Eq. (15.18) of the GOR field equation is the
approximate solution that requires the information-wave speed 7 of the observation
agent OA(7) to be large enough or 7—oo.

Obviously, the approximate solution of GOR field equation is isomorphically
consistent with Einstein’s approximate solution of Einstein field equation.

Based on the approximate solution of GOR field equation (15.17)) or according
to the GOR line-element formula (15.18), the theory of GOR also could construct
the motion equation of the observed object m for theoretically calculating and
predicting the gravitational redshift of light and the gravitational deflection of light,
for calculating the orbital precession of the planet m or Mercury, and in particular,
could deduce the information-wave equation, revealing the essence of Einstein’s
prediction of gravitational waves.

Based on the approximate solution of the GOR field equation (15.17)) or
according to the GOR line-element formula (15.18), the theory of GOR will provide
us with new ideas or views different from Einstein’s theory of general relativity on
the gravitational redshift of light and the gravitational deflection of light, as well as
on the relativistic celestial phenomena such as the precession of Mercury, and even
on Einstein’s gravitational waves.

15.4 The Exact Solution of GOR Field Equation

Under the principle of GC, through PGC logic route 1, by substituting the
information-wave speed 7 for the light speed ¢ in Egs. (15.7-8), the Schwarzschild
exact solution of Einstein field equation % ie., the exact solution of the
gravitational-field equation of the optical observation agent OA(c) (Egs. (15.7-8))
could be isomorphically and uniformly transformed into the exact solution of GOR
field equation, i.e., the exact solution of the gravitational-field equation of the
general observation agent OA(7).

However, in order to understand the logic behind the exact solution of GOR
field equation, we attempt to deduce the exact solution of GOR field equation from a
more basic logical premise through PGC logic route 2. In particular, based on the
GOR logical way of idealized convergence, the theory of GOR will employ the
GOR condition of idealized convergence, rather than Einstein’s conditions of
weak-field approximation, as the boundary condition for the GOR field equation.

15.4.1 The Metric of Spherically-Symmetric Gravitational Field
and the GOR Line-Element

Like the Schwarzschild exact solution, the gravitational scene conceived for the
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exact solution of GOR field equation is also the static spherically-symmetric
gravitational field: let (M, m) be the two-body system, M be a sphere with the radius
R, and its matter be distributed in spherical symmetry, forming a
spherically-symmetric gravitational field; without regard to m, the outside of M is a
vacuum. According to Newton’s law of universal gravitation, the Newtonian
gravitational potential y at the distance r (>R) from the center of M is y=—GM/r.

Like the Schwarzschild exact solution, the exact solution of GOR field equation
is also the external-vacuum solution of M, in which the spatial coordinates are the
spherical coordinates rather than the Cartesian coordinates. Correspondingly, the
definition (Def. 10.1) of the general observation agent OA(7) and the observational
spacetime X*4(n) of OA(7) (in Eq. (10.2)) can be rewritten as:

x° =nt;
OA(7)2 Xm(n):{l— P=0,%°= }
n)= X=rx=60,x=¢ (15.19)
ds® =g dx“dx”

uv

where the spatial coordinate (x%,x2,x%)=(r,8,¢) is the spherical coordinate system.

It is worth noting that the observation agents defined in Eq. (10.2) and in Eq.
(15.19) are both the general observation agent OA(7). Regardless of the definition
of the Cartesian coordinates (Def. 10.1 in Eq. (10.2)) or the spherical coordinates (in
Eq. (15.19)), the definition of the time axis x° is the same: x°=#t. And, no matter Eq.
(10.2) or Eq. (15.19), the formulae of the line-element ds have the same form:

Cartesian: ds® = 9, (X, y,z,77)dx"dx"
X =nt,xX'=x,x*=y,x* =12 (15.20a)
7, =diag(L, -1 -1 ~1)

Spherical: ds® =g, (r,0,¢,7)dx“dx"

X=nt,x'=r,x*=6,x’=¢ X= rS'_nacf)S(/’ (15.20b)
y =rsinédsing

=diag(1, -1, —r?, —r?sin?
M g( (p) z=rcosé

where the spherical metric g,,=0..(r,6¢n) and the Cartesian metric
0.=9uv(X,Y,2,17) is not only the function of the respective spatial coordinates (r,6,¢)
and (x,y,z), but also the function of the information-wave speed 7 of the general
observation agent OA(7).

As shown in Eg. (15.20a) and Eq. (15.20b), the spherical metric g,,=0,.(r,6,¢,7)
and the Cartesian metric g..=d.(X,y,2,7) have different manifestations. In the
Cartesian coordinates, the flat spacetime refers to the Minkowski spacetime, and the
corresponding metric g, is the Minkowski metric 7,,~diag(+1,-1,-1,—1); while, in
the spherical coordinates, the flat spacetime metric is 77,,=diag (+1,—1,—r?-r%sin?0):
the spherical-coordinate form of the Minkowski metric 77,

In spherically-symmetric gravitational field, the spacetime metric is also
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spherically symmetric. According to Birkhoff’s theorem [14% the spacetime metric
0.v Of spherically-symmetric gravitational fields of external vacuum must be static
and does not change over time: 6g,,/0t=0.

So, for spherically-symmetric gravitational field of external vacuum, the most
general form of the spacetime line-element ds could be

ds? =W (r)7°dt* —U (r)dr® —r?d@* —r*sin” ad ¢’ (15.21)

where goo=W(r) and g1:=—U(r) are the metric elements to be solved. Actually, Eq.
(15.21) also means that the space and time of the spherically-symmetric
gravitational spacetime are orthogonal: goi=gio=0(i=1,2,3).

In particular, in the theory of GOR, the spacetime metric g,,=g..(77) of the
general observation agent OA(7) depends on the information wave speed 7 of
OA(n); for Eq. (15.21), goo=W(r,7) and g11=—U(r,7) are the function not only of r,
but also of 7. Therefore, in the theory of GOR, for spherically-symmetric
gravitational field of external vacuum, the most general form of the spacetime
metric g, and line-element ds under the general observation agent OA(r) could be

ds? =W (r,;7)n°dt? =U (r,;7)dr? —r?d@* —rsin® ddp”

oo (1,77) =W (r,77) ="

9u(r.m)=-U(r,n)= et o
9 (i) =-r*

Oss (. 77)=—r?sin’ 0

9, (r.n)=0 (u=v)

where goo=W(r,7) and g11=—U(r,7) are the elements of spacetime metric g, under
the general observation agent OA(7) to be solved; in other words, &(r,77) and £ (r,7)
are the parameters of Eq. (15.22) to be solved.

15.4.2 The GOR Field Equation
of Spherically-Symmetric Gravitational Field

According to the spherically-symmetric gravitational scene conceived for
external-vacuum solution, the energy-momentum tensor T,,=0.

Thus, by means of the weak-field approximation, Einstein’s field equations
(14.2) could be reduced from the form of Eq. (14.19) to Eq. (15.2): R,.(c)=0. In this
way, Einstein had obtained the approximate solution of Einstein field equation. By
means of the GOR idealized convergence, the GOR field equation (14.32) can be
reduced from the form of Eq. (14.49) to Eq. (15.9): R..(77)=0. In this way, we have
obtained the approximate solution (Egs. (15.17-18)) of GOR field equation.

However, just as Schwarzschild’s exact solution seemingly does not rely on the
weak-field approximation, the exact solution of GOR field equation seemingly can
also independent of the GOR idealized convergence. Without the GOR idealized
convergence, the GOR field equation (14.32) could not be reduced from the form of
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Eq. (14.49) to Eq. (15.10): R,.(7)=0.

According to the logic of Schwarzschild’s exact solution, in view of the
spherically-symmetric gravitational scene conceived for external-vacuum solution:
T,=0, from the GOR field equation (14.32), the field equation of the
spherically-symmetric gravitational spacetime X“d(7)) of the general observation
agent OA(7) could be written as:

1

R, (7)-59,.R(7)=0
R, (7)= Sl R SRR S (15.23)
“ 1.
FIW (77)_ g ﬂ(gpi,v +gﬁ.v,y _gvﬂ,ﬂ)

2

where R,, can be called the general Ricci tensor, i.e., the curvature of the
observational spacetime X“d(7;) of the general observation agent OA(7), R the
general Gaussian curvature, and 7%, the connection of the general observation
agent OA(#). It is worth noting that, R,,=R..(7), R=R(#), and 7%,,=I"%,.(n) all
depend on the information-wave speed 77 of OA(7).
According to the definition of connection (Eqg. (15.23)), we have:
1,09, 19h[g,] { W_LJ

]—'ﬂ [ Laad —
w(1)= 59" = o 9,

o l llaagl
FW(T])Z——Q — (Ot;t,u)

2 ox* (15.24)
1 ,.09 10In|g,,| 1
]—va s 1 ao _ T aa ae _ _—
e 1) 29 o T2 ] Yoa
FZV(U)=0 (v,a=0123a#u#v+a)
By further calculations, it follows that:
1d¢& 1 .,.d¢&
e =7° =22 [l T2
10 (’7) 01(77) > dr 00 26 i
1d ~ .
1 ( ):Ed_f Iy (n)=-re* Iy(n)=-re*sin’6
1 .
Iy (U)Zfzzl(ﬂ)=F 2 (n)=-sindcos@ (15.25)
1
F133(77) Fs (77)—? F233(77)=F:2(77)=CO'[9

the others: 77, (n)=0

MV

Making use of the equation
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8In\/7 =I" (g:det(gw):—e””r“sinza) (15.26)

v

and based on the definition (Eq. (15.23)) of the spacetime metric R, we have that:

0 d
Roo (U):_a—réo +2F30F§1_F30_|n\/_9

R, (7)= 82In\/_ O Flaln\/_
(Fl%) (1) +(Ffz) +(r3)
Ry, (17) = 892 In\/_ - 0 In\/_ w22y, +(rs) (15.27)
0 0
Rss(n):_[a[‘;s+£F3)23)+2(F133F;3 +F233F323)

0 0
| rL=mJ-g+ri—my-
( = or 97 a5, gj

the others: R, (17)=0

Making use of Eq. (15.27), we have the curvature scalar R:

R(7)=9"R,,

_ _ R R
=& Ry e gR“_r_ZZZ_ rzsisrjze
ee[Sg Lacae 1 aty (1528)
dr®> 2dr dr dr

d¢ de
+r (dr dr} rz(1 ¢ )

Then, the GOR field equation (15.23) of the spherically-symmetric gravitational
spacetime X“d(7) of the general observation agent OA(#) leaves four nontrivial
equations:

1
R/w (77) _E g/wR(n) =0 (XO =ntu=01 2’3) (15.29)

15.4.3 The Exact Solution of GOR Field Equation
and GOR ldealized Convergence

Actually, the Schwarzschild exact solution is a special case of the solution of Eq.
(15.29), i.e., the solution as OA(#) is the optical observation agent OA(c) (r7=c).
The boundary conditions set by Schwarzschild for solving Einstein’s field equation
are: as r—oo, goo=1 and g11=—1, in which Schwarzschild followed Einstein’s logical
thought of weak-field approximation: if r—o0, the Newtonian gravitational potential
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x —0, the spacetime tends to be flat, and therefore, g.,— 7.

According to the theorem of Cartesian spacetime in Chapter 13: g,,— . as
n—oo. Therefore, the boundary conditions of the GOR field equation (15.29) could
be set based on the logical thought of GOR idealized convergence. Under the
condition of idealized convergence: 7 is large enough or 77—, we have

limW (r,7)=1 and limU(r,n)=1
m e (15.30)
or: ng(r,n):o and J}iigcg(r,n):o

No matter r—oo, or y—0, or 77—, the spacetime metric g, would reduce to the
flat-spacetime metric: g,.,— 7. It could be expected that the solution of GOR field
equation (15.29) 9.v=0.v(r,z 7). In other words, W=W(r, »,77) and U=W(r,y,n) are
the functions of r, y, and 7.

Under the principle of GC, by analogizing or following the logic of
Schwarzschild solution, with the boundary conditions of the GOR idealized
convergence (Eqg. (15.30)), combining Egs. (15.24-28), we have

-1
W(r,n):1+2—}f and U(r,n):(1+2—;fj (15.31)
n n

where y=—GM/r is the Newtonian gravitational potential.
Correspondingly, the line-element ds of the spherically-symmetric gravitational
spacetime X“*d(7) of the general observation agent OA(7) and the GOR exact

solution (the metric g,.(7) of the observational spacetime X*i(7) of OA(7)) could
be expressed as follows:

-1
ds? =[1+2—;2{)772dt2 —[1+ Z—fj dr? —r’d@” —r?sin’ 6d ¢’
n n

U (r,7)=1+2x/n" (x=-GM/r)
w(rm)=- (1+2;c/77) (15.32)
9 (i) =—T
s (r.m)=-r*sin*6
9, (rn)=0 (u=v)

where both r=0 (representing the mass center of M) and r=2GM/7#? are the
singularities of Eq. (15.32), i.e., the singularities of the GOR field equation; the time
axis of the observational spacetime X*d(7) is x°=nt, and the space axes of the
observational spacetime X“d(7) are x!=r, x>=6, and x3=¢.

Based on the exact solution of the GOR field equation (15.31) or according to
the GOR line-element formula (15.32), the theory of GOR could exactly construct
the motion equation of the observed object m for theoretically predicting the
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gravitational redshift of light and the gravitational deflection of light, for calculating
the orbital precession of the planet m or Mercury, and in particular, for deducing the
information-wave equation, revealing the essence of Einstein’s gravitational wave.

Based on the exact solution of the GOR field equation (15.31) or according to
the GOR line-element formula (15.32), the theory of GOR will interpret and analyze
the relativistic celestial phenomena, provide us with new ideas or new views
different from Einstein’s theory of general relativity.

15.5 The Significance of GOR Field-Equation Solution

As stated in Sec. 13.2.5 The Significance of Cartesian-Spacetime Theorem of
Chapter 13, the metric g,.(7) of the GOR gravitational spacetime X*d(7) can be
decomposed into the flat metric 7., and the curved metric h,.(7):

The decomposition of spacetime metric: @, (7)=7,, +h,, (17)

where 7, is the Minkowski metric, represents the flat spacetime, including the
Cartesian spacetime and the Minkowski spacetime; while h,,=h,.(7) represents the
curved spacetime, reflecting the curved state of gravitational spacetime.

The GOR observational spacetime is the gravitational spacetime X*d(7) of the
general observation agent OA(n). The spacetime metric g,,=g,.(7) of X*(z),
especially the curved metric h,,=h,.(7) of it, has the profound implication. The
solutions of GOR field equation, including the approximate and the exact, reveal the
profound implication of the metric g.,=9..(7) and h.,=h,.(7) of the gravitational
spacetime X*d(n) of OA(7).

15.5.1 Generalizing the Gravitational Spacetime Metrics
of Different Observation Agents

The gravitational-field equation of Einstein’s theory of general relativity is
referred to as the Einstein field equation; the Poisson equation is the
gravitational-field equation of Newton’s theory of universal gravitation, can be
referred to as the Newtonian field equation. The solution of Einstein field equation is
the metric of the observational spacetime X“i(c) of the optical agent OA(c):
0.v=0.v(C); the solution of Newtonian field equation should be the metric of the
observational spacetime X%, of the idealized agent OA.: guv=0,.v(0).

According to the theorem of Cartesian spacetime, the metric g..(c) of the
idealized observational spacetime is exactly the Minkowski metric: g.,(e0) =7,y.

In Chapter 14, the theory of GOR has clarified that the GOR gravitational-field
equation generalizes and unifies Einstein’s field equation and Newton’s field
equation. The metric of GOR observational spacetime is that of the observational
spacetime X4“(n) of the general observation agent OA(7): guv=0.v(7), which
naturally generalizes the observational spacetime metrics of all observation agents;
The solution of GOR field equation naturally generalizes the solutions of Einstein
field equation and Newtonian field equation.

Obviously, the approximate solution of GOR field equation not only generalizes
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the approximate solution of Einstein field equation of the optical agent OA(c), but
also generalizes the solution of Newtonian field equation of the idealized agent OA.:
if n—c, then the approximate solution (Eq. (15.17)) of GOR field equation would
reduce to the approximate solution (Eq. (15.3)) of Einstein field equation; as 7— o,
the approximate solution (Eg. (15.17)) of GOR field equation would reduce to the
solution of Newtonian field equation: gu.()=7.=diag(+1,-1,-1,-1). It is thus
clear that the approximate solution of GOR field equation based on the GOR
idealized convergence is isomorphically consistent with both the approximate
solution of Einstein field equation based on Einstein’s weak-field approximation and
the solution of Newtonian field equation under the idealized agent OA...

Likewise, the exact solution of GOR field equation not only generalizes the
exact solution of Einstein field equation of the optical agent OA(c), but also
generalizes the solution of Newtonian field equation of the idealized agent OA..: if
n—c, then the exact solution (Egs. (15.31-32)) of GOR field equation would reduce
to the exact solution (Eq. (15.7-8)) of Einstein field equation; as n—, the exact
solution (Egs. (15.32-32)) of GOR field equation would reduce to the solution of
Newtonian field equation: g.(e) =7 =diag(+1,-1,—r?,—r%sin?@). It is thus clear that
the exact solution of GOR field equation based on the GOR idealized convergence is
isomorphically consistent with both the exact solution of Einstein field equation
based on Einstein or Schwarzschild’s weak-field approximation and the solution of
Newtonian field equation under the idealized agent OA...

The generality of the GOR field equation as the gravitational field equation of
the general observation agent OA(7), and the corresponding relationships of
isomorphic consistency between the solution of GOR field equation and the solution
of Einstein field equation as well as between the solution of GOR field equation and
the solution of Newton field equation, once again reflect the logical consistency of
the GOR field equation with both Einstein’s field equations and Newton’s field
equation, and further confirm the logical self-consistency of the logical system or
theoretical system of GOR.

15.5.2 Spacetime is not Really Curved

In Sec. 12.5.2 Could Spacetime Really be Curved? of Chapter 12, based on
the GOR factor 7"'=7"(7) of spacetime transformation, the theory of GOR has
clarified that spacetime could not really be curved; the so-called spacetime curvature
is actually just a sort of observational effect that depends on the observation agent
OA(n), and the root and essence lie in the observational locality (77<w) of the
observation agent OA(7).

Actually, according to the theorem of Cartesian spacetime (see Sec. 13.2 in
Chapter 13), under the idealized agent OA.,, the curved metric h,, of the idealized
observational spacetime X*4,, is zero:

limg,, (7)=n,, and limh, (7)=0 (15.33)
n—© n—0

This also suggests that the objective and real spacetime, whether there were
gravitational fields or not, would not be curved.
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Now, we can take a different perspective to further verify this conclusion based
on the solution of GOR field equation, including the approximate (Eqgs. (15.17-8))
and the exact (Egs. (15.31-2)): Spacetime is not really curved.

In the observational spacetime X*d(7) of an observation agent OA(7), if the
metric g,.(7) of X*4(#) is a constant tensor (such as the Minkowski metric 7,.,), then
X*#d(n) is a flat spacetime, otherwise, a curved spacetime.

Observing the solutions in Eq. (15.3) and Eqg. (15.7) of Einstein field equation,
we know that the metric g,,=g,.(x',c) of the gravitational spacetime X*(c) of the
optical agent OA(c) depends on the spatial coordinate x' (i=1,2,3): different spatial
coordinates have different metrics, and therefore, the gravitational spacetime X4d(c)
in optical observation exhibits a sort of curved shape. In Einstein’s theory of general
relativity, the speed c¢ of light in vacuum is a cosmic constant. Limited by the
perspective of the optical observation agent OA(c), Einstein could only attribute the
root cause of spacetime curvature to the gravitational potential y=y(x), and to the
distribution of matter and energy in gravitational spacetime.

Observing the solutions in Eqg. (15.17) and Eq. (15.32) of GOR field equation,
we know that the metric g,,=0,.(X,7) of the gravitational spacetime X*(z) of the
general observation agent OA(7) also depends on the spatial coordinate x' (i=1,2,3):
different spatial coordinates have different metrics, and therefore, the gravitational
spacetime X*(7) in GOR observation also exhibits a sort of curved shape.

However, the solutions in Eq. (15.17) and Eq. (15.32) of GOR field equation
show that the metric g,,=0,.(x',77) of the gravitational spacetime X*I(7) of the
general observation agent OA(7) in essence depends on the observation agent
OA(n), or in other words, depends on the information-wave speed 7 of OA(7):
under different observation agents, the same gravitational scene would exhibit
different curvatures.

This fact indicates that, in essence, the curvature of the gravitational spacetime
X4(n) of the general observation agent OA(7) is not caused by the distribution of
matter and energy, but by the observational locality (7<) of the observation agent
OA(n), which is a sort of observational effect and a sort of apparent phenomenon.
Correspondingly, the curvature of gravitational spacetime in Einstein’s theory of
general relativity is the observational effect and apparent phenomena caused by the
observational locality (c<oo) of the optical agent OA(c).

As n— oo, the approximate solution of GOR field equation (15.17) reduces to:
limg,, (17) =1lim(1+ 2 /0" ) =1

n—w©
ik
limg, (n)=lim(—6ik 422 XX ]=—@k
n r

n—® n—®

(15.34)
9 (7)=0 (i.k=123x=xx =y,X’ =1)

Thatis: limg,, (17)=17,, =diag(+1-1-1,-1)

where g,,=0.(X,77) (X!=X, X2=y, x3=z) is the metric form of the Cartesian-coordinate
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system, and 7n,~diag(+1,-1,-1,-1) is the Cartesian-coordinate form of the
Minkowski metric.

As n— o0, the exact solution of GOR field equation (15.32) reduces to:

limg,, (7) =lim(1+2y/7*)=1

n—o

limg,, () = lim(~(2+2/n°) ") =1

9y (1) =-T (15.35)
9, (n7)=-r*sin’6

Q,W(??):O (,uiv; X'=rx=6,x :¢)
limg,, (17)=1n,, =diag(+1-1,-r*,~r’sin’0)

n—o

where g,,=0,(X,7) (X!=r, x2=6, x3=¢) is the metric form of spherical-coordinate
system, and 7,,=diag(+1,—1,—r?—r%in?¢) is the spherical-coordinate form of the
Minkowski metric.

So, if we could employ the idealized observation agent OA. to observe
gravitational spacetime, n— o, without observational locality, then the solutions of
GOR field equation, regardless of the approximate or the exact, regardless in the
Cartesian coordinates or in the spherical coordinates, would converge to the flat
metric: g.— 1., and the curved metric tends to zero: h,,—0.

With regard to the approximate solution (Eq. (15.17)) and the exact solution (Eqg.
(15.32)) of GOR field equation, the limit expressions (Eq. (15.34)) and (Eq. (15.35))
under the idealized agent OA. not only verify the theorem of Cartesian spacetime,
but also show us that the objectively real spacetime is the Cartesian spacetime X*d,,
which is originally flat and not curved due to the distribution of matter and energy.
The so-called curvature of gravitational spacetime is only an observational effect
and an apparent phenomenon, caused by that human being’s observation agents are
not ideal enough: the information-wave speeds are limited.

So, the objectively real spacetime is not curved.

But, only under the idealized observation agent OA., the objectively real
spacetime would present the flat and real appearance of it.

15.5.3 The Curved Metric hyy
does not Represent Gravitational Radiation

Einstein’s theory of relativity, whether the special or the general, is associated
with light and the speed c of light in vacuum. However, the mainstream school of
physics has not truly understood why the speed c¢ of light in vacuum appears in
Einstein’s theory of relativity.

In the solutions of Einstein field equation, including the approximate (Eq. (15.3))
and the exact (Eg. (15.7)), the metric g,,=0..(c) of gravitational spacetime,
especially the curved metric h,,=h,,(c), is not unexpectedly associated with the
speed c of light in vacuum. However, Einstein failed to correctly explain why the
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speed of light appeared in the spacetime metric g, and the curved metric h,,.
Actually, this is the embodiment of the optical observation agent OA(c).

Indeed, observations and experiments have shown that gravitational spacetime
appears to be somewhat curved.

However, Einstein and the mainstream school of physics hailed to truly realize:
most of observations and experiments relied on the optical observation agent OA(c);
the so-called spacetime curvature is caused by the observational locality (c<w) of
the optical agent OA(c), which is only an observational effect or an apparent
phenomenon. In Einstein’s view, the curvature of gravitational spacetime is caused
by the accumulation of matter and energy, and is the essential characteristic of the
objectively physical world. In Einstein’s theory of general relativity, the curved
metric h,, represented the gravitational potential y, and in particular, represented the
objective gravitational radiation, i.e., the so-called gravitational wave.

However, the solutions in Eq. (15.17) and Eq. (15.32) of GOR field equation
suggest that, in essence, the metric g.,=g..(7) and the curved h,,=h,.(7) of the
observational spacetime X*d(n) of the general observation agent OA(7) depend on
the information-wave speed n of OA(7). Therefore, the curved metric h,,=h,.(7)
does not represent the gravitational potential, let alone the objective gravitational
radiation or the so-called gravitational wave.

The curved metric in the approximate solution of GOR field equation (15.17) is:

2y 2y XX
hoo(n):? hik(n):?T h, (17)=0

(15.36)
(X =nt,x =x,x" =y,xX’ =27;i,k =1,2,3)

The curved metric in the exact solution of GOR field equation (15.32) is:

hoo(n)=f7_)2[ hu(n)=1-(1+f7—fjl h(7)=0 h,(n)=0

(X =nt,x' =r,x* =60,x* =i,k =1,2,3)

By observing Eq. (15.36) and Eq. (15.37), we know that, regardless of the
Cartesian coordinates or the spherical coordinates, regardless of the approximate
solution or the exact solution, the nonzero elements of the curved metric h,, in the
solution of GOR field equation contains an important dimensionless factor:
Cw=|x|/7? i.e., the ratio of the gravitational potential |y| to the square of the
information-wave speed 7; which can be called the Factor of Carrier Wave.

If the observation agent OA(#) is the optical agent OA(c) (like the case of the
approximate solution (Eq. (15.3)) or the Schwarzschild exact (Eq. (15.7)) of Einstein
field equation), then: Cw=|y|/c?.

It should be pointed out that, it is exactly the factor Cw=|y|/c? of carrier wave

that makes the gravitational spacetime of Einstein’s optical observation appear to be
somewhat curved.

From Einstein’s perspective of optical observation: Cw=|y|/c?, where the speed

(15.37)
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c of light in vacuum is a cosmic constant. Therefore, Einstein attributed spacetime
curvature to the gravitational potential y: the stronger the gravity, the larger the ||,
the greater the Cw or the |h,,|, and the more curved the gravitational spacetime is.

However, in the theory of GOR, from the perspective of the general observation
agent OA(7): Cw=|y|/7?, where 7 is the information-wave speed of the general
observation agent OA(#) and different observation agents might have different
information-wave speeds. So, the reason why gravitational spacetime appears to be
somewhat curved is in essence not due to the distribution of matter and energy (),
but due to the observational locality (r7<w) of the observation agent OA(#). The
solutions in Eg. (15.17) and Eg. (15.32) of GOR field equation show that, in the
same gravitational scene under different observation agents, the gravitational
spacetime exhibits different curvatures: the lower the information-wave speed 7 of
the observation agent OA(#), the greater the carrier-wave factor Cw=|y|/7? and the
curved metric |h..|=|h..(7)|, the more curved the gravitational spacetime would be.
Conversely, if 7— oo, the carrier-wave factor Cw=|y|/7—0, and the curved metric
in the solution of GOR field equation tends to zero: h,,—0.

According to the theory of GOR, the curved metric h,,=h,,(7) of gravitational
spacetime depends on the information-wave speed 7 of the observation agent OA(#).
This fact suggests that the curved metric h,, does not represent the gravitational
potential y, let alone gravitational radiation or gravitational waves.

It could be imagined that the curved metric h,,=h,,(x,7) is the carrier wave of
gravitational-interaction information (y), that is, the information wave (77) of OA(#)
modulated by the gravitational radiation signal y, which transmits the information
about gravitational potential y at the information-wave speed 7.

The problem of whether the curved metric h,, means gravitational wave or
information wave will be specifically discussed in Chapter 19.
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16 GOR and Perihelion Precession

The calibration of the coefficient xgor 0f GOR gravitational-field equation
means the formal establishment of the GOR field equation and marks the birth of the
theory of Gravitationally Observational Relativity (GOR), and at the same time,
represents the unity of the two great gravitational theoretical systems of physics,
Newton’s theory of universal gravitation and Einstein’s theory of general relativity.

Chapter 15 has successfully solved the GOR field equation of static spherically
symmetric gravitational spacetime. Now, this chapter will test and verify the GOR
field equation and even the whole theoretical system of GOR around the problem of
the perihelion precession of Mercury, i.e., one of Einstein’s famous three scientific
predictions. We will explore the two-body problem of celestial bodies based on the
theory of GOR, and construct the dynamic model of the two-body system (M,m) of
celestial bodies based on the solution of GOR field equation. We attempt to, under
the principle of general correspondence (GC), combining PGC logical route 1 and
PGC logical route 2, by analogizing or following the logic of Einstein’s theory of
general relativity, deduce the motion equation of the observed planet m moving
around the fixed star M.

The GOR motion equation of planets will be contrasted or analogized with
Newton’s motion model of planets and Einstein’s motion model of planets to test
and verify the theory of GOR including the GOR field equation and the GOR
motion equation, to examine the gravitational relativistic phenomena of celestial
motion, and in particular, to reexamine Einstein’s prediction about the perihelion
precession of Mercury.

16.1 The Evolution of Celestial Motion Images

It can be imagined and understood that the ancients were full of curiosity about
the earth they survived on, as well as the sun, moon, and stars that rose in the east
and fell in the west around the earth every day.

The concept of the globe naturally was introduced later on.

Early Chinese people referred to the earth as A3tB, equivalent to the earth in
English. The ancients thought that the earth was like a Persian carpet. Thanks to it,
we would not fall into the hell at the bottom. It was very difficult for the ancients to
imagine the earth as a sphere or a globe. However, based on the principle of Seeing
is believing, the ancients naturally believed that the sun, moon, and stars that rose in
the east and set in the west revolved around the earth, and their orbits must be circles:
At or the earth must be a globe.

The concept of the globe originated from Ptolemy’s geocentric theory (as
depicted in Fig. 16.1(a)) 3. The geocentric theory was formed approximately in
the 2" century AD, and the core ideas of it could be summarized as: firstly, the earth
was a globe; secondly, the earth was the center of the universe; thirdly, the sun,
moon, and stars all revolved around the earth. In the ancients’ view, it was
reasonable that the orbits of the sun, moon and stars revolving around the earth were

153



all the idealized or standard circles.

p =y The Celestial Sphere — oy
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(b) Copernicus’ heliocentric theory
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(c) Kepler's three laws
and Newton's planetary orbit (d) The orbital precession of planets

Figure 16.1 The Evolution of Celestial Motion Images: From the Earth to the Globe, from the
circles to the ellipses, from the closed ellipses to the precessing ellipses. (a) Ptolemy’s geocentric
theory: the earth is a ball, that is, the globe; the earth is the center of the universe, the sun, moon,
and stars revolve around the earth in the idealized or standard circles. (b) Copernicus’ heliocentric
theory: the sun is the center of the universe, the moon revolves around the earth in the idealized or
standard circle, and the earth and other planets revolve around the sun also in the idealized or
standard circle; the orbits of the earth and all other planets form the concentric circles centered
around the sun. (c) Kepler’s three laws and Newton’s planetary orbit: according Kepler, the orbit
of a planet is a closed ellipse with the sun at one of its focal points; Newton’s motion equation of
planets supports Kepler’s three laws. (d) The orbital precession of planets: astronomical
observation shows that the orbit of a planet is not closed ellipse, and the perihelion of a planet is
not fixed, but precesses year after year.

In the 16™ century AD, Copernicus created the heliocentric theory (as depicted
in Fig. 16.1(b)), in which the center of the universe was moved from the earth to the
sun 41142 Copernicus’ heliocentric theory had made a big step in the right
direction to human being’s understanding of the universe: the earth spun on its own
axis, the moon revolved around the earth, and the earth and other planets revolved
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around the sun. However, in Copernicus’ heliocentric theory, no matter the moon
moving around the earth or the earth or the other planets moving around the sun,
their orbits still followed the idealized or standard circles, and moreover, all the
orbits of the planets were the concentric circles centered on the sun.

In the 17" century AD, Kepler proposed three empirical laws of planetary
motion based on the astronomical observation data accumulated by Tycho, known as
Kepler’s three laws (as depicted in Fig. 16.1(c)) 144143 including the first: orbit law;
the second: area law; the third: harmonic law. The orbit law is also known as the
ellipse law: Each planet’s orbit is an ellipse with the sun at a focus. Kepler’s orbit
law shows that the orbit of a planet is an ellipse rather than the idealized or standard
circle. However, it is worth noting that Kepler’s planetary orbits are closed ellipses,
in which there is no the orbital precession or perihelion precession of planets

After Kepler’s three law of planetary motion, Newton’s three laws as well as
Newton’s law of universal gravitation were successively born [84,

Based on Newton’s laws, Kepler’s three laws of planetary motion could be
derived theoretically. Since then, Mankind’s physics began to entered a new epoch:
from phenomenological physics to theoretical physics. Newton’s theory of universal
gravitation could predict or calculate the more general celestial orbits of conic
curves: as a material system moves in a gravitational field, the orbit or trajectory of
it could be a circle, an ellipse, a parabola, or a hyperbola, all of which are the
idealized or standard conic curves. With respect to the two-body problem of celestial
bodies or the two-body system (M,m) of celestial bodies, based on Newton’s theory
of universal gravitation, one could build up the motion model of the celestial-body m
moving in the gravitational field of the star M for calculating the trajectory of the
observed object m and predicting the behavior of the observed object m. Newton’s
motion equation of planets supports Kepler’s orbit law: the orbit of a planet is a
closed ellipses, and has no orbital precession.

However, astronomical observation tells us that the orbit of a planet is not a
closed ellipse, and the perihelion always insistently precesses (as depicted in Fig
16.1(d)). The precession of Mercury’s perihelion is particularly prominent, and the
observation of optical astronomy shows that the orbital precession rate of Mercury is
approximately 5600.73 arc second per 100 years [126],

All theories in physics are only the idealized models of physical reality.

The two-body system (M,m) of the planet m and the star M is itself an extremely
idealized system, and is often further idealized as the one-body problem where the
two-body system is reduced to the one-body system: the planet m orbits the
stationary star M. The corresponding idealized conditions include: (a) the speed of
gravitational radiation is infinite; (b) the star M is at rest; (c) both the star M and
planet m are particles or mass points, no matter the one-body or the two-body, the
(M,m) is an isolated system; (d) it takes no time for the gravitational radiation to
cross space; (e) The observer O is based on the stellar perspective of M, and is at rest
relative to the star M and located at the zero potential. However, the actual situation
of celestial system is that: the speed of gravitational radiation is finite or limited; the
star M and the planet m relatively move due to gravitational interaction; the star M
and the planet m are not particles, and their material distributions are non-uniformity,
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asymmetric, and non-static; the (M,m) is surrounded by countless celestial bodies or
other matter particles, not an isolated system; the observer O is generally located on
the earth, trapped in the gravitational field of the sun and the earth, and moves
relative to the star M and the observed planet m.

Therefore, it could be imagined that the moon’s orbit around the earth, and the
earth, Mercury, Venus, Mars Jupiter, and other planets’ orbits around the sun, must
not be the idealized or standard closed ellipses, let alone the idealized or standard
closed circles. In the objectively physical world, it is natural and reasonable, and
even inevitable, for a planet moving around a star to present the orbital precession or
the perihelion precession. On the contrary, it is hard for us to imagine that the earth
could move round and round the sun in the same closed ellipse or circle without
drifting. Actually, as far as the data of astronomical observation are concerned, the
objective and real celestial systems conform to our theoretical models so well that it
is far beyond our imagination or expectation. As for Mercury, it only precesses at
the rate of about 13.5” per revolution around the sun. It is thus clear that Newton’s
two-body model of celestial bodies is already quite perfect.

Mercury, as the closest planet to the sun in the solar system, has the most
prominent orbital precession. Physicists have conducted the modified calculation
based on Newton’s theory for the non-idealized factors of the two-body system
(Sun,Mercury). Deducting the precession of the equinoxes caused by the non-inertial
geocentric coordinate system (about 90%) and the perturbation made by other
planets (especially Venus, Earth, and Jupiter) to Mercury (about 10%), totaling
5557.62 arc second, finally, there is only 5600.73"-5557.62"=43.11" left unable to
find out the attribution, which is a very small amount of the total of 5600.73"”. The
gravitational locality, the irregular shape of the sun, the sun’s spin, and so on could
also exacerbate the precession of Mercury’s perihelion.

In 1915, after his theory of special relativity [ of 1905, Einstein established his
theory of general relativity 8. Einstein applied his general relativity to the two-body
problem of celestial bodies, and constructed the dynamic model of the two-body
system (M,m) of celestial bodies. Einstein’s motion equation of the planet m
contains the information of the orbital precession of the planet m: the orbital
precession term of the planet m that Newton’s motion equation has no. Thus, the
miracle happened: Einstein’s motion equation of Mercury showed that the perihelion
precession rate of Mercury’s orbit around the sun was 43.03” per 100 years, which
was extremely consistent with the 43.11” in the total of 5600.73"” that had not yet
found out the attribution. Although many physicists have doubts about Einstein’s
prediction of Mercury precession 8], the mainstream school of physics believes that
this calculation conclusion is the support for Einstein’s theory of general relativity.

However, the problem is that: whether the 43.11" or the 43.03" is a very small
fraction of the actual observed value 5600.73"” of Mercury’s precession, less than
0.8%; then, why could Einstein’s theory of general relativity only predict the 0.8%
of the actual observed value 5600.73" of Mercury’s precession, but could not predict
the rest 99.2%? In addition, another problem is that: there are many factors that
could lead to the precession of Mercury’s perihelion; then, why could not physicists
employ Einstein’s theory of general relativity to deduct the precession of the
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equinoxes caused by the non-inertial geocentric coordinate system and the
perturbation of other celestial bodies to Mercury?

In summary: (i) the actual observed value of Mercury’s precession rate reaches
5600.73 arc second per 100 vyears; (ii), the planetary precession predicted by
Newton’s dynamic model of the two-body system is null, but based on Newton’s
theory, one could deduct or calculate the orbital precession rate (532" per 100 years)
of Mercury caused by the perturbation of other celestial bodies to Mercury; (iii), the
orbital precession rate (43.03" per 100 years) of Mercury predicted by Einstein’s
theory of general relativity is far from the actual observed value of 5600.73"”, and
there is no comparability between them.

Actually, Einstein’s motion equation of planets based on general relativity
implies almost all the idealized conditions implied in Newton’s motion equation of
planets, including the action at a distance of gravitational interaction (see Sec. 12.1
in Chapter 12). The only difference is that Einstein’s theoretical model implies the
condition of the observational locality of optical observation: in Einstein’s theory,
the observation medium for transmitting the spacetime information of observed
objects is light. As stated repeatedly by the theory of OR (including IOR and GOR),
Einstein’s theory is the theory of optical observation, belonging to the optical agent
OA(c), whose information-wave speed is finite or limited by the speed c of light,
and naturally, OA(c) has the observational locality (c<co).

Both Einstein’s motion equation of planets and Newton’s motion equation of
planets have no the prior information about the orbital precession of planets, for
instance, the precession of the equinoxes and the perturbation of other celestial
bodies, as well as, the non-idealized factors of the sun. Like Newton’s planetary
mode, Einstein’s planetary motion has no the prior information about the Mercury
precession of 5557.62". So, it is impossible for Einstein to predict or calculate the
Mercury perihelion-precession rate of 5557.62" per 100 years.

The theory of GOR will clarify that the orbital precession rate of Mercury
predicted by Einstein’s theory of general relativity: 43.03 arc second per 100 years
does not represent the real precession of Mercury’s perihelion, but the observational
effect or apparent phenomenon caused by the observational locality (c<w) of the
optical observation agent OA(c).

It should be pointed out that the data of Mercury precession of the 5600.73 arc
second per 100 years were observed by the optical observation agent OA(c).
Suppose that the orbital precession of planets as the observational effects of
observation agents could be reflected and recorded in the data of astronomical
observation, then the Mercury precession of the 43.03” predicted by Einstein’s
theory of general relativity might indeed be employed to explain the 43.11" in the
actual observed value of 5600.73" that has not yet found out the attribution. Thus,
this is not only the support for Einstein’s theory of general relativity but more
importantly the support for the theory of GOR.

As far as the perihelion precession of Mercury is concerned, astronomical
observation seems more inclined to support Einstein’s theory of general relativity
than Newton’s theory of universal gravitation. This is not surprising, nor does it
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mean that Einstein’s gravitational theory is more correct than Newton’s gravitational
theory. Human being’s astronomy, including optical astronomy and radio astronomy,
is the astronomy of the optical observation agent OA(7). The information-wave
speed is the speed c of light in vacuum. Naturally, the astronomical observation by
means of the optical agent OA(c) is more consistent with Einstein’s theory of
general relativity rather than Newton’s theory of universal gravitation.

This chapter will establish the new theoretical model for the two-body system
(M,m) of celestial bodies based on the theory of GOR, and derive the GOR motion
equation of the observed planet m. According to the principle of GC, the GOR
motion equation of the planet m must be isomorphically consistent with Einstein’
motion equation of the observed planet m., which naturally will contain the orbital
precession term of the planet m, and then can predict and calculate the orbital
precession rate of the planet m or Mercury. Just as Einstein’s motion equation of the
planet m depends on the optical agent OA(c) and the light speed c, the GOR motion
equation of the planet m must depend on the general observation agent OA(#) and
the information-wave speed 7 of OA(#n): under different observation agents, the
same planet would exhibit different degrees of orbital precession. Accordingly, one
could make such judgment that both the orbital precession rates of planets predicted
by Einstein’s theory of general relativity and the orbital precession rates of planets
predicted by the theory of GOR do not represent the real perihelion precessions of
planets, but is just observational effects and apparent phenomena.

16.2 Newton’s Celestial-Body Model

Kepler’s orbit law suggests that 141, a planet moves around a star in a closed
elliptical orbit, and the star is located on a focus of the ellipse, which is mainly based
on Tycho’s observation data of the Mars 1431,

The establishment of Kepler’s three laws greatly promoted human being’s
understanding of the operation laws of celestial motion and the exploration of the
motive forces behind celestial motion. Then, Galileo proposed the concept of
Central Force; Newton established the law of universal gravitation 1. Thus, the
orbit of a planet around the sun could theoretically be derived. However, the motion
equations of celestial bodies derived from Newton’s law of universal gravitation are
more general conic curves, and the elliptic orbit is only one form of them.

Newton’s celestial-body model are naturally based on classical mechanics and
Newton’s laws, including Newton’s second law and Newton’s law of universal
gravitation. Newton’s celestial-body model belong to the category of the textbooks
of general physics. However, as a special case of the GOR celestial-body model, it is
of important significance for us to understand the theory of GOR.

16.2.1 Newton’s Two-Body Problem of Celestial Bodies

Both Newton’s celestial-body model and Einstein’s celestial-body model belong
to the two-body problem of celestial bodies, that is, the theoretical model of the
two-body system (M,m) of celestial bodies, which is extremely idealized and can be
described as follows.
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Figure 16.2 The Formalized Coordinates of Celestial Two-Body Problem. (a) Central force
and spherical coordinates: the two-body system (M,m) of celestial bodies is idealized as an
isolated system in the space of spherical-coordinate O(r, 6, @), where the large mass celestial-body
M (the sun or a star) is located at the coordinate origin of O, and the small mass celestial-body m
(a planet or comet or satellite or even photon) moves in the gravitational field of M; universal
gravitation is a sort of central force that always points towards the large mass celestial-body M (at
the coordinate origin O). (b) The orbital plane of the small celestial-body m: according to the
property of central force, the motion of the particle m is limited to a fixed plane.

Newton’s Two-Body System of Celestial Bodies: (M,m), the star M and the
planet m interact through the universal gravitation between them, M produces the
gravitational field, and m moves in the gravitational field.

The Idealized Conditions for Newton’s Two-Body System: Newton’s
two-body system (M,m) implies the following idealized conditions.

(i) The action at a distance of gravitational interaction: gravitational radiation
is action at a distance; the speed of gravitational radiation is infinite.

(ii) The isolated system: (M,m) is an isolated system, not affected by the matter
or energy outside (M,m); both the star M and the planet m could be regarded
as particles or mass points, M is at rest and the planet m moves in the
gravitational field of M.

(iii) The idealized observation agent: Newton’s observation agent is the
idealized observation agent OA.., the information-wave speed of OA. is
idealized to be infinity, the spacetime information of the observed planet m
takes no time to cross space.

(iv) The idealized observer: the observer O employs the idealized observation
agent OA. to observe the planet m from the perspective of M; in theory, O
is at rest relative to M and located at the position of zero potential.

The Formalized Coordinates of Newton’s Two-Body System: as depicted in
Fig. 16.2, the motion of Newton’s two-body system (M,m) is described in both the
3d Cartesian-coordinate O(x,y,z) and the corresponding the 3d spherical-coordinate
O(r, 6, ¢) (Fig. 16.2(a); Eq. (15.6)), the large mass celestial-body M is located at the
coordinate origin O, and the small mass celestial-body m moves in the plane of X-Y
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(0=712) (Fig. 16.2(b)).
Actually, the two-body problem of celestial bodies explored by both Newton
and Einstein could be further idealized and reduced to the one-body problem, only

examining the motion of the planet m: the star M is at rest; the observer O observe
the planet m from the perspective of the star M.

16.2.2 Newton’s Theory of Universal Gravitation
and The Two-Body System of Celestial Bodies

In the idealized two-body system (M,m) of celestial bodies, the matter particle M
and the matter particle m interact through universal gravitation; gravity or
gravitation is a sort of central force, and the force acting on the matter particle m
always points the matter particle M. As depicted in Fig. 16.2(a), F(r) represents the
central force exerted on m; F(r) is a function of r: F(r)=Fr/r. Here, F(r) belongs to
universal gravitation and always points towards the matter particle M (located at the
coordinate origin O), so it follows that F<0.

Newton’s Second Law and Planetary Motion

According to Newton’s second law:

r
F(r)=m— | F(r)=F - 16.1

()-mSE (Fin-r1) (161
where r (r=|r]) is the radius vector of M pointing to m, F(r) is the gravitational force
or central force exerted by M to m, M and m also denote the masses of celestial
bodies (m<<M).

In the Cartesian-coordinate O(X,Y,2):

2 2
FX:md—Z(:Fr5 and Fy:md—X:F,X (16.2)
dt r dt r

In the corresponding spherical-coordinate O(r, 6, ¢):

2 2
F =m d—(f—r(d—(pj
dt dt

h _ppde_pde g

dt dr
where hx=rv=L/m is a constant, known as the velocity moment; L=rmv is the
angular momentum, or the momentum moment; in the Cartesian spacetime with
the idealized observation agent OA., dt=d .

Equation (16.3) proves Kepler’s area law (Fig. 16.1(c)): the area swept out by
the radius vector r (r=|r|) of the planet m per unit time is the same or equal. And
moreover, Eq. (16.3) proves the conservation law of angular momentum:
L=mr2dgl/dt is a constant.

As a central force, the gravitational force F(r) always points towards the center

of force and mass, i.e., O or the star M. According to Kepler’s laws or classical
mechanics, the planet m subjected to the gravitational force (a central force) of the

(16.3)
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star M must always remains in the plane of X-Y (6=x/2).
Binet Equation

The universal gravitation F(r) is a kind of conservative force. Based on the
conservation law and Eq. (16.3), one can get the Binet equation of the planet m:

d’u F 1
hZu? ul=—-" |u==
k [d¢2+ j m ( rj (16.4)

Newton’s Law of Universal Gravitation and Planetary Motion

Substituting Newton’s law of universal gravitation into Binet equation (16.4),
one can get Newton’s motion equation of the planet m:

d’u GM GMm
——tu=—r |F=-—5
de hy r
where, G is the gravitational constant, and M is the mass of the star (M >>m).
The Forms of Newton’s Celestial Orbits
Solving the differential equation (16.5), one has

(16.5)

2

1 P h«
r=—=————#+ =——,e=C 16.6

u 1l+ecos(p—g,) (p GM spj (16.6)
This is the standard conic equation, where the celestial body M is located at a focus
of the conic curse, e is the orbital eccentricity of the celestial body m, and Cs and ¢o
are the integration constants.

By adjusting the zero point of time, or rotating the X-Y plane around the Z-axis
one could set the initial angle @o of the orbit of the observed planet m to a specific
value, or set it to ¢o=0. In Eq. (16.6), Cs depends on the initial angular momentum L
of m and the initial mechanical energy E of m.

According to Eqg. (16.6), in the two-body system (M,m) of celestial bodies, the
orbital eccentricity e=Csp of the small celestial body m (which could be a planet or
comet or satellite or even photon) depends on the gravitational constant G and the
gravitational field source M, as well as, on the initial angular momentum L of m and
the initial mechanical energy E of m.

According to the classical formula of celestial mechanics:

2EL?
+ GZM 2m3
where the total mechanical energy E=K+V of m is the sum of the kinetic energy K of
m and the potential energy V of m; v is the speed of m, r (r=|r|) is the radius vector
of m, and m also denotes the mass of the celestial body m; L is the angular
momentum of the celestial body m: L=mrv.

According to Eq. (16.7), in the two-body system (M,m) of celestial bodies, the
orbital eccentricity e of the celestial body m is a constant.

e=,[1 (E=K+V;L=mvr) (16.7)
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The eccentricity e determines the form of the orbit of the celestial body m:

(i) e=0:acircle;

(if) 1>e>0: an ellipse;

(iii) e=1: a parabola;

(iv) e >1: a hyperbola.

Naturally, the orbit of a planet bound to a star must be an ellipse, and therefore,
its orbital eccentricity e must be greater than zero and less than one: 1 >e>0. Taking
Mercury and the earth as examples, the eccentricity e of Mercury’s orbit around the
sun is e=0.2056; while the eccentricity e of the earth’s orbit around the sun is only
0.0167, closer to a circle than Mercury’s orbit.

Newton’s motion equation (Eq. (16.5)) of celestial bodies proves Kepler’s first
law, i.e., the ellipse law: the orbit of a planet is an ellipse.

16.2.3 Newton’s Motion Equation of Planets
and The Orbital Precession of Planets

Let the initial angle ¢@o of the orbit of the observed planet m be zero: ¢o=0, then
one has the solution of Newton’s motion equation (Eg. (16.5)) of the planet m:
GM du GM .
1+ecos and —=-——esin 16.
Nz ( ?) dp g oY (16.8)
where the gravitational constant G and the mass M of the star, as well as, the
velocity moment hx and orbital eccentricity e of the planet m, are all constant.

At the perihelion of the planet m, naturally, du/d=0.

Let A be the orbital precession angle of the planet m per revolution. Let k=1,
that is, the planet m orbits the star M for one cycle, as depicted in Fig. 16.1(d): the
planet m starts from the perihelion P and travels to the next perihelion P’. Then, the
scanning angle of the planet m should be p=27+Ag. Substituting p=2z+A¢ into Eq.
(16.8), it follows that Ap=0.

This means that, according to Newton’s planetary models (Eg. (16.5) and Eq.
(16.6)), there is no the orbital precession of planets.

Actually, Newton’s planetary models (Egs. (16.5-6)) means that the orbit of the
planet m around the star M is the idealized or standard ellipse, which is closed and
has no the orbital precession or the perihelion precession. Therefore, Newton’s
planetary models of the celestial two-body system could not predict or calculate the
orbital precession of planets or the perihelion precession of Mercury.

So, why could not Newton’s planetary model of the celestial two-body system
predict the perihelion precession of planets or Mercury?

In the solar system, the precession of Mercury’s orbit is particularly prominent.
Perhaps, it is because Mercury is closest to the sun that the non-idealized factors of
the two-body system (Sun, Mercury) are the most prominent. Astronomical
observation shows that Mercury’s perihelion precesses at the rate of 5600.73" per
century. The correction calculation after considering the non-idealized factors shows

u=
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that the 5557.62" of it are rooted from the precession of the equinoxes and the
perturbation of other celestial bodies. However, Newton’s planetary model of the
idealized two-body system has no the prior knowledge or information about the
precession of the equinoxes and the perturbation of other celestial bodies. Therefore,
Newton’s planetary model (Egs. (16.5-6)) could not predict and calculate the
Mercury’s precession of the 5557.62". The rest, i.e., the precession of 43.11", might
be attributed to observational residuals or other unknown factors, that needs to be
further examined.

It will contribute to our understanding of Einstein’s gravitational theory and the
gravitational theory of OR to review Newton’s planetary model of the celestial
two-body system. It will contribute to our understanding of Einstein’s prediction of
Mercury’s precession of the 43.03” per century to analogize Newton’s planetary
model with Einstein’s planetary model and the GOR planetary model.

16.3 Einstein’s Celestial-Body Model

Newton’s planetary mode of the idealized celestial two-body system (M,m)
failed to predict or calculated the orbital precession of Mercury, so how could
Einstein’s planetary model predict the orbital precession of Mercury and calculate
the precession angle of 43.03 arc second per 100 years?

Newton’s planetary model is derived from classical mechanics and Newton’s
laws, and is the product of Newton’s theory of universal gravitation; Einstein’s
planetary model is the product of Einstein’s theory of general relativity. However,
they are both the celestial motion model of the two-body system, describing the
motion of celestial bodies in gravitational field. Actually, with respect to the
idealized two-body problem of celestial bodies, there is no prior knowledge or
information about the orbital precession of planets or Mercury. Therefore, no matter
Newton’s theory of universal gravitation, or Einstein’s theory of general relativity,
or even the theory of GOR, could not predict or calculate the objectively orbital
precession of planets or Mercury based on the idealized two-body model.

Based on Einstein’s theory of general relativity, one could build the Einstein
field equation and motion equation for the two-body problem (M,m) of celestial
bodies. Like Newton’s motion equation of celestial bodies, Einstein’s motion
equation of celestial bodies is also a special case of the GOR motion equation of
celestial bodies. Under the principle of general correspondence (GC), the logic of
Einstein’s planetary model will serve as a reference for the GOR planetary model,
including the deduction of the motion equation of the planet m and the calculation of
the orbital precession of the planet m.

16.3.1 Einstein’s Two-Body Problem of Celestial Bodies

Like Newton’s theoretical model of the celestial two-body system, Einstein’s
theoretical model of the celestial two-body system (M,m) also contains idealized
conditions, which can be described as follows.

Einstein’s Two-Body System of Celestial Bodies: (M,m), the star M and the
planet m interact through the universal gravitation between them, M produces the
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gravitational field, and m moves in the gravitational field.

The Idealized Conditions for Einstein’s Two-Body System: Einstein’s
two-body system (M,m) implies the following idealized conditions.

(i) The action at a distance of gravitational interaction: gravitational radiation
is action at a distance; the speed of gravitational radiation is infinite.

(ii) The isolated system: (M,m) is an isolated system, not affected by the matter
or energy outside (M,m); both the star M and the planet m could be regarded
as particles or mass points, M is at rest and the planet m moves in the
gravitational field of M.

The above idealized conditions are the same as that of the idealize conditions of
Newton’s two-body system. However, Einstein’s celestial two-body problem does
not contain the conditions of the idealized observation agent and the idealized
observer, but instead of the condition of the optical observation agent and the
condition of the optical observer.

The Optical Agent and the Conditions of Optical Observation: In Einstein’s
celestial two-body system (M, m), the observation agent is realistic and non-idealized,
and there are the implied observation conditions as follows.

(i) The optical observation agent: Einstein’s observation agent is the optical
observation agent OA(c), the information-wave speed of OA(c) is the speed
c of light, it takes time for OA(c) to transmit the spacetime information of
the observed planet m to observers.

(ii) The optical observer: the observer O employs the optical observation agent
OA(c) to observe the planet m from the perspective of M; in theory, O is at
rest relative to M and located at the position of zero potential.

Newton did not realize that his theory is the theory of the idealized agent OA.;
likewise, Einstein also did not realize that his theory is the theory of the optical
agent OA(c). The theory of OR (including IOR and GOR) has clarified that
Einstein’s theory of relativity, including the special and the general, is that of optical
observation. Naturally, the observation agent in Einstein’s planetary model is no
longer the idealized agent OA.. of Newton’s theory of universal gravitation, but the
optical agent OA(c) of Einstein’s theory of general relativity. The optical agent
OA(c) has the observational locality (c<), which is the fundamental difference
between Newton’s two-body system of celestial bodies and Einstein’s two-body
system of celestial bodies.

The Formalized Coordinates of Einstein’s Two-Body System: as depicted in
Fig. 16.2, like Newton’s formalized coordinates, the motion of Einstein’s two-body
system (M,m) is also described in both the 3d Cartesian-coordinate O(x,y,z) and the
corresponding 3d spherical-coordinate O(r, 6, ¢) (Fig. 16.2(a); Eq. (15.6)), the large
mass celestial-body M is located at the coordinate origin O, and the small mass
celestial-body m moves in the plane of X-Y (6=7/2) (Fig. 16.2(b)).

Like Newton’s two-body problem of celestial bodies, Einstein’s two-body
problem of celestial bodies could also be idealized and reduced to the one-body
problem, only examining the motion of the planet m: the star M is at rest; the
observer O observe the planet m from the perspective of the star M.

164



16.3.2 Einstein’s Theory of General Relativity
and The Two-Body System of Celestial Bodies

After the establishment of his theory of general relativity, Einstein applied it to
the two-body problem (M,m) of celestial bodies. Based on his weak-field
approximate solution of the gravitational-field equation of the star M, Einstein built
the motion equation of the planet m, and calculated that the orbital precession rate of
Mercury was 43.03 arc second per 100 years [, Later, Schwarzschild obtained the
exact solution of Einstein field equation of the static spherically-symmetric
gravitational field in the trenches on the front line of World War 1 [, Based on the
Schwarzschild solution, one could build the more credible celestial model of the
two-body system (M,m), and more accurately predict celestial motion.

For the two-body problem of celestial bodies, based on Einstein’s theory of
general relativity, by substituting Schwarzschild solution (see Egs. (15.7-8) in
Chapter 15) into the line-element formula of general relativity or Einstein’s motion
equation (the geodesics), one could build the planetary model of the two-body
system (M,m), i.e., the motion equation of the planet m.

Schwarzschild Line-Element Formula

As shown in Egs. (15.7-8), the Schwarzschild solution is the spacetime metric
9.0=9.v(1,0) in the spherical-coordinate O(r, 6, ) form:

9. =diag(goov 0111 92 933) =diag(e51 _eg, _r2' —r?sin? 6’)
L 16.9
[ele_ZGM’eg:(l_ZGMj ;QEH;ZOJ (16.9)

c’r c’r
Then, the Schwarzschild line-element formula can be expressed as:
ds? =g,,dx°dx’ + g,,dx"dx" + g,,dx’dx’ + g,,dx’dx’
=e c’dt’ —e“dr® —r*d@” —r’sin® 6d ¢’ (16.10)
(x*=ct,x' =1, X’ =0,%* =; ©=0,1,2,3)

where both r=0 and r=2GM/c? are the two singularities of the Schwarzschild
line-element formula

The Geodesics of the Planet m

By substituting the Schwarzschild solution into Einstein’s motion equation of
general relativity, one could get the motion equation of the two-body system of
celestial bodies, i.e., the geodesics of the observed planet m:

2 Hu a B
b ad
dr dr dr

1 v
F:ﬁ :Eg/—t (gav,ﬁ + gvﬂ,a - gﬁayv) (1611)

(x° =ct,x'=r,x*=6,x° :(/);y:0,1,2,3)
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where t is the observational time (Einstein called it the coordinate time), and zis the
intrinsic time (Einstein called it the standard time).

Equation (16.11) has four relations (1=0,1,2,3): (i) t=t(2); (ii) r=r(2); (iii)
0=0(7); and (iv) p=¢(7). Examining each relation in Eq. (16.11) will contribute to
our understanding of Einstein’s theoretical model of the celestial two-body system
(M,m) and to our understanding of the planetary orbits under the optical observation
agent OA(c). In particular, it will provide the analogy and reference for the
deduction of the GOR motion equation of the planet m.

Relation t=t(7z) and the Factor of Spacetime Transformation
Based on the Schwarzschild metric g,,=g,.(r, ) €8
Fgo :Flolzfzoz :Faos =0
F§22F83=1—'102:1—'103:F§3=O

(16.12)
-1 (20
2dr rc
Let 12=0, then x#=x%=ct. According to Eq. (16.11):
dz? “ dr dr
o dx® dx° o dx%dx'  _,dx' dx*
=—Loy—————2l———— [ ———
dr dr dr dr dr dr
0 1 i k
ppe SO0 od o
dr dr dr dr
dx® dx*
=27 = = 16.13
“dr dr ( )

By contrasting Eq. (16.11) and Egs. (16.12-13), one could have the second-order
differential equation of t:

2
gt deat (16.14)
dz® drdr
By integrating Eq. (16.14) of t, one could get:
_ C (16.15)

_Ezl—ZGM/czr

where C is a constant, and particularly, y=dt/dz is exactly the factor of spacetime
transformation in Einstein’s theory of general relativity.

According to the concepts of Einstein’s general relativity, the differential
equation (16.14) of t describes the relationship between the coordinate time t and the
standard time z, which means that the coordinate time t of the observed planet m is
different from the standard time z. Actually, the differential equation (16.14) of t has
the more profound significance: the observation agent of Einstein’s general relativity
is the optical agent OA(c), and the observational time t of OA(c) is different from
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the intrinsic time or the proper time 7, i.e., the objectively real time.
Relation 8=60(r) and Kepler’s Orbit Law
Based on the Schwarzschild metric g,,=g,.(r,8) 68l
Fozo :Flzlzrzzz =0
]"021:]"022 :[‘023:[‘123:['223:0

(16.16)
r=1r
% =-sin@cosd
Let 12=2, then x#=x?=6. According to Eq. (16.11):
dz2  “dr dr
, dx° dx° , ax%dx_, dx' dx* , dx' dx*
=t —————2lg6————li———="1Ti\————
dr dr dr dr dr dr dr dr
“dr dr Zdr dr ®dr dr
1 2 1 3 2 3
.Q[EQLQL_Z[éQLQL_ZFiQLQL
dr dr dr dr dr dr
3 3 1 2
_ 2 I dX (16.17)

33 o 2 3

dr dr dr dr

By contrasting Eq. (16.11) and Egs. (16.16-17), one could have the second-order
differential equation of 4:

2 2
d—f—sin@cose(d—(ij +g£d—9:0 (16.18)
dr dr rdzdr
Without loss of generality, suppose that, at the initial time t=0, the observed
planet m runs in the plane of X-Y (6=7/2), then:
d’e
=0 cosf| =0 el

deo

dr

~0 (16.19)

0

Equations (16.18) and (16.19) about 8 mean that the orbital plane of the planet
m is fixed and constant in Einstein’s theoretical model (Eq. (16.11)) of the two-body
system. This is consistent with Kepler’s orbit law and Newton’s planetary model.

0

Relation ¢=¢ (7) and Kepler’s Area Law
Based on the Schwarzschild metric g,,=g,.(r,6) ©8:
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Fc?o:F131:F232:F333:0
F§1=F32=F§3=F132=0

16.20
r}=1r ( )
I, =cotd
Let 12=3, then x#=x3=¢. According to Eq. (16.11):
dz2  “ dr dr
A dddadX Xt dXdx!
®dr dr “dr dz " dr dr “ds ds
“dr dr 2dr dr ®dr dr
1 2 1 3 2 3
_zfédidi_z 133didi_2 gsdidi
dr dr dr dr dr dr
1 3 2 3
_ o dx” dx o dx® dx (16.21)

“drdr T ®drodr

By contrasting Eq. (16.11) and Egs. (16.20-21), one could have the second-order

differential equation of ¢:

2
d_f+3£d_(/’+ 2cot0 3992 _ (16.22)
dz° rdrdr dr dr

Since the orbital plane of a planet is fixed and constant, without loss of

generality, suppose that the planet m runs in the plane of X-Y (6=x/2), then the Eq.
(16.22) of ¢ could be written as follows:

d2_¢7 + Eﬂd_q) =0
dz? rdrdr (16.23)
By integrating Eq. (16.23) of ¢, one could get:

r’ g_(o =h, =const (16.24)

T

where the velocity moment hx=L/m of the planet m is a constant, and naturally, the
angular momentum L=mhg of the planet m is also a constant.

Equation (16.24) is exactly the area law (Eq. (16.3)) of Kepler’s three laws as

shown in Fig. 16.1(c): the area swept out by the radius vector r (r=|r|) of the planet
m per unit time is the same or equal. Essentially, Eq. (16.24) is the conservation law
of angular momentum: L=rmv is constant. (It is worth noting that here the mass m of
the planet is the gravitational mass, or the intrinsic mass of the planet m, rather than
the relativistic mass.)

It should be pointed out that, in Newton’s motion equation (Eq. (16.3) and Eqg.

(16.5)) of the planet m, Kepler’s area law is expressed as r’de/dt=hk, where the
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time t seems to be the observational time or coordinate time, rather than the intrinsic
time or standard time z Some physicists believe that there is a slight difference
between the velocity moment constant hk=r?deg/dzin Kepler’s laws or Newton’s
classical mechanics and the velocity moment constant hk=r?de/dt in Einstein’s
theory of generalized relativity 8. However, as a matter of fact, Kepler’s three laws
of planetary motion, like Newton’s laws, are the laws of the idealized observation
agent OA... According to the Lemma 13.1 of the theorem of Cartesian spacetime in
Chapter 13, the observational time t of OA. is just the intrinsic time z: dt=dz
Therefore, Kepler’s area law and that (r’de/dt=hk in Eq. (16.3)) derived from
Newton’s laws, as well as that (r’de/d r=hk in Eq. (16.24)) derived from Einstein’s
theory of general relativity, are the same or equivalent.

Relation r=r(z) and the Orbital Equation of the Planet
Based on the Schwarzschild metric g,,=g,.(r,6) [

Féi=]*112=]“113=]“;3=0
1.,..d
Féo :Eeé gd_f (e‘f :gooveg :_gu)
1dg (16.25)
r=-= -
e (€=-9)
I, =-re*
Iy =-rsin’ge™
Let 1£=1, then x#=x!=r. According to Eq. (16.11):
dr? Y dr dr
0 i
B Féodx dx’ 2rgididi— 1dx dx
dr dr dr dr “dr dr
1 1
= ]*30 dx” dx’ rllldidi
dr dr dr dr
3 3
9 dx? dx* _ dx” dx (16.26)

22 383

dr dr dr dr

By contrasting Eq. (16.11) and Egs. (16.25-26), one could have the second-order
differential equation of r:

dr_ 1. dj(czeé didt . ﬂﬂ)

dz? 2 dr drdr drdr (16.27)
ref 8999 | 1ine ges 9292
rdr dr dr

According to the Schwarzschild line-element formula (16.10):
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dt dt dr dr dodée . dpde
f—— e —— 1’ ——r’sin" g——— 16.28
drdr drdr dr dr dr dr ( )
Thus, Eq. (16.27) could be rewritten as

¢’ =c%

dr ¢ de ( oor édgjdedH
=t 2 et ——ef =2 [
dr 2 dr 2 dr/drdr
2
\sin? e(re;_ r egd_e‘jd_(/’dﬁ (16.29)
2 dr/drdr

Since the orbital plane of the planet m is fixed and constant, without loss of
generality, suppose that the planet m runs in the plane of X-Y (6=7/2), then:

d’r _%{r_?,em jd_(od_(p

a2 P ¢ Jdrdr (16.30)
[eg_l_ 2GM . d¢ _2GM '
¢r ' dr cir?

Equation (16.30) is the theoretical model of the celestial two-body system (M,m)
based on the Einstein’s theory of general relativity, i.e., Einstein’s motion equation
of the planet m, which is the second-order nonlinear differential equation of the
radius vector r (r=|r|) and angle ¢ of the planet m with respect to the standard time z,
where suppose the orbital plane of the planet m is: X-Y (0=7/2).

16.3.3 The Binet form
of Einstein’s motion Equation of the Planet

Usually, the 3d-space motion trajectory of an object can be expressed by a set of
spherical-coordinate equations: (i) r=r(t); (ii) 6=06(t); and (iii) p=¢(t). However, for
a central force (such as gravity or universal gravitation), the motion plane of the
object is fixed or constant, and the motion equation can be reduced to: r=r(t) and
p=¢(t); and moreover, the angular momentum L=hkm is conserved, and hence, the
differential of ¢ with respect to the time t can be eliminated by de/dt=hx/r?. Then,
one can transform Eq. (16.30) to the second-order differential equation of the
reciprocal u (=1/r): d?r/dp?=u(e), that is, the Binet form of Einstein’s motion
equation of the planet m, like Eq. (16.4).

According to Eq. (16.24): r’dp/d =hk, Eq. (16.30) could be rewritten as

dr __GM 1., 3GM
dz? 2o

h2 (16.31)

3

By following the logic of Binet equation, let u=1/r, then dg/dr=hk/r>=hgu?,
and from Eq. (16.30), it follows that

2
0 h Y and 9oy

dr du
dr de dz? de?
By substituting Eq. (16.32) into Eq. (16.31), one could get that

(16.32)
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2 2
d—g+u=G—EA(1+%uzj (u=£j (16.33)
de h c r

This is the Binet form of Einstein’s equation of planetary motion.

Equation (16.33) is a second-order nonlinear differential equation of u (=1/r)
with respect to @, which contains both the information of the radius vector r (r=|r|)
of the planet orbit and the angle ¢ of the planet orbit.

By contrasting with the Binet form of Newton’s equation (Eq. (16.5)) of
planetary motion, we know that the Binet form of Einstein’s equation (Eq. (16.33))
of planetary motion has one more term on the right: 3GM/c?r2.

This suggests that Einstein’s equation (16.33) of planetary motion:

(i) is anonlinear differential equation;

(i) is a non-standard conic curve, in which 3GM/c?r? is the precession term of

planetary orbit, so the orbit of the observed planet m is no longer a standard
or closed ellipse, and the planetary orbit would precess slowly.

16.3.4 Einstein’s motion Equation of the Planet
and the Orbital Precession of the Planet
Based on Einstein’s motion equation of the planet, one could predict or calculate
the orbital precession of the planet by solving Einstein’s planetary equation (16.33).

As far as the general planets in the solar system are concerned, the term of
3hk?/c?r? (<<1) in Einstein’s planetary equation is a small quantity. Regardless of
the term of 3hk?/c?r?, Einstein’s planetary equation (16.33) reduces to Newton’s
planetary equation (16.5). As a result, one could get the planetary orbit of the conic
curve as shown in Eq. (16.6), in which, for the planet bound by the star, the orbital
eccentricity of it is O<e<1.

The orbital eccentricity of Mercury is 0.206, which is the largest among all the
planets in the solar system.

Since 3hk?/c?r? (<<1) is a small quantity, one could employ the progressive
approximation method to solve Einstein’s planetary equation (16.33) of motion [¢8],

Substituting Eq. (16.6) into Eq. (16.33):
d’u GM 3GM ,
- +U=——+——U
de hy c

_GM _3GM(GM 2(1+ecos .
A v

GM 3G’M°*( ¢ e’
=——+——5—|1+—+2ecosp+—-Cos2¢p
hy c°hy 2 2

Solving the differential equation (16.34), one has:

(16.34)
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_{% 3G3M3£ ¢’

1+?]}(1+e003(p)

o
m( sing — < cos 2 J (16.35)
c’hy P>es ¢ '

At the perihelion of the planet m, naturally, du/dg=0. Therefore, by taking the
derivative of u with respect to ¢ at both ends of Eq. (16.35), one has:

3G*M? e . e? . .
0=———| @cosp+—SiN2¢p ——sing |—sin 16.36
2 [w p+38in2e-— qoj @ ( )
Regardless of ¢cosg, then
3G*M?( 2e e’ .
———| —cosp—— |-1:Sinp=0 16.37
{ e [3 @ 2j } @ ( )

So, sing=0, or p=arcsinp=2kxz (k=0,1,2,...).

This means that, without @cose like Newton’s motion equation of the planet,
the orbit of the planet would be a closed ellipse and have no the orbital precession.

Consider pcosg. Let Ap be the orbital precession angle of the planet m per
revolution. Let k=1, that is, the planet m orbits the star M for one cycle, as depicted
in Fig. 16.1(d): the planet m starts from the perihelion P and travels to the next
perihelion P’. Then, the scanning angle of the planet m should be p=27+Ag.

Substituting ¢=27z+A¢ into Eq. (16.36) and ignoring high-order small quantities,
then it follows that:
67G*M?
TN
According to the recommendations of the International Standards Organization:
The speed of light: ¢=2.9979245x108 m-s!
The universal gravitational constant: G=6.67430x10"* m3-kg.s
The mass of the sun: M=1.98847x10%kg
The mass of Mercury: m=3.301x10% kg
The orbital angular momentum of Mercury: L=8.9825x10% kg-m?-s1
The velocity moment of Mercury: hk=L/m=2.7211x10*® m?.s!

According to Eq. (16.38), one could calculate the orbital precession of Mercury
during one revolution:

(rad per revolution) (16.38)

2 2
Ag =3.888x10° x G% (arc sec) = 0.1029 (arc sec) (16.39)
c

2
K

Mercury’s orbital period is Tw=87.961 day; the earth’s orbital period is
Te=365.24219 day. So, every 100 earth years, Mercury’s orbit would precess
@=100xA@xTe/Tm=42.77 arc seconds.
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The precession angle of Mercury’s perihelion calculated by Einstein at that time
was 43.03"”, which was extremely consistent with the 43.11" that has not yet found
out the attribution. 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 orbital precession rate of
Mercury is 5600.73 arc second per 100 years, which is far greater than that predicted
by Einstein’s theory of general relativity. Einstein’s theory of general relativity
could only predict the Mercury’s precession of about 43", which is far from the
actual observation, less than 1%. So, such a 43.03" is far from being employed to
determine that Einstein’s theory of general relativity can correctly predict the orbital
precession of planets.

16.3.5 What does Einstein’s 43.03” Mean?

There are two problems worth pondering about Einstein’s prediction of the
orbital precession of Mercury:

(i) Now that Einstein’s theory of general relativity can predict the 43.11" that
has not yet found out the attribution in the actual orbital precession of
Mercury’s 5600.73"”, why cannot Einstein predict the rest 5557.62"?

(i) It is known that there is the 532" per 100 years of Mercury’s perihelion
procession caused by the perturbation of other celestial bodies to Mercury.
Then, what factors should be responsible for the 43.03” of Mercury’s
perihelion precession predicted by Einstein’s theory of general relativity?

First of all, no matter Newton’s motion equation (16.5) or Einstein’s motion
equation (16.33), it is impossible to predict the orbital precession of planets caused
by the precession of the equinoxes and the perturbation of other celestial bodies, for
both Newton’s planetary model and Einstein’s planetary model have no prior
information about the precession of the equinoxes and the perturbation of other
celestial bodies.

Secondly, Einstein’s planetary model (Eq. (16.33)) has the orbital precession
term 3hk?/c?r? of planets; while Newton’s planetary model (Eq. (16.5)) has no the
perihelion precession term of planets. This difference could only be attributed to the
different prerequisites of Newton’s celestial two-body problem and Einstein’s
celestial two-body problem. As a matter of fact, the difference between Newton’s
two-body problem (M,m) and Einstein’s two-body problem (M,m) lies only in the
observation agents: Newton’s observation agent is the idealized agent OA.. without
the observational locality, it takes no time for the spacetime information of the
planet m to cross space; Einstein’s observation agent is the optical agent OA(c) with
the observational locality (c<o), and therefore, it takes time for the spacetime
information of the planet m to cross space. As shown in Eq. (16.33) and Eq. (16.38),
the orbital precession term 3hk?/c?r? of the planet m in Einstein’s planetary model
(Eq. (16.33)) and the orbital precession angle Ap=A¢(c) (Eq. (16.38)) predicted by
Einstein’s planetary model depend both on the speed c of light.

Perhaps, the 43.03" precession of Mercury’s perihelion predicted by Einstein’s
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is exactly the 43.11"” that has not yet found out the attribution in the astronomical
observation of Mercury’s 5600.73"” precession. So, that is not so much the support
for Einstein’s theory of general relativity as the support for the theory of GOR:
Einstein’s 43.03” is only an observational effect or an apparent phenomenon rooted
from the observational locality (c<oo) of the optical agent OA(c).

The theory of GOR will tell us that, in Einstein's planetary model (Eq. (16.33)),
the orbital precession term 3hx?/c?r? does not represent the objective and real orbital
precession of the observed planet, but the apparent phenomenon rooted from the
observational locality (<o) of the observation agent OA(7).

16.4 The GOR Celestial-Body Model

Like Newton’s celestial-body model and Einstein’s celestial-body model, the
GOR celestial-body model also belongs to the two-body problem of celestial bodies,
and is the idealized model of the celestial two-body system (M,m).

The theoretical model of the GOR celestial two-body system (M,m) will be
deduced from the GOR field equation and GOR motion equation under the principle
of general correspondence (GC). Naturally, in the sense of the principle of GC, the
GOR motion equation of the observed planet m must be isomorphically consistent
with Einstein’s motion equation of the observed planet m.

However, it is somewhat surprising that the GOR motion equation of the
observed planet m also is isomorphically consistent with Newton’s motion equation
of the observed planet m, which is based on Newton’s laws and classical mechanics.

16.4.1 The GOR Two-Body Problem of Celestial Bodies

The GOR planetary model, like Newton’s and Einstein’s, also belong to the
two-body problem (M,m) of celestial bodies, and could be reduced to the celestial
one-body problem. like Newton and Einstein’s planetary models, the GOR planetary
model also contains the idealized conditions, and has no prior information that
contributes to predicting or calculating the orbital precession of planets, such as the
precession of the equinoxes and the perturbation of other celestial bodies.

Like Newton and Einstein’s theoretical models of the celestial two-body system,
the idealized conditions of the GOR theoretical model of the celestial two-body
system (M,m) can also be described as follows.

The GOR Two-Body System of Celestial Bodies: (M,m), the star M and the
planet m interact through the universal gravitation between them, M produces the
gravitational field, and m moves in the gravitational field.

The Idealized Conditions for the GOR Two-Body System: The GOR celestial
two-body system (M,m) implies the following idealized conditions.

(i) The action at a distance of gravitational interaction: gravitational radiation

is action at a distance; the speed of gravitational radiation is infinite.

(if) The isolated system: (M,m) is an isolated system, not affected by the matter

or energy outside (M,m); both the star M and the planet m could be regarded
as particles or mass points, M is at rest and the planet m moves in the
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gravitational field of M.

The above idealized conditions are the same as that of the idealize conditions of
Newton and Einstein’s two-body systems. The difference is that, in the GOR
celestial two-body system (M,m), the observation agent is the general observation
agent OA(7) (0<#7<wo).

The General Agent and the Conditions of General Observation: In the GOR
celestial two-body system (M, m), the observation agent is the general observation
agent OA(7), rather than a specific observation agent.

(i) The general observation agent: The GOR observation agent is the general
observation agent OA(7) (r>v), in theory, any form of matter motion could
be employed as the observation medium, the information-wave speed 7 of
OA(7) should be higher than or equal to the speed v of the observed
celestial body m.

(ii) The general observer: the observer O employs the general observation agent
OA(n) (n=v) to observe the planet m from the perspective of M; in theory,
O is at rest relative to M and located at the position of zero potential.

The GOR hypotheses of observation agents are reasonable: as stressed
repeatedly in the theory of OR, the observation medium through which human
beings perceive or observe the objective world may not necessarily be light alone.

The Formalized Coordinates of the GOR Two-Body System: as depicted in
Fig. 16.2, like Newton and Einstein’s formalized coordinates, the motion of the
GOR two-body system (M,m) is also described in both the 3d Cartesian-coordinate
O(x,Y,2) and the corresponding 3d spherical-coordinate O(r, 6, ¢) (Fig. 16.2(a); Eq.
(15.6)), the large mass celestial-body M is located at the coordinate origin O, and the
small mass celestial-body m moves in the plane of X-Y (6=x/2) (Fig. 16.2(b)).

Based on the above idealized conditions or hypotheses of the GOR two-body
problem (M,m) of celestial bodies, under the principle of GC, through both PGC
logic route 1 and PGC logic route 2, we will deduce the GOR celestial-body model
or the GOR motion equation of the observed planet m by analogizing or following
the logic of Einstein’s celestial-body mode.

16.4.2 The Theory of GOR
and The Two-Body System of Celestial Bodies

In Sec. 15.3 and Sec. 15.4 of Chapter 15, we have obtained the vacuum solution
of GOR field equation for the static spherically-symmetric gravitational field,
including the approximate and the exact. For the two-body problem (M,m) of
celestial bodies, based on the theory of GOR, by substituting the exact solution (see
Egs. (15.31-32) in Chapter 15) of GOR field equation into the GOR line-element
formula or the GOR motion equation (the geodesics), we can build the planetary
model of the two-body system (M,m), i.e., the motion equation of the planet m.

The GOR Line-Element Formula of the Planet

As shown in Egs. (15.31-32), the exact solution of GOR field equation is the
spacetime metric g,,=0.(7,r,6) in the spherical-coordinate O(r, 6, ¢) form:
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9, (17) = diag (goo' Q11 U2s 933) = diag(e’f,—e4 ,—r%,—r?sin’ 9)

16.40
{g_l_zeM 4_[1_2GMJ §+./;=0] (16.40)
n'r n'r

Then, the GOR line-element formula can be expressed as:
ds?® =g,,dx°dx’ + g, dx'dx" + g,,dx*dx* + g,,dx’dx’
=e p’dt? —ecdr? —r’d#? —r’sin’ 6d ¢ (16.41)
(xo =nt,xX'=r,x*=60,x=¢;, u= 0,1,2,3)
where r=0 and r=2GM/c? are the singularities of the GOR line-element formula

The GOR Geodesics of the Planet m

By substituting the exact solution of GOR field equation into the GOR motion
equation, we get the GOR motion equation of the two-body system (M,m) of
celestial bodies, i.e., the geodesics of the observed planet m:

dzx” dx dx”
dz'2 dr dr
1 .
F:ﬁ (77) = Egﬂ (gav,ﬂ + gv/j,a - gﬂa,v) (1642)

(xO =gt,x'=r,x*=0,%x° =¢;lu=0,]_,2,3)

where t is the observational time, and zis the intrinsic time (proper time).

Like Einstein’s motion equation (Eq. (16.11)) of the planet m, Eq. (16.42) also
has four relations (£=0,1,2,3): (i) t=t(2), (ii) r=r(2), (iii) 6=0(z), and (iv) p=¢(7),
in which t=t(7) is the time equation, while r=r(z), 6=6(z), and @=¢(7), are the
space equations.

16.4.3 Relation t=t(7)
and the Factor of Spacetime Transformation
Based on the GOR metric g,,=g,.(7.r,6) in Eq. (16.40) [8l:
Fr?o =F101=F202 =re?3 =0
[’82:]"83:[‘102:['103:]"203:0

(16.43)
2dr rn
Let 12=0, then x#=x=nt. According to Eq. (16.42):
d*x° dx’ dx
? = 01( ) (16.44)

By contrasting Eq. (16.42) and Egs. (16.43-44), we have the second-order
differential equation of t:
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d’t dg dt

— =0 (16.45)
dz? dr dr
By integrating Eq. (16.45) of t, we get:
rop=-L-__ & (16.46)

“dr 1-2GM/i’r

where C; is a constant, and particularly, 7"(7)=dt/dz is exactly the GOR factor of
spacetime transformation in the theory of GOR.

According to the concepts of GOR theory, the differential equation (16.45) of t
describes the relationship between the observational time t and the intrinsic time z.
Equation (16.45) suggests that the observational time t of OA(#) is different from
the intrinsic time or the proper time g, i.e., the objectively real time.

16.4.4 Relation 8=6(7) and Kepler’s Orbit Law

Based on the GOR metric g,,=g,.(7.I,6) in Eq. (16.40) [8l:

1—020 =F121=F222 =0
]“()2121“52:]“[)23:]“123:['223:0

16.47
r’=1lr ( )
Ir; =-singcosd
Let =2, then x#=x?=@. According to Eq. (16.42):
d*x? dx® dx dx' dx?
a2 = 33( ) Iy (’7)d dr (16.48)

By contrasting Eq. (16.42) and Eqs. (16.47-48), we have the second-order
differential equation of 6:

2 2
d—z—smecosa( dgoj zﬂd—g =0 (16.49)
T dr? rdrdr

Without loss of generality, suppose that, at the initial time t=0, the observed
planet m runs in the plane of X-Y (6=7/2), then:
do
dz?

dée

T

-0 (16.50)

=0 cosf| =0

0 0

Equations (16.49) and (16.50) about & mean that the orbital plane of the planet
m is fixed and constant in Einstein’s theoretical model (Eq. (16.42)) of the two-body
system. This is consistent with Kepler’s orbit law, as well as, with Newton’s
planetary model and Einstein’s planetary model.

16.4.5 Relation ¢=¢(7) and Kepler’s Area Law

Based on the GOR metric g.,=g,.(7,r,6) in Eq. (16.40) [*I:
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F§o=F131=F232=F3,33=0
rglzrgzzrosazrfzzo

16.51
ry=1r ( )
Iy, =cotd
Let 12=3, then x#=x3=¢. According to Eq. (16.42):
d*x® dx' dx® dx? dx®
—— =2 (n)——-2r3(n)—— 16.52
dz2 13(77)dT dr 23(77) dr dr ( )

By contrasting Eq. (16.42) and Egs. (16.51-52), we have the second-order
differential equation of ¢:

2
d9,20rde  Heotgd992 _g (16.53)
dz® rdrdr dr dr
Since the orbital plane of a planet is fixed and constant, without loss of
generality, suppose that the planet m runs in the plane of X-Y (6=x/2), then the Eq.
(16.53) of @ could be written as follows:

2
dp 2drde _, (16.54)
dz? rdrdr

By integrating Eq. (16.54) of ¢, we get:
r dp _ h, = const (16.55)
dr

where the velocity moment hx=L/m of the planet m is a constant, and naturally, the
angular momentum L=mhg of the planet m is also a constant.

Equation (16.55) is exactly the area law (Eq. (16.3)) of Kepler’s three laws as
shown in Fig. 16.1(c): the area swept out by the radius vector r (r=|r|) of the planet
m per unit time is the same or equal. Essentially, Eq. (16.55) is the conservation law
of angular momentum: L=rmv is constant. (It is worth noting that here the mass m of
the planet is the gravitational mass, or the intrinsic mass of the planet m, rather than
the relativistic mass.)

This is consistent with the conclusion of Newton’s planetary model and
Einstein’s planetary model. In particular, it suggests that, like Newton’s planetary
model and Einstein’s planetary model, the GOR planetary model can also deduce
Kepler’s area law.

16.4.6 Relation r=r(7) and the Planetary Orbit
Based on the GOR metric g,,=g,.(7.r,6) in Eq. (16.40) [8l:
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ry=rh=rk=r=0

rl :_e§ ¢ df (e‘f :goo’eg :_911)

2 dr
1dg (16.56)
Il = =
11 2 dl’ (é’ 6)
I, =-re*
Iy, =-rsin’ ge™*
Let 12=1, then x#=x!=r. According to Eq. (16.42):
2,1 1 3 3
d’xt , dx®dx’ _ dx* dx* _ 9 dx? dx* _ dx” dx (16.57)

dr? ®drdr  Ydrdr  Zdrdr Pdrodr
By contrasting Eq. (16.42) and Egs. (16.56-57), we have the second-order
differential equation of r:

Ot Ll L dr )

dr 2 dr drdr drdr
+re§d—0d—6+rsin29e’fd—¢d—¢ (16.58)
rdr dr dr

According to the GOR line-element formula (16.41):
s L 0t dt  .drdr ,dode , . zed_(od_(p

=ne ———-e ———-r"——-r°sin 16.59
= drdr drdr dr dr dr dr ( )
Thus, Eq. (16.58) can be rewritten as
2 2
d?r Lils 7 e ds [ref_r_e dgjdede
de2 2 dr 2 dr/drdr
2
+sin26{re5 LY d—éjd—(pd—(p (16.60)
2 dr/drdr

Since the orbital plane of the planet m is fixed and constant, without loss of
generality, suppose that the planet m runs in the plane of X-Y (6=7/2), then:

2
dr  GM +[r_3Gde_(0d_¢7 [egzl_@ efd_fZZGMj (16.61)

dr? 1 n® )Jdrdr nir ' odr o npPr?

Equation (16.61) is the GOR theoretical model of the celestial two-body system
(M,m) based on the theory of GOR, i.e., the GOR motion equation of the planet m,
which is the second-order nonlinear differential equation of the radius vector r (r=|r[)
and angle ¢ of of the planet m with respect to the standard time z, where suppose the
orbital plane of the planet m is: X-Y (6=x/2).

16.4.7 The Binet form
of the GOR motion Equation of the Planet
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According to Eq. (16.55): r’de/d r=hk, Eq. (16.61) can be rewritten as

d’r GM 1 , 3GM
a7 e e

Actually, the GOR theoretical model (Eg. (16.62) of the two-body system (M,m)
of celestial bodies is the contraction of the spatial equations r=r(z), 8=6(z) and
p=¢(7) in the GOR motion equation (16.42) of the planet m, in which 8=7/2 and
deldr=hk/r2.

However, Eq. (16.62) is a second-order nonlinear differential equation of the
radius vector r (r=|r|) with respect to the proper time z, which lacks the information
about the angle ¢ of the planet orbit, could not be independently employed as the
theoretical model of the celestial body two-body system (M,m), and could not
independently describe the motion of the planet m. Generally, including classical
celestial mechanics and Einstein’s theory of general relativity, the theoretical model
of celestial two-body system tends to be expressed in the form of Binet equation.

By following the logic of Binet equation, let u=1/r, then deg/dr=hk/r>=hgxu?,
and from Eq. (16.61), it follows that

h (16.62)

2 2
ﬂ:—hK - and d—zz—hﬁuzd—‘i (16.63)
dr do dr dep
By substituting Eq. (16.63) into Eq. (16.62), we get that
2 2
LTI P [u zlj (16.64)
do h« 7 r

where G is the gravitational constant, M is the mass of the star, r (r=|r|) is the radius
vector of the star M pointing to the planet m, hk=r2de/dzis the velocity moment of
the planet m running around the star M, # is the information-wave speed of the
general observation agent OA(7), and u=u(g) can be regarded as the running
trajectory of the planet m.

This is the Binet form of the GOR equation of planetary motion.

By contrasting with the Binet form of Einstein’s equation (Eq. (16.33)) of
planetary motion, we know that the Binet form of the GOR equation (Eq. (16.64)) of
planetary motion also has one more term on the right: 3GM/#7?r2.

This suggests that the GOR equation (16.64) of planetary motion:

(i) is anonlinear differential equation;

(i) is a non-standard conic curve, in which 3GM/#?r? is the precession term of
planetary orbit, so the orbit of the observed planet m is also a non-standard
and non-closed ellipse, and the planetary orbit would precess slowly.

It is worth pointing out that the objectively physical world is unique. So, the
objectively real orbit of a planet must be definite: either precessing or not.

However, the orbital precession term 3GM/#r? in Eq. (16.64) completely
depends on the observation agent OA(7) and the information-wave speed 7 of
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OA(n): under different observation agents, the same planet presents different
degrees of orbital precession. This fact suggests that the orbital precession term
3GM/#2r? in Eq. (16.64) does not represent the objective and real precession of the
planet’s perihelion, but the observational effect of OA(7) due to 7<co.

It is thus clear that what is observed may not necessarily be objective and real,
unless the observer O could employ the idealized observation agent OA. (17—x) to
observe the objectively physical world.

16.5 The GOR Prediction for Planetary Precession

Newton’s motion equation (16.5) of the planet m has no the orbital precession
term. Einstein’s motion equation (16.33) of the planet m contains the orbital
precession term: 3GM/c?r?; the GOR motion equation (16.64) contains the orbital
precession term: 3GM/#?r?. Einstein’s planetary precession depends on the speed
light c, while the GOR planetary precession depends on the information-wave speed
n of the observation agent OA(7). Here OA(#) is the general observation agent. In
theory, the observation medium of OA(7) could be any form of matter motion or
any matter wave, and the speed 7 of transmitting observed information could be any
speed of matter motion or matter wave.

Under the principle of GC, through PGC logic route 1 or through PGC logic
route 2, by analogizing or following Einstein’s logic for solving Einstein’s motion
equation (16.33) of the planet m (see Sec. 16.3.4), we can solve the differential
equation (16.64) of the GOR motion equation of the planet m, and get that:

3 3 2
u= %4—% 1+ 5 (1+ecosg)
hy nhe 2

3 3
%(min (p—%COSZqﬁj (16.65)
K

At the perihelion of the planet m, naturally, du/dg=0. Therefore, by taking the
derivative of u with respect to ¢ at both ends of Eq. (16.65), we have:

3G*M? e . e . .
0=———| @Cos@+—sin2¢p ——sing |—sin 16.66
nzhi[(p ¢3¢2¢j @ (16.66)
Regardless of ¢cose, then
2 2 2
362—'\? §COS¢—e— —1:sinp=0 (16.67)
nhe \ 3 2

So, sing=0, or p=arcsinp=2kz (k=0,1,2,...).

This means that, if without gcose, then, like Newton’s motion equation of the
planet, the GOR orbit of the planet would also be a closed ellipse and have no the
orbital precession.

Consider @cose. Let Ap be the orbital precession angle of the planet m per
revolution. Let k=1, that is, the planet m orbits the star M for one cycle, as depicted
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in Fig. 16.1(d): the planet m starts from the perihelion P and travels to the next
perihelion P’. Then, the scanning angle of the planet m should be p=27+Ag.

Substituting p=2z+A¢ into Eq. (16.66) and ignoring high-order small quantities,
then it follows that:

67G*M?
Ap(n)="T=1
§0(77) Uzhi

where 7 is the information-wave speed of the general observation agent OA(#), in
theory, can be any speed, not necessarily the speed light c.

It is possible for the GOR equation (16.68) in the theory of GOR to predict or
calculate both Newton’s planetary orbit precession and Einstein’s planetary orbit
precession. According to the GOR planetary-precession equation (16.68):

(rad per revolution) (16.68)

2 2
Ag, = limAg(n) = lim M _g
n—®© n>ep hK
% (16.69)

. 67G“M

A(P(C)—!Y'LQA@(U)— e

As shown in Eq. (16.69), under the idealized agent OA.., as 77—, Ap.=0: the

planet has no the orbital precession, which is consistent with the conclusion of

Newton’s planetary mode; under the optical agent OA(c), as n—c, the GOR

planetary-precession equation (16.68) reduces to Einstein’s planetary-precession

equation (16.38), Ag(c)>0: Mercury’s orbital precession is 0.1029 arc second per

revolution, or 42.77 arc second per century, which is consistent with the conclusion
of Einstein’s planetary model.

Observing the orbital precession term 3GM/#?r? of the GOR motion equation
(16.64), we know that the precession of a planet’s perihelion presented by the
theoretical model of the GOR celestial two-body system depends on the observation
agent OA(7) and the speed of observation medium transmitting the spacetime
information about planetary motion: under the different observation agents, the same
planet would exhibit different degrees of orbital precession. This fact suggests that
the planetary orbital precession predicted by the idealized model of GOR celestial
two-body system, for instance, that predicted by the idealized model of Einstein’s
celestial two-body system, is not the objective and real planetary precession. In
essence, it is the observation effect of the observation agent OA(7): an apparent
phenomenon caused by the observational locality (7<) of the observation agent
OA(7), which would disappear under the idealized agent OA...

The theory of Observational Relativity (OR, including IOR and GOR) has
clarified that all relativistic effects, including the special (inertial) and the general
(gravitational), are observational effects and apparent phenomena, the root and
essence lie in the observational locality (77<o0) of the observation agent OA(7). The
time dilation in Einstein’s special relativity is an optical observation effect, and the
planetary precession in Einstein’s general relativity is also an optical observation
effect, rooted from the observational locality (c<oo) of the optical agent OA(c). In

(rad per revolution)
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terms of the observational effects caused by the observational locality (7<) of the
observation agent OA(7), the root and essence of the orbital precession in the
planetary models of the idealized two-body system is the same as that of the time
dilation as a relativistic effect in the theory of relativity. The observational or
observed time would dilate; likewise, the observational or observed precession rate
of planetary orbits would also dilate.

The theory of GOR does not doubt the existence of the actual orbital precession
of planets. Actually, restricted by various non-idealized factors, the orbit of any
celestial body could not be the idealized or standard conic curve, and even could not
be fixed to a specific plane.

However, as stressed repeatedly in the theory of OR, the theoretical model of the
idealized two-body system (M,m) of celestial bodies, no matter Newton’s or
Einstein’s, or that of the theory of GOR, has no the prior information about the
orbital precession of planets, for example, the precession of the equinoxes and the
perturbation of other celestial bodies, as well as, the non-idealized factors of the sun.
So, no matter based on Newton’s theory of universal gravitation, or on Einstein’s
theory of general relativity, or on the theory of GOR, the theoretical model of the
idealized two-body system (M,m) of celestial bodies could not predict or calculate
the actual orbital precession of planets.

16.6 The Unity of Celestial-Motion Theories

The motion of celestial bodies in the universe has stimulated human infinite
curiosity. The theory of celestial motion explores how celestial bodies move, what
laws celestial bodies follow to move, and what forces drive celestial bodies to move.

The motion of celestial bodies in the universe is rooted from the gravitational
interaction rather than from the so-called spacetime curvature: it is the universal
gravitation that drives the celestial bodies in the universe to move.

As far as gravitational interaction is concerned, there are two great theoretical
systems in physics: the first is Newton’s theory of universal gravitation [%; the
second is Einstein’s the theory of general relativity . Therefore, the theory of
celestial motion could also be divided into two major theoretical systems: Newton’s
theory of celestial motion and Einstein’s theory of celestial motion. Newton’s theory
of celestial motion is naturally the product of classical mechanics and Newton’s
theory of universal gravitation; while Einstein’s theory of celestial motion is
naturally the product of Einstein’s theory of general relativity. Beyond doubt, for
humanity’s physics, the unification of Newton’s classical theory of celestial motion
and Einstein’s relativistic theory of celestial motion must be of great significance.

The theory of Observational Relativity (OR, including IOR and GOR) has
generalized and unified the physical theories or models of all observational agents,
including Newton’s classical mechanics of the idealized agent OA. and Einstein’s
relativity theory of the optical agent OA(c). As the theoretical system of OR
gradually unfolds, the characteristics of IOR and GOR generalizing and unifying the
physical theories or models of all observational agents will be more and more fully
displayed. In the theory of IOR, the IOR spacetime transformation (i.e., so-called the
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general Lorentz transformation) has generalized and unified the Galilean
transformation and the Lorentz transformation. In the theory of GOR, the GOR
gravitational-field equation has generalized and unified Newton’s field equation (i.e.
the Poisson-equation form of Newton’s law of universal gravitation) and Einstein’s
field equation; the GOR motion equation has generalized and unified Newton’s
motion equation (i.e., the Newton second-law form of Newton’s law of universal
gravitation) and Einstein’s motion equation. Now, the GOR theory of celestial
motion has generalized and unified Newton’s classical theory of celestial motion
and Einstein’s relativistic theory of celestial motion.

The universe is the sum of all celestial bodies or everything, which is beyond
doubt enormous and complex. So, both Newton’s theory of universal gravitation and
Einstein’s theory of general relativity do their best to idealize and simplify the
problem of celestial motion, and reduce it to the Many-body problem of celestial
bodies, the three-body problem, the two-body problem, or even the one-body
problem, as stated in Sec. 16.2 and Sec. 16.3 of this chapter.

According to the theory of GOR, this chapter builds up the theoretical model of
the GOR two-body system (M,m) of celestial bodies (Eq. (16.64)), that is, the GOR
motion equation of the observed planet m. The GOR theoretical model of the
celestial two-body system represents the GOR theory of celestial motion, that is, a
new theory of celestial motion, and provides new insights into astrophysics,
including new interpretations for Newton’s theory of celestial motion and Einstein’s
theory of celestial motion, as well as, the new understanding of astronomical
phenomena such as planetary precession.

More importantly, The GOR theoretical model of the celestial two-body system
(Eq. (16.64)) has generalized and unified Newton’s theoretical model of the celestial
two-body system (Eg. (16.5)) and Einstein’s theoretical model of the celestial
two-body system (Eq. (16.33)).

As shown in equation (16.64):

2 2
OA(7): du M3
dg’ n’

e
2,,2 2,,2
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n-¢ h n hy C
(16.70)
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under the optical agent OA(c), as n—c, the GOR motion equation (16.64) of the
planet strictly reduces to Einstein’s motion equation of the planet (16.33); under the
idealized agent OA., as n—o, the GOR motion equation (16.64) of the planet
strictly reduces to Newton’s motion equation (16.5) of the planet.

As stated above, Newton’s planetary model is derived from classical mechanics
and Newton’s laws, especially from Newton’s law of universal gravitation; while
Einstein’s planetary model is derived from Einstein’s theory of general relativity,
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especially based on Einstein’s field equation and Einstein’s motion equation.
However, both Newton’s planetary model and Einstein’s planetary model have the
strict corresponding relationship of isomorphic consistency with the GOR planetary
model, and therefore, they have both been generalized and unified into the
theoretical model of the GOR two-body system of celestial bodies. Thus, both
Newton’s planetary model from Newton’s classical mechanics and Einstein’s
planetary model from Einstein’s relativity theory are only special cases of the GOR
planetary model, serving the respective observation agents: Einstein’s theory of
celestial motion is the product of the optical agent OA(c), under the optical agent
OA(c), the astronomical observation must be more consistent with Einstein’s theory
of celestial motion; Newton’s theory of celestial motion is the product of the
idealized agent OA.., under the idealized agent OA.., the astronomical observation
would be more consistent with Newton’s theory of celestial motion, and particularly,
more consistent with the objectively physical reality.

The theoretical model of the GOR two-body system of celestial bodies has
generalized and unified Newton’s theoretical model of celestial two-body system
and Einstein’s theoretical model of celestial two-body system. This means that: the
GOR planetary model is logically consistent with both Newton’s planetary model
and Einstein’s planetary model; and at the same time, confirms the theoretical
validity of the GOR planetary mode and even the theory of GOR.
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17 GOR and Gravitational Deflection

This chapter continues to examine and test the theory of GOR with Einstein’s
three major scientific predictions.

This time it the problem of the gravitational redshift of light.

The problem of the gravitational deflection of light, like the problem of the
orbital precession of planets stated in Chapter 16, can be reduced to the two-body
problem of celestial bodies (M,m): the sun M produces the gravitational field; the
photon m moves in the gravitational field of the sun M.

Aimed at the problem of the gravitational deflection of light and Einstein’s
prediction of the gravitational deflection of light, this chapter will apply the GOR
field equation and the GOR motion equation of to build the theoretical model of the
two-body system (M,m), that is, the GOR motion equation of the observed photon m.
Under the principle of general correspondence (GC), through both PGC logical route
1 and PGC logical routs2, by analogizing or following the logic of Einstein’s theory
of general relativity, the theory of GOR attempts to deduce the GOR motion
equation of the photon (m) sweeping over the surface of the sun (M).

The GOR motion equation of the photon m sweeping over the surface of the star
M will be analogized or contrasted with the Newton and Einstein’s models of
photons in gravitation field, so that we can test or verify the theory of GOR and the
GOR motion equation of photons in gravitation field, reexamine the gravitational
deflection of light and the corresponding gravitational-relativistic effect, and then,
reveal why Newton’s prediction gravitational deflection is different from Einstein’s
prediction of gravitational deflection.

17.1 On the Gravitational Deflection of Light

The gravitational deflection of light is one of the three famous predictions made
by Einstein for testing and verifying his theory of general relativity, which means
that, since gravitational spacetime is curved, the light must be curved or deflected in
a gravitational field: the light beam sweeping past the sun must be curved.

Originally, the prediction of the gravitational deflection of light was proposed by
Einstein based on the principle of equivalence before the formal establishment of his
theory of general relativity.

The Principle of Equivalence: Inertial force and gravitational force, or inertial
field and gravitational field, are locally equivalent, and have local indiscernibility
for all physical observations and experiments.

As depicted in Fig. 17.1(a), a spacecraft is flying in space, and a beam of light is
perpendicular to the longitudinal axis Y of the intrinsic-coordinate O(X,Y) of the
spacecraft and enters from the left window of the spacecraft.

The kinematical equation of the light beam or photons in O(X,Y) is:
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where t=0 when the light passes through the window aperture, (Xo,Yo) is the
coordinate of the window aperture, vo is the initial speed of the spacecraft, a=|a]| is
the acceleration of the spacecraft, and c is the speed of light in vacuum.

(a) Light emitted into a spacecraft (b) Light sweeping past
a celestial body
g Y Light beam
Light J’g =—a
source —— /\\’ 4
Astronaut
Capsule —
vo=0 a=0 vo#0 a=0 vo#0 a#0
(al) at rest (a2) at uniform (a3) speed up

speed

Figure 17.1 Equivalence Principle and Gravitational Deflection: According to Einstein’s
equivalence principle, the astronaut in the space capsule could not distinguish whether the
spacecraft is in an accelerated state a or in a gravitational field g (=—a). (a) Light emitted into a
spacecraft: The light or photons enters from the left window aperture into the spacecraft; in the
astronaut’s view, if the spacecraft at rest relative to the light source, then the light beam is
horizontal and straight; if the spacecraft at a uniform speed, then the light beam is still straight,
but slightly tilted; if the spacecraft accelerated, then the light beam appears somewhat curved. (b)
Light sweeping past of a celestial body: According to Einstein’s equivalence principle, if the
astronaut is located on the surface of the celestial body (with the gravitational field g of it), then in
his or her view, the light beam sweeping over the surface of the celestial body must be curved,
just like the case of the spacecraft in an accelerating state.

According to Eq. (17.1), generally, in the intrinsic-coordinate O(X,Y) of the
spacecraft, that is, in the view of the astronaut in capsule, the trajectory the light or
photons is a quadratic curve like a projectile flying on the earth’s surfaces:

A=—a/2c?
y=A¢+Bx+C | B=aX,/c’-v,/c (17.2)
C =Y, +V,X,/c—aXZ/2c’
According to Egs. (17.1-2), as depicted in Fig. 17.1(a), in the astronaut’s view:
(i) if the spacecraft at rest relative to the light source (Fig. 17.1(al)), the light beam
is a horizontal straight line; (ii) if the spacecraft at a uniform speed (Fig. 17.1(a2)),

the light beam is still a straight line, but slightly tilted; (iii) if the spacecraft
accelerated (Fig. 17.1(a3)), the light beam appears to be slightly curved.

According to Einstein’s equivalence principle, inertial force is locally equivalent
to gravitational force, and inertial field is locally equivalent to gravitational field. So,
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the astronaut could not determine whether the spacecraft is in an accelerated state (a)
or in a gravitational field (g=—a).

Therefore, as depicted in Fig. 16.1(b), if the astronaut is located on the surface
of a celestial body or in a gravitational field (g), then in the astronaut’s view, a light
beam that sweeps over the surface of the celestial body must be curved, just like the
case of the spacecraft in an accelerating state (a). This is the gravitational deflection
of light predicted by Einstein based on the principle of equivalence.

It should be pointed out that Einstein believed that the gravitational deflection of
light was caused by the curvature of gravitational spacetime, and that the curvature
of gravitational spacetime was caused by the accumulation of matter and energy.

As a matter of fact, Newton’s law of universal gravitation can also predict the
gravitational deflection of light: as particles of matter, photons are no different from
projectiles. In a gravitational field, the motion trajectory of photons emitted from a
light source, like projectiles launched from an artillery, must be curved due to the
action of gravity or universal gravitation. Moreover, classical mechanics and
Newton’s theory of universal gravitation can also make the quantitative calculation
for the gravitational deflection of light. Of course, according to Newton’s theory of
universal gravitation, the bending of light is not due to the so-called spacetime
curvature, but the gravitational interaction between matter and matter.

Before the formal establishment of general relativity, Einstein’s prediction of the
gravitational deflection of light based on the principle of equivalence was only
gualitative: a light beam would bend in a gravitational field. Einstein tried to
quantitatively predict and calculate the gravitational deflection of light, but the
calculation model he had to employ could only be the Kinematics model described
by Eqgs. (17.1-2). In particular, it is worth noting that the Kinematics equations
(17.1-2) are the product of classical mechanics, that is, the product of the idealized
observation agent OA.. Therefore, as expected, at that time, Einstein’s calculation
for the gravitational deflection angle of light was the same as that based on
Newton’s theory of universal gravitation.

After the formal establishment of general relativity, Einstein had gotton the field
equation and the motion equation. Einstein employed his approximate solution (Eqg.
(15.3)) of the field equation to build up the motion equation of photons in
gravitation field, and obtain the theoretical value of the gravitational deflection angle
of light. What is particularly striking is that the predictive value of Einstein’s theory
of general relativity is twice that of Newton’s theory of universal gravitation. In
order to test his prediction of the gravitational deflection of light and verify his
equivalence principle and general relativity, Einstein conceived the experiment to
determine the bending angle of the starlight sweeping past the sun when total solar
eclipses were occurring.

Total Solar Eclipses and the Starlight Sweeping past the Sun: As depicted in
Fig. 17.2, the light or photons emitted by the star S located at the deep sky A sweeps
past the sun and flies towards the earth; according to the principle of equivalence
and FEinstein’s theory of general relativity, the spacetime around the sun is curved,
so the flight path of the light or photons must be curved. In the view of the earth’s
observers, the star S is located in the direction of B, and there must be a deflection
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angle o between the directions of A and B. Einstein proposed that such a
phenomenon of the bending of light in gravitational fields could be observed by the
earth’s observers when total solar eclipses were occurring.

Observing the starlight sweeping over the surface of the sun through total solar
eclipses is a good idea, otherwise the starlight would be submerged in the light of
the sun and could not be observed.

(b) The coordinates for photon motion (a) Photons acting as the informons
)/

VA T -, The image of
Visional trajectory _________ the star S

m~photon

o

The earth ...
: A
“'.@"’ Observer M-the sun Photons’ trajectory X
N
7
(c) The observation of the starlight (0] The plane of photon motion:
as a total solar eclipse occurs Ry X-Y(8=r/2)

Figure 17.2 The Prediction and Test of Gravitational Deflection. (a) Photons acting as the
informons: In optical observation, the spacetime information of photons is carried and transmitted
by photons themselves. Before photons reach, the observer cannot observe them and cannot
determine their trajectory; only when a photon arrives at the observation point, can the observer
perceive or observe the photon and determines the visional direction of its image, that is, in theory
the tangent direction of the photon trajectory at the observation point. (b) The coordinates for
photon motion: In order to easily describe photon motion in the gravitational field of the sun, take
the sun as the coordinate origin O, establish the spherical-coordinate O(r,0,¢) and the
corresponding Cartesian-coordinate O(x,y,z). (c) The observation of the starlight as a total solar
eclipse occurs: The starlight or the photon m comes from the distant star S located at the point A;
suppose that the photon m moves in the plane X-Y (6=7/2), sweeps over the surface of the sun,
and then, flies towards the earth. Einstein envisioned that: the spacetime around the sun was
curved, and hence, the trajectory of the photon m would also be curved; thus, in the view of the
earth’s observers, the star S would be located at the point B rather than A, and there was a
deflection angle =2« between the directions of A and B. Einstein proposed to determine the
gravitational deflection angle & by means of total solar eclipses.

The Theoretical Value of the Bending angle of Starlight: The predictive
value on of the star deflection angle calculated with Newton’s theory of universal
gravitation is 6nx=0.875"; while the predictive value g of the star deflection angle
calculated with Einstein’s theory of general relativity is 6e=1.75"=26n, which is
twice Newton’s predictive value.
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So, the physics community and even the whole world were eagerly anticipating
the historical moment of testing and verifying the predictions of the gravitational
deflection of starlight, looking forward to the confrontation between Einstein’s
theory of general relativity and Newton’s theory of universal gravitation.

On May 29, 1919, this historical moment came [14I: on this day, the earth could
observe a total solar eclipse. In order to verify Einstein’s prediction about the
gravitational deflection, a team led by British astronomer Eddington set out from
Britain in Mar, 1919 and went to the island of Prmcipe along the coast of West
Africa to carry out the most important observation of total solar eclipses in human
history. Taking advantage of the total solar eclipse, Eddington’s team had observed
the deflection angle of the starlight sweeping past the sun: §=1.61"+0.40". Almost
at the same time, in Sobral, Brazil, a team led by another British astronomer, Dyson,
observed the deflection angle of starlight: 6=1.98"+0.16".

Eddington and Dyson’s observations of the total solar eclipse tend to support
Einstein’s theory of general relativity (1461,

After the announcement of Eddington and Dyson’s observation conclusions, the
scientific community generally accepted Einstein’s theory of general relativity. The
mainstream school of physics believed that the observation of the total solar eclipse
meant that Einstein’s gravitational theory defeated Newton’s gravitational theory:
Newton was wrong; Einstein is right! The Times of London published a full-page
news (on Nov 7, 1919): Revolution in Scientific, New Theory of the Universe,
Newtonian Ideas Overthrown.

It was the observation of the 1919 total solar eclipse that established the sacred
position of Einstein’s general relativity in physics, while Newton’s theory of
universal gravitation was regarded as the approximation of Einstein’s general
relativity: only valid under the cases of macrography, slow-speed, and weak-field.

Is Einstein’s theory of general relativity really right?
Is Newton’s theory of universal gravitation really wrong?

Or, is Newton’s theory of universal gravitation really a transitional approximate
theory of Einstein’s theory of general relativity?

After the observation of the 1919 total solar eclipse, Eddington wrote a poem to
express his insights:

Oh, leave the Wise our measures to collate

One thing at least is certain, light has weight

One thing is certain and the rest debate

Light rays, when near the Sun, do not go straight.

Eddington’s insights in the poem is rational and discreet.

According to the observation of the 1919 total solar eclipse, Eddington affirmed
that light would be curved in gravitational fields. However, it is worth noting that, in
Eddington’s view, the observation of the 1919 total solar eclipse suggests that:
“Light has weight.” Here, Eddington had conveyed two important messages to us:

(i) A photon has its own weight or mass (we prefer to believe that Eddington
referred to the intrinsic mass of photons, that is, the rest mass of photons);
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(if) The bending of light is caused by photons’ weight, in other words, by the
universal gravitation, rather than by the so-call spacetime curvature.

Eddington’s knowledge and understanding of the weight of light or photons is
simple and plain, and consistent with the basic thoughts of the theory of OR.
According to the theory of OR [2628] photons, and even all matter particles, have
their own intrinsic mass (Einstein called it rest mass), that is, the mass with the
effect of gravity or universal gravitation. Eddington’s understanding of the essence
of light’s bending conforms to Newton’s theory of universal gravitation, and to the
gravitational theory of OR, i.e., the theory of GOR.

Actually, the theory of OR (including IOR and GOR) has already clarified in
previous chapters that the objectively real spacetime is flat, which could not be
curved by any thing, nor by the distribution of matter or energy. Therefore, in terms
of the essence of the gravitational deflection of light, Newton’s theory of universal
gravitation is right: the gravitational deflection of light is caused by the action of
gravity or universal gravitation, not by spacetime curvature.

As far as the phenomenon of the gravitational deflection of light in optical
observation is concerned, the prediction of Einstein’s theory of general relativity
seems to be closer to the actual observation of total solar eclipses. The development
of astronomical observation technology, including Radio Frequency Measurement
and Astrometric Satellite Measurement, has further improved the observational
accuracy of the gravitational deflection of the light 1391471 On Aug 21, 2017, a total
solar eclipse occurred across the United States; Observers observed it in Wyoming
and obtained the most accurate result of the gravitational deflection of light in
history (8] the deflection angle 6=1.7512" of starlight, with the uncertainty of only
3.4%. This observation is extremely consistent with Einstein’s prediction, which
naturally represents the support for Einstein’s the theory of general relativity.

However, according to the theory of OR, observation does not represent the
objective reality: what is observed may not necessarily be objective or real.

As far as the current technical level is concerned, human astronomical
observation, no matter the optical or the radio belongs to that of the optical
observation agent OA(c), which employs light or electromagnetic interaction as the
medium for transmitting astronomical information at the speed c of light. Einstein’s
theory of general relativity is the theory of the optical observation agent OA(c).
Therefore, it is understandable and even inevitable that the observation conclusions
of total solar eclipses are more consistent with Einstein’s prediction, or with
Einstein’s theory of general relativity.

The theory of OR has clarified that the optical agent OA(c) has the observational
locality (c<) of its own, and its observations, including the observations of total
solar eclipses, contain apparent phenomena, that is, the observational effects of
OA(c), which are not completely objective and real. Therefore, the validity of
Einstein’s theory of general relativity is only the validity in the sense of optical
observation, that is, the observational or phenomenal validity, which can be referred
to as the phenomenalistic validity.

It is worth noting that the test of the gravitational deflection of light conceived
by Einstein based on his theory of general relativity was specifically designed for
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the optical observation agent OA(c), where the photons of starlight are both the
observed object and the informons of OA(c). As depicted in Fig. 17.2, the observer
with OA(c) could not observe the motion trajectory of starlight, but could only feel
or infer that the star S is located in the direction the sun as the photons of starlight
reach the observation point (for example, human retina or an observation equipment).
However, what the observers on the earth see or observe in this way is not the
objective and real star S, but an image of it.

Newton’s theory of universal gravitation is the theory of the idealized agent
OA... For the gravitational deflection of light, the observed object is still the starlight
or the photons of it. However, the informons of OA.. that transmit the information of
the starlight or photons are not the photons themselves, but the idealized informons
of OA. with infinitesimal momentum and infinite speed. Therefor, OA. has no
observational perturbation (h,—0) and has no observational locality (7—x).

The theory of GOR will clarify that if we could observe the gravitational
deflection of light by means of the idealized observation agent OA., then the
starlight in total solar eclipses would be consistent with the gravitational deflection
of light predicted by Newton’s theory of universal gravitation, and would tend to
support Newton’s theory of universal gravitation rather than Einstein’s theory of
general relativity. So, Newton’s theory of universal gravitation is really the right
gravitational theory that is more in line with the objectively physical reality.

This chapter will calculate the deflection angle of the starlight sweeping over the
solar surface based on the vacuum solution of the GOR field equation for the static
spherically-symmetric gravitational spacetime in Chapter 15 and the theoretical
model of the GOR two-body system (M,m) of celestial bodies, where M is the sun
producing the gravitational field and m is the starlight or photons as the observed
object P. We will find out that: different observation agents would observe different
starlight deflection angles. Therefore, by analogizing Newton’s theory of universal
gravitation and Einstein’s theory of general relativity, the theory of GOR will
interpret the phenomenon and essence of the gravitational deflection of light.

17.2 Newton and Gravitational Deflection

Newton’s theory of universal gravitation can also predict and calculate the
gravitational deflection of light.

According to Newton’s theory of universal gravitation, the reason of the
gravitational deflection of light is quite simple: in a gravitational field, a flying
photon is just like a projectile launched from an artillery; naturally, the flying
trajectory of it must be curved due to the action of universal gravitation.

Originally, the test of the gravitational deflection of the starlight sweeping past
the sun when a total solar eclipse occurs was conceived by Einstein for verifying his
theory of general relativity, but it can also be employed to test or verify Newton’s
theory of universal gravitation and the theory of GOR.

17.2.1 Newton’s Gravitational-Deflection Problem
As depicted in Fig. 17.2, in the test of total solar eclipses conceived by Einstein
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according to his theory of general relativity, the gravitational-deflection problem of
the starlight sweeping past the sun could also be reduced to the two-body problem
(M,m) of celestial bodies, where m could be a planet or comet or satellite or even
photon, like (star,planet) or (Sun,Mercury): the two-body problem of (Sun,photon).
Like the theoretical model of the two-body system of (star,planet), one could also
build the theoretical model of the two-body system of (Sun,photon), and then,
predict and calculate the gravitational deflection agent of the starlight sweeping over
the solar surface.

In the two-body problem of (Sun,Mercury), the observed object m is Mercury; in
the two-body problem of (Sun,photon), the observed object is starlight or photons.
Like his the two-body system of (star,planet), Newton’s the two-body system of
(Sun,photon) is also extremely idealized and can be described as follows.

Newton’s Two-Body System of (Sun,photon): (M,m), where M is the sun and
m is the observed photon of the starlight sweeping past the sun, the sun M and the
photon m interact through the universal gravitation between the sun M and the
observed photon m, the sun M produces the gravitational field, and the photon m
moves in the gravitational field.

The Idealized Conditions for Newton’s Two-Body System of (Sun,photon):
Newton’s (Sun,photon) system implies the following idealized conditions.

(v) The action at a distance of gravitational interaction: gravitational radiation
is action at a distance; the speed of gravitational radiation is infinite.

(vi) The isolated system: (the Sun M, the photon m) is an isolated system, not
affected by the matter or energy outside (M,m); both the sun M and the
photon m could be regarded as particles or mass points, the sun M is at rest
and the photon m moves in the gravitational field of M.

(vii)The idealized observation agent: Newton’s observation agent is the
idealized observation agent OA.., the information-wave speed of OA. is
idealized to be infinity, the spacetime information of the observed photon m
takes no time to cross space.

(viii) The idealized observer: the observer O employs the idealized observation
agent OA., to observe the photon m from the perspective of the earth; in
theory, O is at rest on the earth and located at the position of zero potential.

The Formalized Coordinates of Newton’s Two-Body System of (Sun,
photon): as depicted in Fig. 17.2, Newton’s two-body system of (Sun,photon) could
be described in both the 3d Cartesian-coordinate O(x,y,z) and the corresponding the
3d spherical-coordinate O(r, 6, ¢) (Fig. 17.2(b); Eq. (15.6)), the sun M is located at
the coordinate origin O, and the photon m moves in the plane of X-Y (8=7/2) (Fig.
17.2(c)) of the curved spacetime of the sun M..

Actually, the two-body problem of (Sun,photon) explored by both Newton and
Einstein could be further idealized as and reduced to the one-body problem, only
examining the motion of the photon m.

It should be pointed out that, in Newton’s gravitational-deflection problem of
light, the starlight or photons is the observed object, and the transmission of the
observed information depends on the idealized informons (with infinitesimal
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momentum and infinite speed) of the idealized agent OA...

17.2.2 Newton’s Motion Equation of Photons

As stated earlier, the gravitational-deflection problem of the starlight sweeping
past the sun could also be reduced to the two-body problem (M,m) of celestial
bodies, like that of (Sun,Mercury): the two-body problem of (Sun,photon). Moreover,
as depicted in Fig. 17.2, the two-body system of (Sun,photon) also employs the same
coordinate system as that of the two-body problem of (star,planet) in Fig. 16.2.
Therefore, by analogizing or following the logic route in Sec. 16.2 Newton’s
Celestial-Body Model of Chapter 16, based on classical mechanics and Newton’s
theory of universal gravitation, one could in the spherical-coordinate O(r, 6, ¢) build
the two-body model of (Sun,photon), i.e., Newton’s motion equation of the photon,
which has the same form as Newton’s motion equation (16.5) of the planet:

d?u GM 1
—fu=—n |u== _
do’ hg ( rj 17.3)

where, G is the gravitational constant, and M is the mass of the sun, hk=r2de/dr

=Rsc is the velocity moment of the photon m, Rs is the solar radius, r (r=|r|) is the
radius vector of the sun M pointing to the photon m, and c is the speed of light.

On the Velocity Moment of the Photon hk

In Eq. (17.3), the velocity moment hk of the photon is hx=L/m, where L=mvr is
the momentum moment of the photon m (i.e. angular momentum), and m slso
represents the photon mass (in classical mechanics, m must be the Newtonian mass);
v is the speed of photon m in the gravitational field of the sun M.

Suppose that the photon m sweeps over the surface of the sun (the point F in Fig.
17.2(c) is the perihelion of the photon m), then the flight speed v of the photon is
v=rde/dr~c, and for the radius vector r (r=|r[), r=~Rs.

Therefore, the velocity moment hk of the photon m in Eq. (17.3) is:

d
h =r2£=er R.C (17.4)

17.2.3 Newton’s Flight Path of Photons

As stated in Sec. 16.2 of Chapter 16, bound to the star M, the differential
equation (16.5) or Eq. (16.6) representing the orbit of the planet m must be a circle
or an ellipse. However, the mass of the photon m is so small and the speed of the
photon m is so high, that the sun M could not bind the photon m. So, the flight path
of the photon m must not be a circle or an ellipse.

The solution of the motion equation (17.3) of the photon m must be the same in
form as the solution of the motion equation (16.5) of the planet m. By analogizing or
following the logic route in Sec. 16.2 Newton’s Celestial-Body Model of Chapter
16, one could get the solution of Eq. (17.3):
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where the integration constant Cs depends on the initial angular momentum L and
mechanical energy E of the photon m; the integration constant ¢ is the initial angle
of the photon orbit, which can be set to a specific value by adjusting the zero point
of the time or by rotating the plane X-Y around the Z-axis; e is the orbital
eccentricity of the photon m.

Equation (17.5) suggests that Newton’s motion equation of photon m is a
standard conic curve. According to Eq. (17.5), if ¢=7/2 (the photon m is sweeping
past the perihelion F on the solar surface), then u=1/r=1/Rs and GM/Rs?c?<<1.

Thus, one could get that:

C cos(z— j—i 1—GNI ~i 17.6
s 7 P R, Rc? ) R (17.6)

Let po=7/2, then Cs =1/Rs.
Thus, according to Fig. 17.2(c), the starlight trajectory (Eq. (17.5)) is:

u —ﬂ 1+ecos( —Zj
RZc? Y73

2
e=RC 51 (ci=t p=2
GM R, 2

(17.7)

where e is Newton’s eccentricity of the photon orbit

As stated in Sec. 16.2 of Chapter 16, in the two-body system (M,m) of celestial
bodies, the orbital eccentricity e of the celestial body m (which could be a planet or
comet or satellite or even photon) depends on the gravitational constant G and the
gravitational source M, as well as, on the initial angular momentum L of the celestial
body m and the initial mechanical energy E of the celestial body m.

Therefore, the orbital eccentricity e of the photon m in Eq. (17.3) could also be
calculated according to the classical celestial mechanics formula (16.7).

Both the mechanical energy E and the angular momentum L of the photon m
could be regarded as conserved quantities. As shown in Eq. (17.4), considering that
the photon m sweeps over the surface of the sun (the point F in Fig. 17.2(c) is the
photon’s perihelion), then with vac and r=Rs, one could get that:

1, GMm

E=—mc
2 R

Thus, the orbital eccentricity e of the photon m is:

and L=Rscm (17.8)
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This result is the same as that in Eq. (17.7).

According to the recommendations of the International Standards Organization:
The speed of light: ¢=2.9979245x108 m-s~*
The universal gravitational constant: G=6.67430x107'* m3-kg.s72
The mass of the sun: M=1.98847x10%kg
The radius of the sun: Rs=6.96x108m
based on Eq. (17.7), one could calculate the orbital eccentricity e of the photon m:

2
_Rgc

e VI 4,7133x10° (17.10)

where the eccentricity of the photon m is e (>>1), and hence, the orbit of the starlight
or photons sweeping over the solar surface is a hyperbola.

According to the solution (Eq. (17.7)) of Newton’s motion equation (17.3) of the
photon m and the eccentricity e in Eq (17.10), we know that, as far as the theoretical
model of the idealized two-body system of (Sun,photon) based on Newton’s theory
of universal gravitation is concerned, the orbit of photons sweeping over the solar
surface is a idealized and standard conic curve.

It is thus clear that, even according to Newton’s theory of universal gravitation,
light would also be curved in gravitational fields.

However, the gravitational deflection angle of starlight predicted by Newton’s
theory of universal gravitation is different from that predicted by Einstein’s theory
of general relativity.

17.2.4 Newton’s Deflection Angle of Starlight

Now, based on the solution (Eq. (17.5)) of Newton’s motion equation (17.3) of
the photon m and the eccentricity equation (Eqg. (17.7)) of photon orbit, one could
calculate the gravitational deflection angle of the starlight or photons sweeping past
the sun M, denoted as 6n, and could be called Newton’s gravitational deflection
angle of starlight.

As depicted in Fig. 17.2(c), suppose that the photon m is emitted from the
distant star S, sweeps past the sun M, and reaches the earth faraway from the sun M,
then one could think that: r—o0, u—0, and p—>7z+c.

Thus, from Eq. (17.5) or Eq. (17.7), it follows that:
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Obviously, « is a small quantity: sina~a. Therefore, based on Newton’s theory
of universal gravitation, Newton’s gravitational deflection angle of starlight or
photons sweeping past the sun is
2 2GM

oy =200=—= rad
N T EEE Y Rscz( )

=4.2433x10° (rad) = 0.87525 (arc sec) (17.12)

Newton’s theory of universal gravitation predicts that: the bending angle on of
the starlight sweeping past the sun is 0.87525”. (This prediction represents the
objectively gravitational deflection of light, which implies the hypothetical condition:
Newton’s observation agent is the idealized agent OA...)

Indeed, the gravitational deflection angle of the starlight sweeping past the sun
predicted by Newton’s theory of universal gravitation is not quite consistent with the
actual observation values of the optical observers on the earth: the prediction of
0.87525" seems to be only half of the actual observation value of the 1.7512"
observed by means of the total solar eclipse in Wyoming [148],

It is worth noting that our observations of total solar eclipses, including the
Eddington’s and the Dyson’s [1451471 as well as that in Wyoming (1“8, are all the
astronomical observation of the optical agent OA(c). To test or verify Newton’s
gravitational deflection of light, we must take advantage of the idealized observation
agent OA.,, rather than the optical observation agent OA(c).

Later on, the theory of GOR will clarify that: it is not Newton’s fault, but the
observation’s fault; it is not due to the deviation of Newton’s theory of universal
gravitation, but the deviation of the optical observation agent OA(c). Newton’s
prediction represents the objective and real gravitational deflection of light; while
Einstein’s prediction represents the gravitational deflection of light presented by the
optical observation agent OA(c). The gravitational deflection of light presented by
optical agent OA(c) contains the observational effects and apparent phenomena of
OA(c), does not represent the objectively gravitational deflection.

Actually, both Newton’s bending angle oy of starlight and Einstein’s bending
angle &k of starlight are the special cases of the GOR bending angle Scor.

17.3 Einstein and Gravitational Deflection

Einstein’s prediction of the gravitational deflection of light originated from his
thought of spacetime curvature: gravitational spacetime is curved, so the flight path
of light or photons in gravitational fields must also be curved.

Einstein’s concept and ideology of spacetime curvature is extremely mysterious
and abstruse.

Perhaps, you could understand the curvature of space, but anyway, you could
not understand the curvature of spacetime: it is extremely difficult for you to
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imagine the bending time. Perhaps Einstein’s original intention was not to prove the
gravitational deflection of light by observation or experiment, but to prove that
gravitational spacetime is curved by the gravitational deflection of light.

However, the gravitational deflection of light does not mean spacetime
curvature, or the bending of space and time, for Newton’s theory of universal
gravitation could also interpret the gravitational deflection of light.

Before the formal establishment of his general relativity, in order to interpret his
view of spacetime curvature, Einstein speculated the gravitational deflection of light
based on the principle of equivalence in the way depicted in Fig. 17.1. After the
formal establishment of his general relativity, Einstein proposed the test of the
gravitational deflection of the starlight sweeping past the sun, and calculated the
theoretical value of the bending angle of the starlight based on his field equation.
Any case, Einstein’s theory of general relativity gave us the ideas different from
Newton’s theory of universal gravitation.

In particular, Einstein’s theoretical value of the starlight bending angle is
different from Newton’s theoretical value of the starlight bending angle.

Here, we review Einstein’s prediction of the gravitational deflection of light and
the theoretical calculation based on general relativity, and reexamine Einstein’s
problem of the gravitational deflection of light, which will be contributed to our
recognition and understanding of the theory of GOR.

17.3.1 Einstein’s Gravitational-Deflection Problem

As stated in Sec. 17.2.1, the gravitational-deflection problem of light could be
reduced to the two-body problem (M,m) of celestial bodies, where m could be a
planet or comet or satellite or even photon, like (star,planet) or (Sun,Mercury): the
two-body problem of (Sun,photon). Therefore, based on Einstein’s theory of general
relativity, one could build the theoretical model of the two-body system of
(Sun,photon), and then, predict and calculate the gravitational deflection agent of the
starlight sweeping over the solar surface.

In Einstein’s gravitational-deflection problem, like Einstein’s two-body system
of (star,planet) or (Sun,Mercury), the theoretical model of Einstein’s two-body
system of (Sun,photon) also contains the idealized conditions, which could be
described as follows.

Einstein’s Two-Body System of (Sun,photon): (M,m), where M is the sun and
m is the observed photon of the starlight sweeping past the sun, the sun M and the
photon m interact through the universal gravitation between the sun M and the
observed photon m, the sun M produces the gravitational field, and the photon m
moves in the gravitational field.

The Idealized Conditions for Einstein’s Two-Body System of (Sun,photon):
Einstein’s (Sun,photon) system implies the following idealized conditions.

(i) The action at a distance of gravitational interaction: gravitational radiation
is action at a distance; the speed of gravitational radiation is infinite.

(ii) The isolated system: (the Sun M, the photon m) is an isolated system, not
affected by the matter or energy outside (M,m); both the sun M and the
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photon m could be regarded as particles or mass points, the sun M is at rest
and the photon m moves in the gravitational field of M.

The above idealized conditions are the same as that of Newton’s (Sun,photon)
two-body problem. However, Einstein’s (Sun,photon) two-body problem does not
contain the conditions of the idealized observation agent and idealized observer, but
instead of the condition of the optical observation agent and the condition of the
optical observer.

The Optical Agent and the Conditions of Optical Observation: In Einstein’s
gravitational-deflection problem of the two-body system (the Sun M, the photon m),
the observation agent is realistic and non-idealized, and there are the implied
observation conditions as follows.

(iii) The optical observation agent: Einstein’s observation agent in the test of the
gravitational deflection of light is the optical observation agent OA(c), the
information-wave speed of OA(c) is the speed c of light, it takes time for
OA(c) to transmit the spacetime information of the observed starlight or the
observed photon m to the observers on the earth.

(iv) The optical observer: the observer O employs the optical observation agent
OA(c) to observe the observed starlight or the observed photon m from the
perspective of the earth; in theory, O is at rest on the earth and located at the
position of zero potential.

The Formalized Coordinates of Einstein’s Two-Body System of (Sun,
photon): Like Newton’s two-body problem of (Sun,photon) stated in Sec. 17.2, as
depicted in Fig. 17.2, Einstein’s two-body system of (Sun,photon) could also be
described in both the 3d Cartesian-coordinate O(x,y,z) and the corresponding the 3d
spherical-coordinate O(r, 6, ) (Fig. 17.2(b); Eq. (15.6)), the sun M is located at the
coordinate origin O, and the photon m moves in the plane of X-Y (6=7/2) (Fig.
17.2(c)) of the gravitational field of the sun M.

As stated in Sec. 17.2, the two-body problem of (Sun,photon) explored by both
Newton and Einstein could be further idealized as and reduced to the one-body
problem, only examining the motion of the photon m.

It should be pointed out that, in Einstein’s gravitational-deflection problem of
(Sun,photon), the photon m is not only the observed object, but also the informon of
the optical agent OA(c): the spacetime information of the observed photon m is
carried and transmitted by the photon itself.

In this way, the motion of photons does not have the problem of being perturbed
by the informons of observation agents. However, observers could only observe the
arrival position and direction of starlight and photons, but could not observe the
flight path of starlight or photons.

17.3.2 Einstein’s Motion Equation of Photons

After the formal establishment of his general relativity, Einstein applied the
approximate solution (Eq. (15.3)) of his field equation and the line-element equation
(15.4) to calculate the gravitational deflection angle of the starlight sweeping past
the sun. After Schwarzschild obtained the exact solution (Eqg. (15.7)) of Einstein
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field equation % one could build the motion equation of photons based on
Einstein’s theory of general relativity, and then, predict or calculate the gravitational
deflection angle of the starlight [8],

Einstein’s theory of general relativity could also reduce the problem of the
gravitational deflection of light to the two-body problem (M,m) of celestial bodies,
like that of (Sun,Mercury): the two-body problem of (Sun,photon). Moreover, as
depicted in Fig. 17.2, the two-body system of (Sun,photon) also employs the same
coordinate system as that of the two-body problem of (star,planet) in Fig. 16.2. By
analogizing or following the logic route in Sec. 16.3 Einstein’s Celestial-Body
Model of Chapter 16, based on Einstein’s theory of general relativity, one could in
the spherical-coordinate O(r, 8, ¢) build the two-body model of (Sun,photon), i.e.,
Einstein’s motion equation of photons, which has the same form as Einstein’s
motion equation (16.33) of planets:

d?u GM( 3h2 j ( 1)
—— fUu=——| 1+ =K y? u=-= 17.1
dg® hZ c? r (17.13)

where, G is the gravitational constant, and M is the mass of the sun, hk=r2de/dr

=Rsc is the velocity moment of the photon m, Rs is the solar radius, r (r=|r|) is the
radius vector of the sun M pointing to the photon m, and c is the speed of light.

It is worth noting that, as the theory of the optical agent OA(c), in Einstein’s
theory of general relativity, the line-element ds=0 as the speed of the observed
object P (such as the photon m in the two-body system (Sun,photon)) reaches the
speed ¢ of light. Actually, more generally, under the principle of general
correspondence (GC), according to the line-element equation ds=g,.(7)dx#dx" of
the general observation agent OA(7) in the theory of GOR, the line-element ds—0
as the speed v— 77 of the observed object P.

In a strict sense, the case of ds—0 could only hold when m is both the observed
object and the informon, for under this case, the speed v of the observed object m is
strictly equal to the information-wave speed 7 of the observation agent OA(r).

In the definition of observation agent (Def. 10.1) in the theory of GOR, the
information-wave speed 7 should be the real-time speed of the information wave or
informons of the observation agent OA(7). For the optical observation agent OA(c),
the ¢ in the time axis x°=ct is the speed of light in vacuum. In Einstein’s
gravitational deflection experiment of observing the starlight passing over the solar
surface, the speed of the starlight may not be necessarily the speed ¢ of light in
vacuum; however, the spacetime information of the starlight is carried and
transmitted by the starlight photons: the photons are both the observed object and
the messenger of starlight information. At this time, the speed of the photons as the
observed object and the speed of the photons as the informons is naturally the same,
regardless of whether the speed of the photon decays in the gravitational field. In
this way, the spacetime line-element ds of the photon m must be zero: ds=0.

Therefore, in Eq. (17.13), in the case where the photon is both the observed
object and the informon, the velocity moment hk of the photon m is:
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Thus, Einstein’s motion equation (17.13) of the photon m is reduced to:
d’u GM [ 1)
+u=3 u> ju== 17.1
d¢2 CZ r ( 5)

Unlike Newton’s motion equation (17.3) of photons, Einstein’s motion equation
(17.15) of photons is not a linear equation, but a nonlinear differential equation.

17.3.3 Einstein’s Flight Path of Photons

Solving Einstein’s motion equation (17.15) of photons, one could get the flight
path of the photon m from the perspective of the optical observation agent OA(c).
Einstein’s motion equation (17.15) of photons is a nonlinear differential equation,
which is difficult to solve. Fortunately, one could have the following approximate
solution (see the reference [68]).

Let the solar mass M=0, then Eq. (17.15) could be reduced to

d?u
+u=0 17.1
which have the solution
u=Cscos(¢—g,) (17.17)

where both Cs and ¢o are the integration constants.

According to Fig. 17.2(c), if ¢=xn/2 (the photon m is sweeping past the
perihelion F on the solar surface), then u=1/r=1/Rs, where Rs is the solar radius.
Substituting into Eq. (17.17), one could have that:

C cos(ﬁ— j—i 17.18
s 5 P | = R, (17.18)

By adjusting the zero point of the time, @o could be set to @o=x/2, and then
Cs=1/Rs. Substituting into Eq. (17.17), one could get the solution of Eq. (17.16), that
is, the general solution ug of Eq. (17.15):

u =iCOS((p—£j=iSin(p 17.19
g RS 2 Rs ( . )

Equation (17.19) is the situation where the photon m sweeps through the point F
(the perihelion of photon m) on the solar surface in the direction parallel to the
X-axis. It is thus clear that, in the spacetime without gravitational field (M=0), or in
other world, in the inertial spacetime, the flight path of photons is a straight line.
This is in line with our basic knowledge.

Obviously, the right end 3GMu?/c2<3GM/c?Rs?<<1 (r=1/u>Rs) of Eq. (17.15)
is a small quantity. Therefore, one could employ the progressive approximation
method to solve Einstein’s motion equation (17.15) of photons 8l substitute Eq.
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(17.19) into Eq. (17.16) to get

2
du+u=36M

dg? RZc?

sin ¢ (17.20)

Equation (17.20) has the following solution, that is, the special solution us of
Einstein’s motion equation (17.15) of photons:

GM

U, =57 (L+cos’ o) (17.21)

Thus, the solution u of Einstein’s motion equation (Eq. (17.15)) of photons

should be the sum of the general solution ug (Eq. (17.19)) and the special solution us
(Eq. (17.22)):

u=—sin +G—M(1+0052 ) 17.22
R, R 4 (17.22)
As depicted in Fig. 17.2(c), ¢ could be set to p=r+¢ (a>¢>—c), where both «
and |¢| are small quantities, and then cos?(z+¢)=1. Substituting into the right end of
Eqg. (17.22), one could have that:

1 . G
Ur—sing+2——
S sC

2GM . r R . e
=R 1+€écos (p—E e= oM ,e:5>1 (17.23)

S

where e=Rsc?/GM is the Newton’s eccentricity of photon orbit; &e/2=Rsc?/GM is
the Einstein’s eccentricity of photon orbit.

Equation (17.23) is also a standard hyperbola. However, Eq. (17.22) is the
approximate solution of Einstein’s motion equation (17.15) of photons, and Eq.
(17.23) is the approximate expression of equation (17.22). Therefore, Einstein’s
motion equation (17.15) of photons is actually not a standard hyperbola: in
Einstein’s theoretical model of the two-body system of (Sun,photon), the flight path
of the photon m is an approximate hyperbola. According to Eq. (17.23), the orbital
eccentricity &Rsc?/2GM of Einstein’s motion equation of photons is half of the
orbital eccentricity e=Rsc?’/GM of Newton’s motion equation of photons. This
means that the flight path of the starlight in a gravitational field presented by the
optical agent OA(c) is more curved than that by the idealized agent OA.. So,
Einstein’s gravitational deflection angle & of light would naturally be larger than
Newton’s gravitational deflection angle & of light.

17.3.4 Einstein’s Deflection Angle of Starlight

Now, based on the solution (Eq. (17.22)) of Einstein’s motion equation (17.15)
of the photon m, one could calculate the gravitational deflection angle of the
starlight or photons sweeping past the sun M, denoted as &, and could be called
Einstein’s gravitational deflection angle of starlight.
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As depicted in Fig. 17.2(c), suppose that the photon m is emitted from the
distant star S, sweeps past the sun M, and reaches the earth faraway from the sun M,
then we think that: r—>o, uU—0, and p—>z+a.

Thus, from Eq. (17.22), it follows that:

1 . GM
O=—sm(7r+a)+Rz—cz(1+ cos’ (7 +ar)) (17.24)
S S
Obviously, « is a small quantity: sin(z+a)~—«a and cos(z+a)~-1. Therefore,
based on Einstein’s theory of general relativity, Einstein’s gravitational deflection
angle og of starlight or photons sweeping past the sun is

4GM
R,C’
=8.4866x10° (rad) =1.7505 (arc sec) (17.25)

Einstein’s theory of general relativity predicts that: in the view of the earth’s
observers, the bending angle ot of the starlight sweeping past the sun is 1.7505".
(This prediction implies the hypothetical condition: Einstein’s observation agent is
the optical agent OA(c).)

By contrasting Eq. (17.25) and Eqg. (17.12), we know that Einstein’s
gravitational deflection angle of starlight is twice Newton’s gravitational deflection
angle: 5e=26n, which is in line with the actual observation value, and especially, in
line with the starlight deflection angle 1.7512" of the total solar eclipse in Wyoming,
the United States [148],

As mentioned earlier, our observations of total solar eclipses, including the
Eddington’s and the Dyson’s 1451471 as well as that in Wyoming 48], are all the
astronomical observation of the optical agent OA(c). Naturally, as the optical
observation theory, Einstein’s gravitational deflection angle &g of starlight should be
more in line with the observation conclusion of the optical agent OA(c).

It is worth noting that, like Newton’s bending angle on of starlight, Einstein’s
bending angle o of starlight are also a special case of the GOR bending angle dcor.

17.4 GOR and Gravitational Deflection

The theory of GOR can also predict the gravitational deflection of light.

The theory of GOR is the theory of the general observation agent OA(#). It
could be expected that the prediction of the theory of GOR for the gravitational
deflection of the starlight sweeping past the sun depends on the information-wave
speed 77 of OA(#): different observation agents would have different bending angles
of light, which is denoted by dcor Or deor(7). This means that, for the same
gravitational scene, different observation agents would present different degrees of
the gravitational deflection of light.

In particular, both Newton’s deflection angle 6y and Einstein’s deflection angle
Je will become special cases of the GOR deflection angle Scor.

(rad)

O =20 =
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17.4.1 The GOR Gravitational-Deflection Problem

For the theory of GOR, the gravitational-deflection problem of light can also be
reduced to the two-body problem (M,m) of celestial bodies, where m could be a
planet or comet or satellite or even photon, like (star,planet) or (Sun,Mercury): the
two-body problem of (Sun,photon). Therefore, based on the theory of GOR, we can
build the theoretical model of the two-body system of (Sun,photon), and then,
predict and calculate the gravitational deflection agent of the starlight sweeping over
the solar surface.

In the GOR gravitational-deflection problem, like the GOR two-body system of
(star,planet) or (Sun,Mercury), the theoretical model of the GOR two-body system
of (Sun,photon) also contains the idealized conditions described as follows.

The GOR Two-Body System of (Sun,photon): (M,m), where M is the sun and
m is the observed photon of the starlight sweeping past the sun, the sun M and the
photon m interact through the universal gravitation between the sun M and the
observed photon m, the sun M produces the gravitational field, and the photon m
moves in the gravitational field.

The Idealized Conditions for the GOR Two-Body System of (Sun,photon):
The GOR (Sun,photon) system implies the following idealized conditions.

(i) The action at a distance of gravitational interaction: gravitational radiation

is action at a distance; the speed of gravitational radiation is infinite.

(if) The isolated system: (the Sun M, the photon m) is an isolated system, not
affected by the matter or energy outside (M,m); both the sun M and the
photon m could be regarded as particles or mass points, the sun M is at rest
and the photon m moves in the gravitational field of M.

The above idealized conditions are the same as that of the idealized conditions
of Newton and Einstein’s two-body systems of (Sun,photon). However, the GOR
two-body problem of (Sun,photon) does not contain the condition of the idealized
observation agent or the optical agent, but instead of the condition of the general
observation agent and the condition of the general observer.

The General Agent and the Conditions of General Observation: In the GOR
gravitational-deflection problem of the two-body system (the Sun M, the photon m),
the observation agent is not the specific observation agent, and there are the implied
observation conditions as follows.

(i) The general observation agent: The GOR observation agent in the test of the

gravitational deflection of light is the general observation agent OA(7)
(n>v), in theory, any form of matter motion could be employed as the
observation medium, the information-wave speed 7 of OA(#) should be
higher than or equal to the speed v (=c) of the observed photon m.

(ii) The general observer: the observer O employs the general observation agent
OA(7) (n=v) to observe the observed starlight or the observed photon m
from the perspective of the earth; in theory, O is at rest on the earth and
located at the position of zero potential.

The Formalized Coordinates of the GOR Two-Body System of (Sun,
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photon): Like Newton and Einstein’s two-body problems of (Sun,photon) stated in
Sec. 17.2 and Sec. 17.3, as depicted in Fig. 17.2, the GOR two-body system of
(Sun,photon) could also be described in both the 3d Cartesian-coordinate O(x,Y,z)
and the corresponding the 3d spherical-coordinate O(r, 8, ¢) (Fig. 17.2(b); Eq.
(15.6)), the sun M is located at the coordinate origin O, and the photon m moves in
the plane of X-Y (8=x/2) (Fig. 17.2(c)) of the gravitational field of the sun M.

17.4.2 The GOR Motion Equation of Photons

The theory of GOR could also reduce the problem of the gravitational deflection
of light to the two-body problem (M,m) of celestial bodies, like that of
(Sun,Mercury): the two-body problem of (Sun,photon). Moreover, as depicted in Fig.
17.2, the two-body system of (Sun,photon) also employs the same coordinate system
as that of the two-body problem of (star,planet) in Fig. 16.2.

Based on the theory of GOR, by analogizing or following the logic route in Sec.
16.4 The GOR Celestial-Body Model of Chapter 16, we can build the two-body
model of (Sun,photon) in the spherical-coordinate O(r, 6, ¢), i.e., the GOR motion
equation of photons, which has the same form as the GOR motion equation (16.64)
of planets:

(17.26)

d’u GM 3GM , ( 1)
+U= + u u==
do? R r

where, G is the gravitational constant, and M is the mass of the sun, hk=r2de/dr
=Rsc is the velocity moment of the photon m sweeping past the solar surface, Rs is
the solar radius, r (r=|r|) is the radius vector of the sun M pointing to the photon m,
and 7 is the information-wave speed of the general observation OA(7),
u=u()=1/r(¢) could be regarded as the trajectory of the photon m.

The GOR motion equation (17.26) of photons generalizes Newton’s motion
equation (17.3) of photons, Einstein’s motion equation (17.15) of photons, and even
the motion equation (17.26) of any observation agent OA(7) (77 € [c,+)).

Newton’s Motion Equation of Photons: 77— o

Considering the perihelion of the photon m, i.e., the case that the observed
photon m is sweeping past the point F on the solar surface as depicted in Fig. 17.2(c),
then the speed of the photon m is v=rdg/dz~c, and for the radius vector r (r=|r|) of
the sun M pointing to the photon m, r~Rs. Thus, as shown in Eq. (17.4), the velocity
moment of photon m is hk=r?dp/dr=rv~Rsc.

As n—o, the observation agent OA(#) would be the idealized observation agent
OA... Under this case, u=u in Eq. (17.26) would be the flight path of the photon m
presented by the idealized agent OA.,, the right end of Eq. (17.26) would be:

. |GM 3GM ,| GM

lim{—; U =—

hi n hi

In this way, the GOR motion equation (17.26) of photons would be reduced to
Newton’s motion equation of photons:

(h¢ =Rqc) (17.27)

n—%

205



d’u GM
W—f—u =¥ (hK = RSC) (1728)

Einstein’s Motion Equation of Photons: 7—¢C

As n—c, the observation agent OA(7) would be the optical observation agent
OA(c). Under this case, u=u(c) in Eq. (17.26) would be the flight path of the photon
m presented by the optical agent OA(c), in which the photon m is both the observed
object and the informon of OA(c): the speed v of the photon m as the observed
object and the speed 7 of the photon m as the informon of OA(#) are the same as the
speed of light. Therefore, as stated in Sec. 17.3.2, under this case, the line-element
of the photon m is zero: ds=0.

Thus, the right end of Eq. (17.26) would be:

limh, =timr? 32 o [dr=% 0
n—C n—C T C

(17.29)
. [GM 3GM ,| .GM ,
lim{——+——Uu"+=3—-u
n—c hK 77 C

In this way, the GOR motion equation (17.26) of photons would be reduced to
Einstein’s motion equation of photons:
2
d U u=3M (17.30)
do c

The Motion Equation of Photons under OA(n): co>n>¢

According to the theory of OR, the information-wave 7 of an observation agent
OA(n) have to be greater than or equal to the speed v of the observed object P. In Eq.
(17.26), the observed object P is the photon m in the gravitational field of the sun M,
with the speed v~c. Therefore, it is required that 7>c; in a strict sense, it is required
that either the photon m acts as the informon of OA(#7) or the information-wave
speed 7 to be greater or even far greater than the speed the photon m: 7 >>c.

Considering the general observation agent OA(#) (o>7r>c), then u=u(7) is the
flight path of the photon m presented by the general observation agent OA(7).
Substituting the velocity moment hx=Rsc of the photon m into Eq. (17.26), then the
GOR motion equation (17.26) of the photon m is:

d?u GM 3GM ,
3 +U= 73 + 3 u
do Rgc n

(17.31)

To sum up, whether Newton’s motion equation (17.3) or (17,28) of photons,
Einstein’s motion equation (17.15) or (17,30) of photons, or the motion equation
(17.31) of photons under the general observation agent OA(7) (co>n>cC), is
generalized and unified in the GOR motion equation (17.26) of the photon m.

It is worth noting that in the GOR motion equation (17.26) of the photon m,
u=u(rn): the flight path of the photon m depends on the observation agent OA(r), or
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depends on the information-wave speed 7 of OA(7). Different observation agents
present different flight paths of the photon m and different degrees of the
gravitational deflection of light.

However, the objectively physical world must be unique. In the two-body
system of (Sun,photon), the objective and real flight path of the photon m must also
be unique. It is thus clear that, the flight path of the photon m observed by an
observer with an observation agent OA(7) does not represent the objective reality of
the gravitational deflection of light, unless the observer could take advantage of the
idealized observation agent OA...

17.4.3 The GOR Trajectory of Starlight

Obviously, the first term GM/hg? at the right end of the GOR motion equation
(17.26) of the photon m represents the objective and real physical information of the
photon m as the observed object, involving the gravitational constant G and the solar
mass M, as well as the velocity moment hx of the photon m; the second term
3GMu/#? depends on the information-wave 7 of the observation agent OA(7),
representing the observational effect of the observation agent OA(7). This
observational effect is caused by the observational locality (7 <o) of the observation
agent OA(7): the larger the information-wave speed 7, the smaller the observational
effect; if n—o0, then 3GMu/77—0, accordingly, the observational effect of OA(7)
or apparent phenomenon would disappear.

Based on the GOR motion equation (17.26) of the photon m, it could be
expected that, for different observation agents or different information-wave speeds,
the flight path of the photon m would exhibit different degrees of the gravitational
deflection of light. If the GOR motion equation (17.26) of the photon m could be
solved, one could get the flight path of the photon m and calculate the gravitational
deflection angle dcor=0cor(7) Of a specific agent OA(7).

However, the GOR motion equation (17.26) of the photon m is a nonlinear
differential equation, which is difficult to solve, unless Eq. (17.26) is reduced to
Newton’s motion equation (17.3) or (17.28) of the photon m. In the GOR motion
equation (17.26) of the photon m, the information-wave speed 7 of the observation
agent OA(7) covers the [c,+x). In particular, 7=c may be the discontinuous point
of the gravitational-deflection model of Eq. (17.26).

Fortunately, on the [c,+x), Eq. (17.26) has approximate solutions.
The Photon’s Trajectory under the Idealized Agent OA,: 77— ©

As n—oo, the observation agent OA(77) would become the idealized observation
agent OA., the GOR motion equation (17.26) of the photon m reduces to Newton’s
motion equation (17.3) or (17.28) of the photon m. Thus, we can get the exact
solution; as shown in Eq. (17.5) in Sec. 17.2.3, the flight path of the photon m is an
idealized or standard hyperbola.

Naturally, as r—o0, the gravitational deflection angle Scor=6cor() of the
starlight based on the GOR motion equation (17.26) of the photon m would be
exactly Newton’s deflection angle: Sn=2GM/Rsc?.
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According to the theory of GOR, the idealized observation agent OA. has no
observational locality, and therefore, it presents observers with the objective and real
scene of photon motion: dn=dcor(0)=2GM/Rsc? is the objectively gravitational
deflection angle of the starlight sweeping the solar surface.

The Photon’s Trajectory under the Optical Agent OA(c): n—>¢

As n—c, the observation agent OA(7) would naturally become the optical
observation agent OA(c), the GOR motion equation (17.26) of the photon m reduces
to Einstein’s motion equation (17.15) or (17.30) of the photon m. Thus, we can get
the approximate solution as shown in Eqgs. (17.22-23) in Sec. 17.3.3: the flight path
of the photon m is an approximate hyperbola.

Naturally, as n—c, the gravitational deflection angle Scor=0dcor(C) Of the
starlight based on the GOR motion equation (17.26) of the photon m is exactly
Einstein’s deflection angle: Se=dcor(C)=4GM/Rsc?.

It should be pointed out that the optical observation agent OA(7) has the
observational locality (c <), what it presents to observers does not represent the
objective and real scene of photon motion.

Although it is quite consistent with the observational conclusion of the optical
agent OA(7n), the gravitational deflection angle Se=4GM/Rsc? calculated by
Einstein’s theory of general relativity does not represent the objectively bending
angle of the starlight sweeping over the solar surface.

The Photon’s Trajectory under the General Agent OA(7): co>n>cC

As wo>pn>c, the GOR motion equation (17.26) of the photon m could be
rewritten as Eq. (17.31), in which neither the first term GM/hk>=GM/Rs?c? nor the
second term 3GMu/#? of the right end is zero. Therefore, Eq. (17.31) is quite
difficult to solve. The existence of the second term 3GMu/7? means that the photon
motion scene presented by the observation agent OA(7) (o>nr>c) to observers
depends on the information-wave speed 7 of OA(#), and contains the observational
effects of OA(7) or apparent phenomena.

For the specific observation agent OA(7) («o>#n>c), in order to obtain the
approximate solution of the GOR motion equation (17.26) of the photon m, it is
necessary to suppose that the information-wave speed 7 is far greater than the speed
¢ of light: n>>c. In the problem of the gravitational deflection of the starlight
sweeping past the sun as depicted in Fig. 17.2(c), the velocity moment of the photon
m is hk=Rsc and r=1/u>Rs. If 7>>c, then the second term 3GMu?/7? at the right
end of Eq. (17.31) would be a small quantity relative to the first term GM/Rs?c?:

3GM GM ¢ . c?
= 2/RSZC2 =3R§u2ﬂ—2§3F <1 (17.32)

Thus, by following the logic route of the reference [68], we can employ the
progressive approximation method to solve the GOR motion equation (17.31) of the
photon m and get the approximate solution. Excluding the second term 3GMu?/#7? at
the right end, the GOR motion equation (17.31) of the photon m is reduced to Eqg.
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(17.28), that is, Newton’s motion equation (17.3) of the photon m, and the solution
is exactly Eq. (17.7) in Sec. 17.2.3:

2

GM T GM . R.C
o= pr{1reeo( -7 )| -k sesne) [e-T0) a7

S S

where e=Rsc?/GM is Newton’s orbital eccentricity of the starlight or the photon m.

Since 3GMu?/n? is a small quantity relative to GM/Rs?c?, one could further
employ the progressive approximation method to substitute Eg. (17.33) into the right
end of the GOR motion equation (17.31) of the photon m, and get that:

du GM 36M(GM Y o
U=+ — — | (1+esing)
de RsC n RsC
GM G*Mm?® . .
=—— +3———(1+2esingp+e’sin? (17.34)
RZc? R;‘c“nZ( 14 0)

Equation (17.34) has the following solution:

u= G_M+SG3M3 1+§ (1+esing)
Ric*  R¢c'n? 2 ?
+Me{(£— jcos +3cosz }
Rich? L2 7)) 0T
As depicted in Fig.17.2(c), let p=7n+¢ (@>¢>—q), where both « and |¢| are

small quantities, cos(z+¢)~—1 and cos2(z+¢)~1. Since e>>1 and n>>c, Eq.
(17.35) could be approximated as:

(17.35)

~{GM +_3GM (1+esin )+—leI
Ric? ' 2Ry ) Ry
_ GM

?{Ciz+%}(l+ésin(p) (é=(2n* +3c?)e/2(n? +2¢%))  (17.36)
S

where & is the eccentricity of the photon orbit of the observation agent OA(7)
(n>>c); in particular, &>e as n—oo, that is, exactly the eccentricity of the photon
orbit of the idealized observation agent OA., (also known as Newton’s eccentricity
of the photon orbit).

Equation (17.36) is also a standard hyperbola. However, Eq. (17.35) is the
approximate solution of the GOR motion equation (17.31) of photons, and Eq.
(17.36) is the approximate expression of equation (17.35). Therefore, the GOR
photon orbit of the observation agent OA(7) (r7>c) is actually not a standard
hyperbola: as shown in Eq. (17.36), in GOR theoretical model of the two-body
system of (Sun,photon) under the observation agent OA(7) (7>c), the flight path of
the photon m is only an approximate hyperbola.

By observing Eq. (17.36), we know that: as 7—o0, the GOR orbital eccentricity
€& of the photon m under the observation agent OA(7) (7>>c) converges to
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Newton’s orbital eccentricity e of the photon m under the idealized agent OA...
Naturally, this means that the orbital eccentricity of GOR photon Equations of
motion is logical consistent with the orbital eccentricity of Newton photon motion;
or that, as n—o0, the GOR photon trajectory (Eq. (17.35)) converges to the idealized
or standard hyperbola.

Here, for the problem of the gravitational deflection of light, the GOR motion
equation (17.26) of the photon m has not only generalized Newton’s motion
equation (17.3) of the photon m but also Einstein’s motion equation (17.15) of the
photon m. The theory of GOR once again has unified Newton’s theory and
Einstein’s theory. This once again reflects the logical consistency not only between
the theory of GOR and Newton’s theory of universal gravitation but also between
the theory of GOR and Einstein’s theory of general relativity, and moreover, reflects
the logical self consistency and the theoretical validity of the theory of GOR.

17.4.4 The GOR Deflection Angle of Starlight

The GOR motion equation (17.26) of the photon m shows that: for different
observation agents, the flight path of the photon m would exhibit different degrees of
gravitational deflection or different bending angles.

Now, both Newton’s motion equation (17.3) of the photon m and Einstein’s
motion equation (17.15) of the photon m have become the special cases of the GOR
motion equation (17.26) of the photon m.

The Bending Angle under the Idealized Agent OAx: 7—

By analogizing and following the logic route in Sec. 17.2 to solve the GOR
motion equation (17.3) or (17.28) of the photon m, we can get the gravitational
deflection angle of the starlight under the idealized agent OA..: Scor=2GM/RsC?.

This is the Newton’s gravitational deflection angle on=dcor(ec) of light.

The Bending Angle under the Optical Agent OA(c): n—>c¢

By analogizing and following the logic route in Sec. 17.3 to solve the GOR
motion equation (17.15) or (17.30) of the photon m, we can get the gravitational
deflection angle of the starlight under the optical agent OA(c): dcor=4GM/Rsc?.

This is the Einstein’s gravitational deflection angle 6= dcor(C) of light.

The Bending Angle under the General Agent OA(c): ©o>7>C

In regard to the continuity and monotonicity of the solution of the GOR motion
equation (17.31) of the photon m with respect to re(c,»), the GOR gravitational
deflection angle dcor Of the starlight sweeping past the sun should be:

4GM 2GM
R Czs =0¢ 2 Ogor (77) 20y = R—CZS (17.37)
s s

where dcor=Jcor(77) depends on the observation agent OA(7): different observation
agents must present different degrees of the gravitational deflection of light.

As depicted in Fig. 17.2(c), the photon m starts from distant the star S at the
point A, sweeps over the surface of the sun M and reaches the earth faraway from
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the sun M, then we think that: r—o0, u—0, and ¢ — 7+, where « is a small quantity.
Thus, according to Eq. (17.35), we have

3 3 2
0= %4—% 1+& (1-esina)
Rsc®  Rsc'py 2

3G*M?3 T . e
+— 56\ | Tta|sina+—cos2a
RsC'n 2 6

(17.38)

According to Eq. (17.10), Newton’s orbital eccentricity e of the starlight
sweeping past the sun is e=Rsc?/GM >>1.

Substituting Newton’s eccentricity e into Eq. (17.38), we get

GM c? 3c?
= 1+2— 1+ )
a(n) R.c? { o }/{ 2772} (17.39)
Thus, the GOR gravitational deflection angle of the starlight is:
2GM c?
1) =2 = 1+ 17.4
o (1) = 20(r) - 22 (10 ) @740

where the speed c¢ of light represents the speed vac of the observed photon m and
involves the velocity moment hx=Rsc of the photon m as the observed object; the
information-wave speed 7 reflects the observational locality (7<) of the GOR
observation agent OA(7).

The gravitational deflection angle of the starlight dcor in Eq. (17.40) or «in Eq.
(17.39) is only the approximate solution of the GOR motion equation (17.31) of the
photon m, which requires that the information-wave speed 7 of OA(#) is large
enough or far greater than the speed c of light: 7>>c.

Nevertheless, Eq. (17.40) still provides us with the following insights:

(i) The first term 2GM/Rsc? in Eq. (17.40) is exactly Newton’s gravitational
deflection angle oy of the starlight, independent of the observation agent
OA(n), representing the objective and real gravitational deflection of light.

(ii) The second term 2GM/Rs(3c?+27%) in Eq. (17.40) depends on the
observation agent OA(7), which means that different observation agents
exhibit different degrees of the gravitational deflection of light, and hence,
contains the observation effects of OA(7) and apparent phenomena.

(iii) The observation effects or apparent phenomena are rooted from the
observational locality (7<) of the observation agent OA(7): under the
idealized agent OA. (n—), the GOR gravitational deflection angle dcor
would converge to Newton’s gravitational deflection angle on: Scor—>On.

According to Eqg. (17.40), in terms of an observation agent OA(7) (o>7>c):

ddsor (77) 8GMn

=- <0 17.41
dn R, (27% +3¢?)’ (17.41)
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Equation (17.41) means that the larger the information-wave speed # of the
observation agent OA(7), the smaller the GOR gravitational deflection angle Scor(7)
of the starlight presented by OA(#) to an observer, which is closer to the objective
and real Newton’s gravitational deflection angle Sn.

This conclusion is consistent with Eq. (17.37).

As expected earlier in this chapter, both Newton’s gravitational deflection angle
on and Einstein’s gravitational deflection angle &g are only special cases of the GOR
gravitational deflection angle dcor Of the starlight sweeping past the sun.

17.5 The Gravitational Deflection of Light:
Phenomenon and Essence

The test of the gravitational deflection of light provides a paradigm example for
us to test and verify the theory of GOR. In this way, we could further recognize and
understand the role of observation and observation agents in physics, and therefore,
and we could interpret the phenomena and essence in physical observations and
physical experiments.

Aimed at the problem of the gravitational deflection of light, the physics
community have endlessly been struggling to determine whether Einstein’s
prediction or Newton’s prediction is right.

Now, the theory of GOR tells us that: for the gravitational deflection of light,
Einstein’s prediction and Newton’s prediction are based on different theoretical
systems with different observation agents. What Einstein’s theory of general
relativity predicts is the phenomena of optical observation; while what Newton’s
theory of universal gravitation predicts is the essence of the physical world.

As far as the phenomenon is concerned, under optical observation, Einstein’s
prediction of gravitational deflection is right, supported by the optical observation
agent OA(c), consistent with the phenomenon in optical observation. However, in
essence, under ideal observation, Newton’s prediction of gravitational deflection is
right, supported by the idealized observation agent OA.., consistent with the
gravitational deflection of light in the objectively physical world.

Different perspectives, different phenomena.

However, the essence remains the same.

17.5.1 Galilean-Newtonian Perspective

As stressed repeatedly by the theory of OR (including IOR and GOR), Galileo’s
doctrine and Newton’s theory is the theory of ideal observation and the true
portrayal of the objectively physical world.

The theory of OR, as stated in Sec. 17.2.1, has already clarified that Galileo’s
doctrine and Newton’s theory implies the extremely idealized conditions of
observation: taking advantage of the idealized observation agent OA., in which the
information-wave speed of OA. is infinite, it takes no time to transmit the
information of observed objects, and there is no observational locality and hence no
relativistic effects; the momentum of the informons is infinitesimal, and there is no
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perturbation to observed objects and hence no quantum effects.

Only under such idealized observation conditions could the natural world
present us with the objectively original outlook of it. Of course, the idealized
condition agent OA.. can only be imagined but cannot be acquired.

The idealized agent OA. can be called Galilean-Newtonian Perspective.

Once, | interpreted the theory of observational relativity (OR) for youngsters and
talked about the concept of the idealized observation agent, a young girl suddenly
said: “That’s God’s perspective!” She was absolutely right: the completely objective
and real physical world could only be appreciated by God himself. Restricted by the
observational locality of realistic observation agents, human beings will never be
able to perceive or observe the completely objective and real physical world.

However, human reason could touch it.

It is because the information-wave speed of the idealized agent OA. is infinite
that Galileo’s doctrine and Newton’s theory have no relativistic effects; it is because
the informon momentum of the idealized agent OA. is infinitesimal that Galileo’s
doctrine and Newton’s theory have no quantum effects. Based on God’s perspective,
from the perspective of the idealized observation agent OA., Galileo and Newton
could be able to touch the objectively physical world.

In the two-body problem of (the star M, the planet m) as stated in Chapter 16,
the observed object P is the planet m. In general, the informon mass of observation
agents is far smaller than the mass of the planet m and would not produce the
significant perturbation to the planet. Therefore, we do not have to take into account
the problem of the informon momentum of observation agents in the two-body
problem of (star,planet). However, in the two-body problem of (the sun M, the
photon m), the observed object P is the photon m with extremely small mass; the
motion could be easily perturbed by the informons of observation agents, leading to
guantum effects. Therefore, the two-body problem of (Sun,photon) has to involve
the problem of the informon momentum of observation agents. Fortunately, the
informons of the idealized observation agent OA.. has no momentum.

It is thus clear that, observing a photon flying in the sky with the idealized
observation agent OA., is just like observing a bird or an airplane flying in the air
with the optical observation agent OA(c). Aimed at the problem of the gravitational
deflection of light, the motion trajectory of photons presented by the idealized agent
OA. to observers is the objectively gravitational deflection of light. In other words,
the gravitational deflection of light predicted by Newton’s theory of universal
gravitation represents the objectively gravitational deflection of light.

So, Newton’s gravitational deflection angle Sn=2GM/Rsc? of the starlight
sweeping over the solar surface calculated from Newton’s motion equation (17.3) of
photons is the gravitational deflection scene of the starlight under God’s perspective,
representing the objectively gravitational deflection.

17.5.2 Einstein’s Perspective

As stressed repeatedly by the theory of OR (including IOR and GOR),
Einstein’s theory of relativity is the theory of optical observation, and the relativistic
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effects described by Einstein are observational effects and apparent phenomena of
optical observation.

As stated in Sec. 17.3.1, Einstein’s theory of general relativity implies the
conditions of optical observation, belonging to the optical observation agent OA(c):
the information wave of OA(c) is light wave, and the information-wave speed of
OA(c) is the light speed c, it takes time to transmit the information of observed
objects, there is the observational locality (c<w) of OA(c), presenting relativistic
effects; the momentum of the informons of OA(c) is the momentum of photons,
there is the perturbation to observed objects, presenting quantum effects.

The optical agent OA(c) can be called Einstein’s Perspective.

Einstein did not really realize that his theory was only a partial theory, a theory
of optical observation which is valid only under the optical observation agent OA(c);
in particular, Einstein did not realize that there is the observational locality (c<) in
optical observation, and the observational locality (c<w) of OA(c) is the root and
essence of relativistic effects.

As far as the problem of the gravitational deflection of light is concerned,
Einstein observes the gravitational deflection of light under the optical agent OA(c),
in which photons are both the observed object of OA(c) and the informons of OA(c):
the carrying and transmission of the spacetime information of photons depends on
photons themselves. Therefore, as depicted in Fig. 17.2(c), the optical agent OA(c)
cannot observe the real motion trajectory of the photon m, and only as the photon m
reaches our retina or observation devices can we perceive the existence and position
of the photon m and take the illusory image (at the point B) of the star S as the real
star S or the direction of the star S.

As clarified in Sec. 17.3, the observational locality (c<oo) of the optical agent
OA(c) leads to the observational effects and apparent phenomena of OA(c):
Einstein’s gravitational deflection angle Se=4GM/Rsc? of the starlight sweeping
over the solar surface calculated from Einstein’s motion equation (17.15) of photons
is the gravitational deflection scene presented by the optical agent OA(c) to
observers, and does not represent the objectively gravitational deflection. However,
as far as the phenomenon is concerned, the gravitational deflection of light predicted
by Einstein’s theory of general relativity is quite consistent with the observational
conclusion of the optical agent OA(c), and supported by the optical observation of
total solar eclipses.

As a matter of fact, the observations of total solar eclipses, including the
Eddington’s and the Dyson’s 1451471 as well as, that in Wyoming 8], the United
States, are the optical observations made by the optical agent OA(c), and the
gravitational deflection phenomena of light presented by OA(c) naturally supports
Einstein’s prediction for the gravitational deflection of light.

17.5.3 GOR Perspective

Human perception of the objective world must rely on certain observation media
or observation agents. A realistic observation agent OA(7;) must have the
observational locality (7<) of it, and what OA(#) presents to observers must only
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be an image of the objective world rather than the objective world itself. We would
never be able to perceive or observe the completely real objective-world. Different
observation agents present different observational images to observers.

However, the objectively physical world must be one-of-a-kind.

The theory of OR (including IOR and GOR) has already clarified that, in theory,
all forms of matter motion could serve as observation media for transmitting the
spacetime information of observed objects to observers. In the theory of GOR, the
optical observation agent OA(c) no longer holds the special status: as stated in the
principle of general correspondence (GC) (Chapter 11), All observation agents are
equal; light is not the only observation medium that human beings could utilize.

So, we could observe the objective world from the broader perspective.

This is the so-called GOR perspective.

Aimed at the problem of the gravitational deflection of light, based on the GOR
field equation and the GOR motion equation, the theory of GOR has built up the
GOR theoretical model of the two-body system of (the sun M, the photon m), i.e.,
the GOR motion equation (17.26) of photons, which generalizes and unifies
Newton’s motion equation (17.3) of photons and Einstein’s motion equation (17.15)
of photons. The GOR motion equation (17.26) of photons is the theoretical mode of
the general observation agent OA(7) (n €[c,+x)), naturally depends on OA(7) and
the information-wave speed 7 of OA(#), contains the observational effects of OA(7).
Only as n—, the GOR motion equation (17.26) of photons reduces to Newton’s
motion equation (17.3) of photons, and is independent of the observation agent
OA(7) and the information-wave speed 77 of OA(7). In this case, the GOR motion
equation (17.26) of photons, i.e., Newton’s motion equation (17.3) of photons,
depicts the objectively gravitational deflection of light.

Naturally, the GOR deflection angle dcor=0dcor(7) of the starlight calculated
from the GOR motion equation (17.26) of photons depends on OA(7) and the
information-wave speed 7 of OA(7). As calculated and stated in Sec. 17.4: as n—c,
dcor(7m)=0k, that is, Einstein’s deflection angle; the larger the information-wave
speed 7 of OA(7), the closer OA(7) is to the idealized agent OA.., and the closer the
GOR deflection agent Scor(7) is to Newton’s deflection angle on; as 77—,
dcor(7m)=6n, i.e., Newton’s deflection angle, that is, the objectively gravitational
deflection angle dcor(w) of the starlight. Sweeping past the sun M.

The theory of GOR has clarified that, although it is quite consistent with the
phenomenon of optical observation, the prediction of Einstein’s theory of general
relativity does not represents the objectively physical reality; on the contrary,
although it is not quite consistent with the phenomenon of optical observation, the
prediction of Newton’s theory of universal gravitation is exactly the objectively
physical realistic.

Based on the theory of GOR, from the broad perspective of GOR theory, we
have finally discovered that what we perceive or observe is only phenomenal, may
not necessarily be essential or objective.
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18 GOR and Gravitational Redshift

This chapter continues to examine and test the theory of GOR with Einstein’s
three major scientific predictions.

This time it the problem of the gravitational redshift of light.

The problem of the gravitational redshift of light, like the problem of the
gravitational deflection of light stated in Chapter 17, can be reduced to the two-body
problem of celestial bodies (the sun M, the photon m): the sun M produces the
gravitational field; the photon m moves in the gravitational field.

Under the principle of general correspondence (GC), by analogizing or
following the logic of Einstein’s theory of general relativity, the theory of GOR
attempts to reexamine the phenomenon of the gravitational redshift of light, and
based on the invariance of time-frequency ratio, deduces the gravitational-redshift
equation of light. The theory of GOR will redefine the concept of gravitational
redshift based on the principle of conservation of energy, examining the
gravitational redshift of photons and informons under different observation agents.
In particular, the theory of GOR will reinterpret the theory of gravitational redshift
that is based on the classical mechanics and Newton’s theory of universal
gravitation.

The GOR gravitational-redshift equation, like all theoretical models in the
theory of OR (including IOR and GOR), has the high generalization, which will
generalize and unify Newton’s gravitational-redshift equation and Einstein’s
gravitational-redshift equation, and moreover, provide new insight into the theory of
gravitational redshift.

18.1 On the Gravitational Redshift of Light

The prediction of the gravitational redshift of light, like the prediction of the
gravitational deflection of light, was originally one of Einstein’s three famous
predictions to test and verify his general relativity and was proposed by Einstein
based on the principle of equivalence before the formal establishment of Einstein’s
theory of general relativity.

The gravitational redshift of light is a kind of phenomenon that the frequency of
light in a gravitational field would decay with the variation of gravitational potential.
Of course, in gravitational fields, there are not only the phenomenon of gravitational
redshift (frequency decay) but also the phenomenon of gravitational blueshift
(frequency growth).

As depicted in Fig. 18.1(al-2), a spacecraft is sailing in space, the light source at
the rear of the spacecraft emits light or photons with a frequency of f towards the
front of the spacecraft, and the frequency of the light or photons observed by the
astronaut at the front of the spacecraft is fo. It can be determined that: fo=f as the
spacecraft flies at uniform speed (as shown in Fig. 18.1(al): a=|a]=0); fo<f as the
spacecraft accelerates (as shown in Fig. 18.1(a2): a=a|>0).

According to Einstein’s equivalence principle: inertial force is equivalent to

216



gravitational force, and inertial field is equivalent to gravitational field; so, the
astronauts in the spacecraft could not determine whether the spacecraft is in an
accelerated state (a) or in a gravitational state (g=—a). Therefore, as depicted in Fig.
18.1(b1), suppose that there is a celestial body (a gravitational field: g=-a), then the
observer would find that the frequency f of the light flying from the celestial body
towards the inertial space must present decay or redshift (fo<f).

This is namely the gravitational redshift of light.
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Figure 18.1 Equivalence Principle and Gravitational Redshift. (a) The frequency shift of
light inside a spacecraft: As the spacecraft travels at uniform speed, the light source stationary
in the spacecraft emits light with the frequency f which is constant relative to the astronauts
inside the spacecraft (fo=f in (al) and (a3)); as the spacecraft accelerates, the astronaut at the
front finds that the frequency f of the light emitted by the light source at the rear presents
decay or redshifts (fo<f in (a2)), while the astronaut at the rear finds that the frequency f of the
light emitted by the light source at the front presents growth or blueshift (fo>f in (a4)). (b)
Frequency shift of light on a celestial body: According to Einstein’s equivalence principle, the
astronauts inside the spacecraft could not distinguish whether the spacecraft is in an
accelerated state or in a gravitational field, and therefore, for a massive celestial body (a
gravitational field g=—a in (b)), the observer would find that the frequency f of the light flying
from the celestial body towards the inertial space must present decay or redshift (fo<f in (b1)),
while the observer would find that the frequency f of the light flying from the inertial space
towards the celestial body must present growth or blueshift (fo>f in (b2)).

On the contrary, as depicted in Fig. 18.1(a3-4), the light source at the front of
the spacecraft emits light or photons with a frequency of f towards the rear of the
spacecraft, and the frequency of the light or photons observed by the astronaut at the
rear of the spacecraft is fo. It can be determined that: fo=f as the spacecraft flies at
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uniform speed (as shown in Fig. 18.1(a3): a=|a]=0); fo>f as the spacecraft
accelerates (as shown in Fig. 18.1(a4): a=|a>0).

According to Einstein’s equivalence principle: as depicted in Fig. 18.1(b2),
suppose that there is a celestial body (a gravitational field: g=—a), then the observer
would find that the frequency f of the light flying from the inertial space towards the
celestial body must present growth or blueshift (fo>f).

This is namely the gravitational blueshift of light.

Different from the gravitational deflection of light, the gravitational redshift of
light is usually interpreted based on Einstein’s dilation doctrine of gravitational time,
rather than based on Einstein’s curvature doctrine of gravitational spacetime. It is
based on Einstein’s dilation doctrine of gravitational time that Einstein was able to
predict and calculate the gravitational redshift of light. Actually, in Einstein’s theory
of general relativity, the gravitational redshift of light and the gravitational dilation
of time are the same or equivalent physical effects [149-151],

The easiest way to test or verify the gravitational redshift of light is for the
observers on the earth to observe the optical spectrum from the sun. The sun radiates
light or photon to the earth: let f be the frequency of the sunlight on the solar surface
and fo the frequency observed by the observer on the earth. Whether based on
Einstein’s prediction of the gravitational redshift of light or Newton’s prediction of
the gravitational redshift of light, the optical spectrum of the sun would inevitably
exhibit redshift as the sunlight from the sun to the earth: fo<f.

Einstein’s prediction of the gravitational redshift of light based on the principle
of equivalence is qualitative.

Before the formal establishment of his theory of general relativity, Einstein
could not quantitatively predict and calculate the gravitational redshift of light. After
the formal establishment of his theory of general relativity, Einstein solved the field
equation of general relativity to obtain the spacetime metric g,,, and based on the
spacetime line-element equation of photons ds=g,,,dx#dx" and the factor y=dt/dz of
spacetime transformation in general relativity, derived the gravitational-redshift
equation of the solar spectrum. In this way, Einstein calculated the theoretical value
of the gravitational redshift of the solar spectrum:

Af V90 (Rs +D
Z, =— 1_M (Dg > Ry)

f gOO(RS)

~at ~-2.12x10"° (goo =1-

2GM,
J (18.1)

rc?

where G is the gravitational constant, Ms is the solar mass, Rs is the solar radius, Dse
is the distance between the sun and the earth, and goo(r) is the metric 00-element at
the distance of r from the solar centroid; Zg is Einstein’s relative frequency-shift
(Ze<0 means redshift; Ze>0 means blueshift), Af is the absolute frequency-shift, and
f is the reference frequency.

Adam (1959 [*52]) provided the actual observed values of the redshift of the solar
spectrum: Z=-2x10-5. Blamont and Roddier (1961 ['%%l) and Brault (1963 [54)
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provided the actual observed value of the red shift of the solar spectrum:
Z=-2.12x107%, which conforms to the theoretical value predicted by Einstein within
the accuracy range of 5%.

The actual observations of the solar spectrum seem to support Einstein’s
prediction of gravitational redshift. However, there are also views that [©8: the
gravitational redshift of light in Eq. (18.1) is so small that the turbulence in the solar
chromosphere and Stark effect may have the uncertain impact on the accuracy of the
observation or measurement of gravitational redshift.

In addition to the sun, the spectra of other stars could also be employed to test
Einstein’s prediction of gravitational redshift; In particular, high-density stars could
exhibit more significant gravitational redshifts.

In 1954, Popper observed the spectrum of 40 Eridani B and found that the
redshift of its optical spectrum was Z=-5.6x10"° [1%%]; the theoretical value
predicted by Einstein’s theory of general relativity was Zg=—7x107°. In 1971,
Greenstein and et al observed the spectrum of Sirius B and found that the redshift of
its optical spectrum was Z=-(3.0+0.05)x10-* [15¢l; the theoretical value predicted
by Einstein’s theory of general relativity was Zg=—(2.841)x10* These
observations are generally consistent with Einstein’s prediction of gravitational
redshift of light. However, those stars are so far away from the earth that their
masses and radii are difficult to accurately be determined, and hence, there are some
doubts about the accuracy of these observations or measurements.

In 1958, M&ssbauer discovered M&shauer Effect 1571: the effect of recoil-free
gamma-ray resonance absorption, which has the extremely high energy-resolution of
up to 10713, and created the conditions for precisely measuring the gravitational
redshift of light on the earth’s surface. Thus, on the surface of the earth, one could
measure the gravitational redshift of gamma ray with the height difference AH of
only 20 meters.

Suppose that the generator of light signal on the earth’s surface emits light or
photons with frequency f from bottom to top (from top to bottom), the receiver of
light signal at a distance of AH>0 (<0) from the earth’s surface measures the light
signal with frequency fo, then the frequency difference is that Af=fo—f.

According to Einstein’s theory of general relativity:

J R, + AH
Z. :£:1_Mz_EAH

f 00 (R 2 (18.2)

(AH <R, g= GMZEJ
RE

where Zg is Einstein’s relative frequency-shift (Ze<0 means redshift; Ze>0 means

blueshift), Me is the earth’s mass, Re is the earth’s radius, AH is the height

difference between the receiver and the generator, goo(Re) is the metric 00-element

at the distance of Re from the earth’s centroid, goo(Re+AH) is the metric 00-element

at the distance of Re+AH from the earth’s centroid, and g is the gravitational
acceleration of the earth’s surface.
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The harder light or photons could obtain stronger Msbauer effect and more
significant gravitational redshift, such as the gamma ray emitted by ’Fe nuclei. In
1960, Pound and Rebka employed the gamma ray emitted by 5’Fe nuclei as the
radiation source and set AH=22.5m to observed the gravitational redshift of the
gamma ray. According to the theoretical value calculated from Eq. (18.2),
Ze=-2.46x10"%. Although Ze is very small, it could be determined by M&sshauer
effect. The observed value of Pound and Rebka was Z=-(2.57+0.26) x1071%: the
ratio of the actual Z to the theoretical Zg is Z/Zg=1.05+0.10; the observed value Z is
consistent with Einstein’s theoretical value Zg within the accuracy range of 10% [15€],
In 1964, Pound and Snider repeated the 1960 experiment and improved the
observation accuracy. This time the ratio of the actual Z to the theoretical Zg is
0.990+0.00760: the observed value Z is quite consistent with Einstein’s theoretical
value Zg within the accuracy range of 1% 59,

The observation and experiment of the gravitational redshift of light are
generally consistent with the theoretical prediction and calculation of Einstein’s
theory of general relativity. However, unlike the case of the gravitational deflection
of light, this time Einstein’s prediction of gravitational redshift seems to have lost its
challengers and competitors: Newton’s theory of universal gravitation could also
predict and calculate the gravitational redshift of light, and the theoretical value
seems to be the same as Einstein’s theoretical value, with no the observational
distinguishability.

Newton’s prediction of gravitational redshift is not based on Einstein’s
equivalence principle nor on Einstein’s dilation doctrine of gravitational time.

Newton’s prediction of gravitational redshift is based on the most concise
principle of physics: the principle of conservation of energy. The frequency of light
represents the kinetic energy of photons; the decay of kinetic energy of photons
must lead to the decay or redshift of the frequency of light or photons. According to
the principle of conservation of energy, based on classical mechanics and Newton’s
theory of universal gravitation, one could calculate the gravitational redshift of light,
in which it is necessary to calculate the potential energy of photons in the
gravitational field that depends on the classical mass of photons, especially on the
gravitational mass of photons. According to Einstein’s relativity theory, photons
have no rest mass, which means that photons have no classical mass or gravitational
mass. Without the gravitational mass of photons, it is impossible for Newton’s
classical mechanics to quantitatively predict or theoretically calculate the
gravitational redshift of light.

The current Newtonian formula of the gravitational redshift of light takes
Einstein’s relativistic mass as the gravitational mass of Newton’s classical
mechanics to calculate the potential-energy difference AV of photons and deduce the
pseudo Newtonian formula of the gravitational redshift of light:

_Af _hAf AE AV

™ f hf E  mc?

where Zpy is the frequency-shift (Zen<0 means redshift; Zpn>0 means blueshift) in
the pseudo Newtonian formula of the gravitational redshift of light, E=mc? could be

(E=mc® =hf; AV =V, -V) (18.3)
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regarded as the intrinsic kinetic energy (i.e., the energy of the photon m in vacuum),
m represents the relativistic mass of a photon (both the relativistic inertial mass and
the relativistic gravitational mass), AE is the increment of energy of the photon from
the emitter to the observer, V is the potential energy of the photon as it is emitted,
and Vo is the potential energy of the photon as it is observed.

Suppose that the gravitational mass m of the photon in Eq. (18.3) is constant,
then one could calculate the difference AV of potential energy of the photon and the
pseudo Newtonian gravitational redshift Zpn.

For the observation of the gravitational redshift of the solar spectrum in Eq.
(18.1), based on Newton’s classical mechanics, you could employ Eg. (18.3) which
mixes with relativity theory and quantum theory to calculate the absolute
frequency-shift Af and the relative frequency-shift Zen=Af/f of the solar spectrum:

_ﬁ_ GMS DSE - GMs

7 = — ~—
g R,.c® Ry +Dy  RyC? (184)
¢ _E_mc
h h
Af_AE_ AV Vo-V _ GMgm 11
h h h h (Rg+Dg R
GM¢m D GM¢m
h  Ry(Rs +Dg) Rh

For the observation of the gravitational redshift of the gamma ray on the earth’s
surface in Eq. (18.2), based on Newton’s classical mechanics, you could employ Eq.
(18.3) which mixes with relativity theory and quantum theory to calculate the
absolute frequency-shift Af and the relative frequency-shift Zpn=Af/f of the gamma
ray emitted by 5’Fe nuclei:

Af =%=—%=—mgﬁH (AV =mgAH)

Af  AE AV
A SN 9 (goom, /R

(18.5)

N E mc?

By contrasting Eqgs. (18.4-5) and Egs. (18.1-2), we know that, as far as the
observation of the gravitational redshifts of the solar spectrum and M&sbauer effect
are concerned, Newton’s prediction and Einstein’s prediction are nearly identical:
Zpn~ZE, and difficult to be distinguished in observation. Thus, people are no longer
curious about who is right, Newton or Einstein, but why Einstein and Newton are so
harmonious and consistent this time.

It should be pointed out that, as shown in Eq. (18.3), the current Newtonian
formula of gravitational redshift not only relies on Einstein formula E=mc?
involving relativity theory but also relies on Planck equation E=hf involving
quantum theory. Accordingly, the current Newtonian formula of gravitational
redshift is not the product of pure classical mechanics and Newton’s theory of
universal gravitation, but the mixture of Newton’s theory of universal gravitation
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and Einstein’s theory of general relativity, and even involves quantum theory.

Later on, we will deduce Newton’s gravitational-redshift equation purely based
on classical mechanics and Newton’s theory of universal gravitation, which will be
generalized and unified into the theoretical system of GOR.

18.2 Einstein and Gravitational Redshift

Einstein’s prediction of the gravitational redshift of light, like his prediction of
the gravitational deflection of light, is based on his equivalence principle.

Before the formal establishment of his general relativity, Einstein could only
employ his equivalence principle to qualitatively interpret the logical thought of the
gravitational redshift of light in the way as depicted in Fig. 18.1, but could not
guantitatively calculate of the gravitational redshift of light. After the formal
establishment of his general relativity, Einstein derived the gravitational-redshift
equation of light based on the approximate solution (Eq. (15.3) in Sec. 15.2.1 of
Chapter 15) of Einstein field equation and calculated the theoretical value of the
gravitational redshift of the solar spectrum, providing the basis for testing and
verifying his general relativity and the gravitational redshift of light.

It is of important significance to explore the problem of the gravitational redshift
of light and carry out the observation and experiment of the gravitational redshift of
light: verifying Einstein’s equivalence principle, testing Einstein’s doctrine of the
gravitational dilation of time, testing Einstein’s doctrine of the gravitational redshift
of light, and testing Einstein’s theory of general relativity.

Here, we review Einstein’s prediction of the gravitational redshift of light and
the theoretical calculation based on general relativity, and reexamine Einstein’s
theory of the gravitational redshift of light, which will be contributed to our
recognition and understanding of the theory of GOR.

18.2.1 Einstein’s Gravitational-Redshift Equation

Einstein’s deduction of the gravitational-redshift equation does not directly
derive and calculate the frequency shift of light or photons moving in gravitational
spacetime, but based on the equivalence between the gravitational redshift of light
and the gravitational dilation of time, indirectly derive and calculate the gravitational
redshift of light.

The Idealized Static Spherically-Symmetric Gravitational Spacetime

As depicted in Fig. 18.2, the celestial body M, as the gravitational source,
produces an idealized static spherically-symmetric gravitational spacetime, which
satisfies the idealized conditions of static spacetime:

0 .
9 =0 and g,=0 (i=123) (18.6)
where the first term is the condition of stationary spacetime, the second term is the
condition of orthogonal spacetime.

The gravitational spacetime that satisfies the two idealized conditions in Eq.
(18.6) is referred to as static spacetime.
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Einstein’s approximate solution (Eq. (15.3) in Sec. 15.2.1 of Chapter 15) of
Einstein field equation and Schwarzschild exact solution (Eq. (15.7) in Sec. 15.2.2
of Chapter 15) of Einstein field equation are both the static spherically-symmetric
spacetime metrics, and can be employed to deduce the gravitational-redshift
equation of light.

The Deduction of Einstein’s Gravitational-Redshift Equation

According to the logic of Einstein’s theory of general relativity (see Zhao’s
literature [160]), as depicted in Fig. 18.2, suppose that, in the gravitational spacetime
with the celestial body M as the gravitational source and gravitational center O, the
light source or optical clock Tp is stationary at the point A (at the distance of ra from
the gravitational center) and emits light or photos to the point B (at the distance of rg
from the gravitational center O): the optical clock Te at the point A emits light or
photons with the frequency of fa(t1) at the coordinate time t1, and the observer at the
point B receives the light or photons with the frequency of fg(t.) at the coordinate
time tz; then Tp at A emits light or photons with the frequency of fa(t:') at the
coordinate time ti’, and the observer at B receives the light or photons with the
frequency of fg(t2") at the coordinate time t,'.

According to the idealized conditions in Eq. (18.6), the gravitational field of M
is stationary spacetime and does not change with time. Suppose the frequency of the
optical signals emitted by the light source or optical clock T at the coordinate times
t; and ty’ is the same: fa(t1)=fa(t1")=fa, then the observer at the point B should also
receive the two optical signals with the same frequency at the coordinate times t;
and to': fa(t2)=fa(t2")=fe. Moreover, the time interval between the transmission of two
optical signals from the point A to the point B should also be the same:

L-t=t-t

or tl'_tl :té - (til_t1 Eth'té -t EdtB)

Equation (18.7) suggests that the time difference between the two optical signals

emitted by the light source or optical clock Te at the point A is equal to the time

difference between the two optical signals received by the observer at the point B:
dta=dteg.

According to the reference [160]: “t is the coordinate time, not the intrinsic time

7 that the observer actually measured.” The literature [160] claims that the intrinsic

times experienced by the observers at the points A and B are dz and drs,
respectively, and should be different.

According to the factor y=dt/dz (Eqg. (12.11) in Sec. 12.2.4 of Chapter 12) of
spacetime transformation in Einstein’s theory of general relativity:

dr, = v Y00 (rA )th and dzg = \ 9oo (rB )dtB
[ 18.8
sothat 9% gL(rB) (dtg =dt, ) e

dTA gOO(rA)

where, as depicted in Fig. 18.2, goo(ra) and goo(rs) are respectively the metric
00-elements of the point A and the point B in the gravitational field of M.

(18.7)
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Equation (18.8) suggests that dza=dzs or dza>dzs.

This is the phenomenon of the time dilation of gravitational spacetime or the
effect of potential-clock running slower.

As stated by the reference [160], Einstein ever suggested testing the effect of
potential-clock running slower by means of the spectral frequency shift (redshift or
blueshift). The intrinsic frequency of the atomic radiation spectrum reflects the
intrinsic oscillation frequency of the atom: f=dN/dz, where N is the intrinsic number
of atomic oscillations. In the gravitational spacetime of M, when the number of
atomic oscillations observed by the observers at the points A and B is the same
(dNg=dN,), it could be inferred from the formula f=dN/d z that:

f, drg

f,dr, = f.d or A=—02
A7, = Tgl7g f. de, (18.9)
By substituting Eq. (18.9) into Eq. (18.8), Einstein had the frequency shift:
Z. :ﬂzﬁzl_f_A :1_%
f fs fg dz,
r
1 Joo (1) (goo=1+2—f:z=—G—M] (18.10)
\/ gOO (rA) ¢ r

where G is the gravitational constant, M is the mass of the celestial body, ra is the
distance of the point A (where the light source or optical clock Tp is at rest) from the
gravitational center O of M, and rg is the distance of the point B from the
gravitational center O of M.

This is Einstein’s gravitational-redshift equation.

The simplest and easiest way to test the gravitational redshift of light is to
observe the gravitational redshift of the spectrum of the sun. The corresponding
theoretical calculation can be based on Eq. (18.10): let M=Ms be the solar mass, the
point A be located on the solar surface (ra=Rs), and goo(rs) —1 as rg—oo.

By substituting Schwarzschild metric goo(Rs)=1+2GMs/Rsc? into Eq. (18.10),
one could have that:

z 1 L z_GMi
\/goo(Rs) RsC

This is the theoretical gravitational redshift of the solar spectrum observed by
the observers in the free spacetime Sk.

Let B be the earth. Since the distance between the sun and the earth is far greater
than the solar radius: re>>Rs, the gravitational redshift of the solar spectrum
observed by the observers on the earth should be approximate to Einstein’s
predictive value of Zg~—2.12x10 in Eq. (18.11).

=-2.12x10° (18.11)
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Z ,  The Static Spherically-Symmetric Gravitational Spacetime
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Figure 18.2 The Gravitational Redshift of Light in A Static Spherically-Symmetric
Gravitational Spacetime: The celestial body M is the gravitational source and center of
the spherically-symmetric gravitational spacetime. The light source or optical clock Tp at
the point A stationary in the gravitational spacetime of M emits the light signal with the
frequency fa to the point B. The observer at the point B receives the light signal with the
frequency fs. According to Einstein’s equivalence principle and Einstein’s theory of
general relativity: fg<fa, which means that the frequency of the light signal exhibits decay
in gravitational spacetime, showing the phenomenon of gravitational shift.

18.2.2 The Invariance of Time-Frequency Ratio
and the Gravitational Redshift of Light

There are some doubts about Einstein’s gravitational-redshift equation (18.10)
of light and about the deduction of Eg. (18.10), which is worth a discussion.

According to the theory of OR (see Sec. 12.3 in Chapter 12), the intrinsic time
dr is the objective and real time, does not depend on observers, essentially but not
mathematically, nor depends on observation agents. We are not able to understand
why the intrinsic times dza and dzg are different in Eq. (18.8), and moreover, we are
able to understand why the atomic-oscillation numbers dNa and dNg of different
observers are the same in Eq. (18.9).

Logically, the deduction of Einstein’s gravitational-redshift equation (18.10) of
light is not very clear or definite.

According to the theory of OR, dm=dzg=dz. Therefore, based on Einstein’s
factor y=dt/dz (Eq. (12.11) in Sec. 12.2 of Chapter 12) of spacetime transformation
in general relativity, Eq. (18.8) needs to be transformed into:

dr =0y (ra)dty and dz=/gy (rs)dts
sothat St V(%) (1812)

dtB Y00 (rA)
The theory of OR has an important theorem or even a principle (see Eg. (2.3) in
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Sec. 2.3.2 of Chapter 2): the invariance of time-frequency ratio, which is the
important relationship between the time t and the clock frequency f.

According to the invariance of time-frequency ratio, it follows that:

dizdi or k:di (1813)
f, f3 fy dtg
where both dta and dtg are the observational times of the optical clock Tp, while fa
and fg are the observational frequencies of the optical clock Tp.

In this way, you could also get Einstein’s gravitational-redshift equation of light:

7 _ﬁ_@_l_f_A_l_dﬁ
£ fy fy dt,
Goo (1 2 GM
=1_M (goo =1+_)2(;Z=——j (18.14)
gOO(rA) c r

Equation (18.14) is the same as Einstein’s equation (18.10).

However, Eq. (18.14) is based on the invariance of time frequency ratio from the
theory of OR, with clear and concise logic. This result confirms the principle of the
invariance of time frequency ratio. As a matter of fact, as stated in Sec. 2.3 of
Chapter 2, the invariance of time-frequency ratio is the logical consequence of the
time definition (Def. 2.2) of OR theory, that is, a theorem of the theory of OR.

18.2.3 The Gravitational Redshift
of the Optical Observation Agent

According to the theory of OR, Einstein’s theory of general relativity is the
theory of optical observation, and the observation agent of it is the optical agent
OA(c), where the observation medium or the information wave that transmits the
observed information of observed objects to observers is light or electromagnetic
interaction.

By examining Fig. 18.2, you might have some doubts.

Firstly, as far as Einstein’s theory of general relativity is concerned, in the
precession problem of Mercury’s perihelion, the observed object is Mercury, and it
is light that transmits the motion information of Mercury to observers; in the
gravitational-deflection problem of light, the observed object is light, and it is the
light itself that transmit the motion information of light to observers.

So, in the gravitational-redshift problem of light, what is the observed object? Is
it the moving photon or the stationary light source (optical clock) Te at the point A?

It is worth noting that, whether Eq. (18.10) or Eq. (18.14), the deduction of
Einstein’s gravitational-redshift equation needs to make use of the factor »=1/\(goo)
of spacetime transformation. However, in general relativity, the general expression
of Einstein’s factor of spacetime transformation is =1/\((\(goo)—7iV'/c)2-v?/c?) (Eq.
(12.16) in Sec. 12.2.4 of Chapter 12). Under the condition of orthogonal spacetime
in Eq. (18.6), =0, and therefore, y=1/N(goo—v?c?) (Eq. (12.12) in Sec. 12.2.4 of
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Chapter 12). Thus, whether Eq. (12.12) or Eq. (12.16)), y=1/\(goo) requires the
observed object to be stationary in gravitational spacetime: v=0.

It follows that, in the problem of the gravitational redshift of light depicted in
Fig. 18.2, the observed object is not light or photons, but can only be the light source
(optical clock) Tp stationary at the point A that emits light signals, and the light or
photons emitted by Tp is only the observation medium of Einstein’s optical agent
OA(c), i.e., the information wave or informons of OA(c) that carries and transmits
the spacetime information of Tp. (It should be noted that, according to Einstein’s
factor (Eq. (12.16)) of spacetime transformation, there is no need for the condition
of orthogonal spacetime (gio=0 (i=1,2,3)) if v=0.)

Secondly, another issue is: In the problem of the gravitational redshift depicted
in Fig. 18.2, whether the clock Tp as the observed object must be a light source or
must be an optical clock?

Actually, as stated earlier, Einstein’s gravitational-redshift equation of light does
not directly calculate the gravitational redshift of light, but indirectly derives and
calculates the gravitational redshift of light based on the equivalence between the
gravitational redshift of light and the gravitational dilation of time. Whether Eq.
(18.10) or Eqg. (18.14), the so-called gravitational redshift Af or Ze=Af/f of light is
actually the gravitational dilation of time in Einstein’s factor y=dt/dz of spacetime
transformation: y=dt/dz=1/(goo) means the dilation of gravitational time dt.

Equation (18.11) visually shows the relationship between the gravitational
redshift Ze of light and Einstein’s spacetime-transformation factor »=1/(goo):
Ze=1—y. In other words, as an observer of the free spacetime Sg observes the solar
spectrum, the observed gravitational-redshift Ze of light is the frequency-shift or
dilation of the time in the gravitational spacetime of the sun:

z,—1-y-1-9t_4 1

>R
dr m (rz=R) (18.15)

where dt is the observational (observed) time of the solar gravitational spacetime,
and may be called the solar gravitational time.

Accordingly, the clock Tp in Eq. (18.15) (as shown in Fig. 18.2) is a potential
clock at rest in the gravitational spacetime of the celestial body M or at rest on the
surface of celestial body M.

In theory, all matter waves or periodic physical phenomena could be employed
to define clock or time.

According to de Broglie’s theory of matter waves, all matter particles or matter
systems are matter waves, and could be employed to define clock or time. So, as the
observed object of gravitational redshift, the clock Tp can be any matter system or
any periodic physical phenomenon.

However, in Einstein’s theory of general relativity, it is the optical observation
agent OA(c) that transmits the information of Tp to observers. Therefore, in Fig.
18.2, the signals emitted by Tp from the point A to the point B must be light or
photons, which is not the observed object, but the observation medium of OA(c): the
information wave and informons of OA(c), for carrying and transmitting the

227



information of Tp, including the temporal and spatial information of Tp, and at the
same time, including the observational effect caused by the observational locality
(c<o0) of the optical observation OA(c).

At this point, it can be concluded that Einstein’s gravitational-redshift equation
of light is the gravitational-redshift equation of the information wave and informons
of the optical observation agent OA(c); Einstein’s gravitational-redshift theory of
light is the gravitational-redshift theory of the optical observation agent OA(c). In
Einstein’s gravitational-redshift equation (18.10) of light, Z¢ is the gravitational
redshift of the optical agent OA(c), representing the gravitational redshift of the
whole optical observation system or optical agent OA(c): not only the gravitational
redshift of information waves and informons of OA(c), but also the gravitational
redshift of the observational time of OA(c), and even the gravitational redshift of de
Broglie’s matter waves of all matter systems.

18.3 Newton and Gravitational Redshift

Newton’s theory of universal gravitation can also interpret and calculate the
gravitational redshift of light.

However, unlike Einstein’s theory of general relativity, Newton’s theory of
universal gravitation does not need the principle of equivalence for interpreting the
gravitational redshift of light, nor does it need the gravitational effect of time
dilation or the gravitational effect of potential-clock running slower.

Actually, as stated in Sec. 18.1 of this chapter, the gravitational redshift of light
does not mean the time dilation of gravitational spacetime, nor the gravitational
effect of potential-clock running slower. In essence, the effect of gravitational
redshift lies in the transformation of energy forms. Newton’s theory of the
gravitational redshift of light is based on the most concise principle of physics: the
principle of conservation of energy.

18.3.1 Pseudo Newtonian Formula
of the Gravitational Redshift of Light

Newton’s theory of universal gravitation interprets the gravitational redshift of
light based on the principle of conservation of energy, which needs to calculate the
classical kinetic-energy K and the classical potential-energy V of photons in
gravitational spacetime, and therefore, needs the classical mass m.. of photons: K
needs the classical inertia-mass of m;; V needs the classical gravitational-mass of mg.

However, Newton’s classical mechanics has no knowledge about the classical
mass m, (including m; and mg) of photons.

Therefore, the current strategy has to borrow Einstein formula E=mc? and the
Planck equation E=hf to calculate the photon mass: m=E/c? or m=hf/c?; moreover, by
employing Einstein’s relativistic mass m as Newton’s classical mass to deduce the
so-called Newtonian gravitational-redshift equation.

The following derivation originates from Zhao’s literature [160]: the current
derivation of the so-called Newtonian gravitational-redshift equation of light is
generally the same. (However, we could not determine whether this approach or
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strategy began with Einstein.)

As depicted in Fig. 18.2, suppose that, in the static spherically-symmetric
gravitational spacetime of the celestial body M, a photon flies from the point A to
point B, then according to Newton’s classical mechanics, the loss of the photon’s
energy (Kinetic energy) should be:

Iy GMm M
AE:L [— > gjdr:—GMLr—z"dr (18.16)

where, G is the gravitational constant, M is the mass of the celestial body as
gravitational source, and mg is the gravitational mass of the photon.

Suppose that the gravitational mass mg and the inertial mass m; of a photon are
the same, and that the photon mass is lossless during motion, then:

1l®

AE =-GM [* T dr = GMm, 1 1
N g r

= GMm, [———J (18.17)

le Ta

It is worth noting that, in order to deduce Newton’s gravitational-redshift

equation of light, the literature [160] specifically lists the following relations of
non-Newtonian classical mechanics:

E =m,c® = hf
hf
m = (18.18)
AE = hAf

where m is the relativistic mass in Einstein formula E=mc?, used as both the classical
inertial-mass m; of the photon and the classical gravitational-mass mg of the photon.
By substituted Eq. (18.17), one could have the absolute redshift of photons:

AE GM(1 1
Af =—=— [———jf (18.19)
h c-\rp 1,
Then, the relative redshift Zpy of photons is:
Af GM([1 1
Zoy=—= ——= 18.20
A ( A j ( )

where Zpy is referred to as the pseudo Newtonian redshift.

As stated earlier in this chapter, the current Newtonian gravitational-redshift
equation (18.20) of light borrows both Einstein formula E=mc? and Planck equation
E=hf for deducing the so-called Newtonian redshift, involving both relativity theory
and quantum theory. This means that the current Newtonian gravitational-redshift
equation of light is not the product of the pure Newtonian classical mechanics, but
the mixture of Newton’s classical mechanics and Einstein’s relativity theory, as well
as, even quantum theory, which can be called the pseudo Newtonian formula of
the gravitational redshift of light.
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Generally, GM/rc? (<<1) is a small quantity. Therefore, by contrasting
Einstein’s gravitational-redshift equation (18.10) and the pseudo Newtonian
gravitational-redshift equation (18.20), one could find out that Einstein’s redshift Zg
and the pseudo Newtonian redshift Zpy are approximate without the observational
distinguishability:

Z. =1——Vg°"(r3)z¥(i—ij=zm (18.21)
gOO(rA) ¢

rB r-A
It should be pointed out that the observational indistinguishability between Zg
and Zpy is exactly because Zpy is only the pseudo Newtonian.

We expect the real Newtonian theory of gravitational redshift, that is, Newton’s
gravitational-redshift equation of light which is purely based on classical mechanics
and Newton’s theory of universal gravitation.

18.3.2 Real Newtonian Formula
of the Gravitational Redshift of Light

According to the theory of OR: the essence of the gravitational redshift of light
is not the gravitational dilation of time; both the gravitational effect of time dilation
and the gravitational effect of potential clock running slower are the observational
effects, rooted from the observational locality (r7<w) of the observation agent
OA(n). According to the theorem of Cartesian spacetime, under the idealized
observation agent OA., both the gravitational effect of time dilation and the
gravitational effect of potential clock running slower would disappear.

The essence of the gravitational redshift of light is the conservation of energy
and the transformation of energy forms, following the principle of conservation of
energy. Therefore, the definition and calculation of the gravitational redshift of light
should be based on the viewpoint of energy and the idea of conservation of energy,
rather than the dilative effect of time in gravitational spacetime.

The frequency f of a photon represents the kinetic energy K of the photon. Under
the optical observation agent OA(c), the kinetic energy K of the photon (or one of
the informons of OA(c)) is K=E=mc?=hf, where m is the relativistic mass of the
photon; Under the idealized observation agent OA.., the kinetic energy K of the
photon as the observed object P of OA. is K=m.c%/2=m.c%/2 (Eq. (5.26) and Eqg.
(5.8)), where m,, is the classical mass of the photon and m; is the rest mass of the
photon. According to the theory of OR, a photon has different frequencies under
different observation agents; in particular, under the idealized agent OA.., the
spectrum of light or photons would be unobservable. Thus, the definition Z=Af/f of
the gravitational redshift of light under the optical agent OA(c) would no longer
applicable to the idealized agent OA.., and naturally, nor to classical mechanics and
Newton’s theory of universal gravitation.

According to Newton’s theory of universal gravitation, in the gravitational field,
there is a relation of as one falls another rise between the kinetic energy K and
potential energy V of a matter particle, keeping conservation of total energy.
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As in the case of ordinary matter particles, for a photon moving in gravitational
spacetime, if its potential energy V increases, then its kinetic energy K decreases,
and vice versa. In essence, the gravitational redshift of light means the
Kinetic-energy decay of photons. Therefore, the gravitational redshift of light,
whether under the idealized agent OA. or under the optical agent OA(c), can be
defined as the decay or redshift of photons’ kinetic energy.

Einstein’s optical agent OA(c) defines the gravitational redshift of light as
Ze=Af/f based on the observational frequency f and the observational frequency-shift
Af of photons in gravitational spacetime. Actually, under the principle of
conservation of energy, it could be equivalently transformed into the gravitational
redshift definition Ze=AK/K based on the observational kinetic-energy K and the
observational kinetic-energy shift AK of photons in gravitational spacetime:

_Af, hAf,  AK,
ETF T e, _K_c (18.22)

c

where Zg is Einstein’s gravitational redshift of light, f. and Af. are respectively the
relativistic frequency and relativistic frequency-shift of photons under the optical
agent OA(c), while K. and AKc are respectively the relativistic kinetic-energy and
relativistic kinetic-energy shift of photons under the optical agent OA(c).

In this way, based on the idea of energy, under the principle of conservation of

energy, by following the logic of Eq. (18.22), Newton’s gravitational redshift of
light could be defined as follows:

Z, =—= (18.23)

where Zy is Newton’s gravitational redshift of light, K. and AK., are respectively the
classical kinetic-energy and classical kinetic-energy shift of photons under the
idealized observation agent OA...

It should be pointed out that: if Newton’s gravitational redshift Zy of light is
defined with Eqg. (18.23), then the observed object of gravitational redshift of light in
Fig. 18.2 would no longer the light source (potential clock) Te stationary at the point
A, but the light or photons; the observation agent would no longer the optical agent
OA(c), but the idealized agent OA., and therefore, the informons transmitting
gravitational-redshift information of light would no longer photons themselves, but
the idealized informons of OA. with the infinite speed and the infinitesimal
momentum. In classical mechanics, photons lose their special status as informons
and are no different from ordinary matter particles. Thus, according to Newton’s
classical mechanics, the classical kinetic-energy K, and the classical
potential-energy V. of a photon in gravitational spacetime should be:

K., =m,c?/2
V,(r)=-GMm,_/r (18.24)
K, (=K., -V, (r)=m_c’/2+GMm_/r
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where Kg.=m.c?2 is the kinetic energy of the photon in vacuum or the free
spacetime Sk, Ko(r) and V«(r) are respectively the classical kinetic-energy and
potential-energy of the photon at the distance r from the gravitational center O, and
M., is the classical mass of the photon.

According to the principle of conservation of energy: AK=-AV.

For the gravitational-redshift scene of light described in Fig. 18.2, from Eg.
(18.23) and Eq. (18.24), it is follows that:

o= A}Fm :_AKVOO :_Vm(rli)_(:/w)(rA) (AV, =V, (r5)-V..(rn))
~ (-GMm,/ry)-(-GMm, /r,)  2G6Mr, (1 1
T (mc/2)-(-6Mm_jr,)  re+26M (T T, (18.25)

where K(rg) is the classical kinetic-energy of the photon at the distance rg from the
gravitational center O, and V.(ra) and V.(rg) are the classical potential-energies of
the photon at the distances ra and rg from the gravitational center O, respectively.

This is truly Newton’s gravitational-redshift equation of light.

Equation (18.25) is purely based on Newton’s classical mechanics and Newton’s
law of universal gravitation, independent of relativity theory and quantum theory, no
involving Einstein formula E=mc? and Planck equation E=hf, and different from
Einstein’s gravitational-redshift equation (18.10) and the pseudo Newtonian
gravitational-redshift equation (18.20).

Suppose that an observer in the free spacetime Sg observes the solar spectrum:
M=Ms, ra=Rs and rg—o0, then Newton’s gravitational-redshift equation (18.25) of
light reduces to:

z, =200 [—1}—26“"5 (18.26)

r,c’ r, R,C?

Where, G is the gravitational constant, Ms is the solar mass, Rs is the solar radius,
and Zy is Newton’s gravitational redshift of the solar spectrum.
This is different from our previous knowledge and understanding.

the conclusion Eq. (18.26) is different from that of the pseudo Newtonian
gravitational-redshift equation (18.20): as far as the solar spectrum is concerned,
Newton’s gravitational-redshift Zy of the solar spectrum in Eq. (18.26) is not the
same as or approximate to Einstein’s gravitational-redshift Ze of the solar spectrum
in Eq. (18.11), but is twice Einstein’s Zg: Zn=2Zk.

Later on, the correctness and validity of Newton’s gravitational redshift equation
(18.25) will be confirmed by the gravitational-redshift theory of GOR and the GOR
gravitational-redshift equation of light.

18.4 GOR and Gravitational Redshift

The theory of GOR can also predict or calculate gravitational redshift.
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However, the theory of GOR is the theory of the general observation agent
OA(n), and the gravitational redshift of it may not necessarily be the gravitational
redshift of light. The gravitational redshift of GOR can be the gravitational redshift
of the informons of the general observation agent OA(#%) and the gravitational
redshift of the observed object P (including general matter particles and photons)
under OA(#). It can be expected that, as far as light or photons is concerned, the
gravitational redshift of light predicted by the theory of GOR depends on the
observation agent OA(#z) and the information-wave speed 7 of OA(7): under
different observation agents, the light or photons in the same gravitational scene will
exhibits different degrees of gravitational redshift.

As a matter of fact, no matter Einstein’s gravitational-redshift equation of light
or Newton’s gravitational-redshift equation of light is destined to be generalized and
unified into the gravitational-redshift theory of GOR.

18.4.1 The Gravitational Redshift
of the General Observation Agent OA(7)

Under the principle of general correspondence (GC), by analogizing the logic of
Einstein’s gravitational-redshift equation (18.10), no matter following PGC logical
route 1 or PGC logical route 2, the theory of GOR can derive the GOR
gravitational-redshift equation that must be isomorphically consistent with
Einstein’s equation (18.10). What is surprising is that it will still be isomorphically
consistent with Newton’s equation (18.25).

It should be pointed out that: Einstein’s gravitational-redshift theory originally
intended to explore the decay or redshift of the frequency of light or photons in
gravitational spacetime; but actually, Einstein’s gravitational-redshift equation (Eq.
(18.10) or Eq. (18.14)) was the gravitational-redshift equation for the observation
time of the optical agent OA(c), and the logical deduction of it was based on the
gravitational-dilation effect of the observational time of the optical agent OA(c). As
stated in Sec. 18.2.3, Einstein’s gravitational-redshift theory is the theory of
gravitational redshift of the optical observation agent OA(c), representing the
gravitational redshift of the whole optical observation system.

Therefore, if the GOR gravitational-redshift equation is derived based on the
principle of GC, then it will be the gravitational-redshift of the information waves
and informons of the general observation agent OA(#), rather than the gravitational
redshift of light or photons, unless the observation agent OA(#) is the optical
observation agent OA(C).

Here, by analogizing or following the logic stated in Sec. 18.2.2, the theory of
GOR will deduce the GOR gravitational-redshift equation of the information wave
or informons of the general observation agent OA(#7) based on the invariance of
time-frequency ratio.

Similar to the case of the optical observation agent OA(c), for the general
observation agent OA(#) in the theory of GOR, in theory, the clock T in Fig. 18.2
could be any wave or any periodic physical phenomenon. However, the signal
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radiated by Te from the point A to the point B is not light or photons, but the
information wave or informons of OA(#), that is, the observation medium of OA(7)
carrying and transmitting the spacetime information of Tp, including the temporal
and spatial information of Tp.

According to the theory of GOR, for the general observation agent OA(7), the
factor GOR of spacetime transformation is 7°(7)=dt,/dz, or:

d7 =g (ra)dt, (ra) and dz =gy (1 )dt, (1)

dt, (1a) _ /e (fe.77) [g (r):“ZGMJ (18.27)
dt”(rB) \/goo(rA,n) ® 2

rn

where 7 is the information-wave speed of OA(7), t, is the observational (observed)
time of OA(7) depending OA(7) on and 7, dris the objective and true time (i.e., the
intrinsic time or proper time), dt,(ra) and dt,(rg) are the coordinate time-elements at
the spatial points A and B, respectively.

According to the theory of OR, the information waves or informons of a specific
observation agent OA(7) has its specific frequency f,. However, all observation
agents follow the invariance of time-frequency ratio:

dy(r)_d (k) - f,(n)_dt(n)
f'i(rA) f’](rB) f'l(rB) dtn(rB)

where, it is worth noting that, dt,(ra) and dt,(rg) are respectively the observational
time-elements of Tp at the spatial points A and B, f,(ra) and f,(rg) are respectively
the observational frequencies of Tp at the spatial points A and B.

The gravitational redshift of the information wave or informons of the general
observation agent OA(7) should be defined as: Zoa(,=Af,/f,. For the gravitational
redshift scene in Fig. 18.2, the gravitational redshift equation of the information
wave or informons of the general observation agent OA(r) can be derived based on
the invariance of time-frequency ratio:

Af'? _ f'l(rB)_ f'](rA) -1— f'](rA) -1— dtn(rA)

so that

(18.28)

z

orm g f,(r) f,(r) dt, (r) 1529
-1 x/goo(ralﬂ) ( 1 2y. GM] '
sl-—f/—= | Q=1+ xr=—""

goo(rArn) r

This is the GOR gravitational-redshift equation of the general observation agent
OA(7), which is isomorphically consistent with Einstein’s gravitational-redshift
equation (Eqg. (18.10) or Eq. (18.14)) of light.

Here, it is stressed again that the GOR gravitational-redshift equation (18.29)) is
not the gravitational-redshift equation of light, but the gravitational-redshift equation
of the information-wave and informons of the general observation agent OA(7).

Zona(y represents the gravitational redshift of the whole observation system of
OA(7): Zoap is not only the gravitational redshift of information-wave and
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informons of OA(#), but also the gravitational redshift of observational time of
OA(n), and even the gravitational redshift of the general de Broglie’s matter waves
of all matter systems; moreover, in theory, OA(7) could be any observation agent,
while 7 could be any speed of matter motion.

Equation (18.29) suggest that: for different observation systems or different
observation agents with different information-wave speeds, the observational times
of them would exhibit different degrees of gravitational dilation, the observational
frequencies of them would exhibit different degrees of gravitational redshift. In
particular, suppose that an observer in the free spacetime Sk observes the frequency
spectrum of the information waves or informons of a specific observation agent
OA(7): re—o and goo(rs)—1, then Eq. (18.29) reduces to:

1

1
z =1- =1-
OA(7) \/goo (r) \/ _2GM (18.30)
rA772
Equations (18.29) and (18.30) can be applied to calculate the gravitational
redshift Zoa(; of the information-wave spectrum of any observation agent OA(7)
(including the idealized agent OA. and the optical agent OA(c)).

For the idealized agent OA.: n—o, suppose that Te in Fig. 18.2 radiates the
information wave and informons of OA., from the point A to the point B, then:

. 1
Zop, =lIMi]l—————eeoex (=0 (18.31)
)" [1-2GM/rg

which means that there is no gravitational redshift in the observational spectrum of
the information wave and informons of the idealized agent OA.: Zoa«=0; the
observational time of the idealized agent OA., has no gravitational dilation: dt/dz=1.
This is the same as or consistent with the logical conclusion of the theorem of
Cartesian spacetime in Chapter 13.

For the optical agent OA(c): n—c, suppose that Tp in Fig. 18.2 radiates the
information wave (light) and informons (photons) of OA(c) from the point A (solar
surface: M=Ms and ra=Rs) to the point B, then:

1 GM,

L=1- ~_
OA(c) 1—2GMS/RSCZ R,C? (18.32)

where Zoa( is exactly the gravitational redshift Ze of the solar spectrum in the
Einstein’s gravitational-redshift equation (Eq. (18.1) or Eq. (18.11)).

It is thus clear that, in general, the GOR gravitational-redshift equation (18.29)
is not the gravitational-redshift equation of light or photons, but rather the
gravitational-redshift equation for the information waves and informons of the
observation agent OA(7). Only if OA(#n) is OA(c), the GOR gravitational-redshift
equation (18.29) reduces to Einstein’s gravitational-redshift equation (Eg. (18.10) or
Eq. (18.14)). At this case, Zoa(y is the gravitational redshift of light observed by the
optical agent OA(C): Ze=Zoa().
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By contrasting with the conclusion of the gravitational redshift under the optical
observation agent OA(c) in Sec. 18.2.3, one could conclude that the GOR
gravitational-redshift equation (18.29) is the gravitational-redshift model of the
general observation agent OA(7), where Zoa(; IS the gravitational redshift of the
observation agent OA(7), representing the gravitational redshift of the whole
observation system  OA(#): it is not only the gravitational redshift of the
information wave and informons of OA(#), but also the gravitational redshift of the
observational time of OA(#7), and even the gravitational redshift of the general de
Broglie’s matter waves of all matter systems.

18.4.2 The GOR Gravitational-Redshift Equation of Light

The GOR gravitational-redshift of light is the gravitational redshift of light
observed by the general observation agent OA(7), which means that: the observed
object P is light or photons, the gravitational redshift refers to the spectroscopic
redshift of light or photon in gravitational spacetime; the observation agent of
observer is the general observation agent OA(r), which may not necessarily be the
optical agent OA(c). For example, Newton’s gravitational-redshift equation (18.25)
in Sec. 18.3.2 is the theoretical model of the idealized agent OA.. observing light,
where the photons, like general matter particles in Newton’s classical mechanics, are
the observed objects of OA..

According to the theory of OR, according to Corol. 3.2 (The Observational
Ultimate Speed 77) of the theorem of the invariance of information-wave speeds in
Chapter 3, the information-wave speed 7 of the observation agent OA(7) must be
greater than or equal to the motion speed v of the observed object P. In the problem
of the gravitational redshift of light, the observed object P is light or photons with
the speed vac, so it requires that: 77>c.

In theory, we could observe and measure the gravitational redshift of light under
the observation agent OA(7) (n>c). By analogizing or following the logic of
defining Ze=AK/K. (Eq. (18.22)) and Zn=AK./K (EQ. (18.23)) in Sec. 18.3.2 based
on the energy shift AK, we can deduce the GOR gravitational-redshift equation of
light under the general observation agent OA(#) (7>c).

The Definition of the GOR Gravitational-Redshift of Light

As stated in Sec. 18.3.2, the essence of the gravitational redshift of light is the
conservation of energy and the transformation of energy forms, following the
principle of conservation of energy in physics. Under the principle of general
correspondence (GC), based on the idea of conservation of energy, by following the
logic of Eq. (18.22) and Eq. (18.23), the theory of GOR defines the gravitational
redshift of light under the general observation agent OA(7) (r7>c) as:

AK

7, AVI
Zeo =~ =" (c<neOA(n)) (18.33)

n n

where Zgor is the gravitational frequency-shift of light or photons observed with
OA(7n) (n=c) (Zcor<0 means redshift), K,, and AK,, are respectively the relativistic
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Kinetic-energy and its increment of a photon observed with OA(#) (r>c), V, and
AV, are respectively the relativistic potential-energy and its increment of a photon
observed with OA(7) (n=c).

The Energy of a Photon under the General Observation Agent OA(7)

As far as the spherically-symmetric gravitational spacetime under the general
observation agent OA(7) (7>c) is concerned, let K, and V,, be the kinetic energy
and potential energy of a photon observed with OA(7), respectively. According to
the theory of GOR, the observational kinetic-energy K, and potential-energy V,, of
the photon under the OA(#) (77>c) are:

E, =m,z7*
Ke, =(Flyo ~D)myy? = (1= 10 ) m,
V, (N =(1-r|_)mn’ (18.34)

Kn (r)= KFn _Vn (r)= mrznz _(1_F|v=o)m°772

(F:]/\/1+2;(/772 —vz/nz)

where y is the Newtonian gravitational potential, m, is the rest mass of the photon,
m,, is the relativistic mass or observational mass of the photon under OA(7), E, and
Kr, are respectively the observational total energy and kinetic-energy of the photon
under OA(7), K,(r) and V,(r) are respectively the observational kinetic-energy and
potential-energy of the photon at the distance r from the gravitational center O:
Kr=Ky () +V,(r).

It should be noted that, in Egs. (18.33) and (18.34), the observed object P is a
photon, and the speed v of it is the speed of the photon (in a weak gravitational field,
vac; specifically, if when y=0 then the photon speed is exactly the speed ¢ of light
in vacuum), while 7 (>c) is the information-wave speed of the observation agent
OA(7); E;=m,? is the OR mass-energy relation; 77=7"(r) is the GOR factor of
spacetime transformation (see Egs. (12.35) and (12.36) in Chapter 12), where 7"|,=o
denotes the inertial spacetime-transformation factor, and 7"|v=0 denotes as the
gravitational spacetime-transformation factor:

rn),.,=y\1-vi/n*
r(n) =Y+ 2z/n* =1Jo, (18.35)
(900 =1+27/n%; x=—GM/r)

where, y=0 means that the observed object is in an inertial state, and not subjected
to gravity or universal gravitation; v=0 means that the observed object P is at rest in
a gravitational spacetime.

The inertial factor 7°|,=0 of spacetime transformation involves the measurement
of the photon’s relativistic kinetic-energies Kr, and K,(r) under OA(7); the
gravitational factor 7”|y=o of spacetime transformation involves the measurement of
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the photon’s relativistic potential-energy V,(r) under OA(7).

It is worth noting that, the kinetic-energy and potential-energy (in Eq. (18.34))
observed with OA(7) not only generalizes Einstein’s relativistic kinetic-energy and
relativistic potential-energy (observed with OA(c)), but also generalizes Newton’s
classical kinetic-energy and classical potential-energy (observed with OA).

As n—c, the observation agent OA(#) is the optical agent OA(c), the photon’s
observational kinetic-energy Kg, and potential-energy V,(r) in Eq. (18.34) under
OA(n) reduce to Einstein’s relativistic Kkinetic-energy and relativistic-potential
energy under OA(c):

KF|OA(C) = !]i_r)rg(l_FAlZ:O)mq’?Z =mc? (Fﬁlll:o = «[1—02/772)

(18.36)
A

0A(c) !;I—rg (1- F|V:0)m0;72 = (l_ }/lv:O)mocz

where yis the spacetime-transformation factor of Einstein’s relativity theory (see Eqg.
(12.12) or Eq. (12.16)), m is Einstein’s relativistic mass of a photon observed with
the optical agent OA(c), and according to Einstein formula E=mc?, the relativistic
kinetic-energy of a photon in vacuum is E=mc?.

As n—oo, the observation agent OA(#) is the idealized agent OA.., the photon’s
observational kinetic-energy Kr, and potential-energy V,(r) in Eqg. (18.34) under
OA(n) reduce to Newton’s classical kinetic-energy and classical potential-energy
under the idealized agent OA.:

. . 1 1
Kelon, = ,','ﬂ(”w ~1mp* = J'm(m_lJ m,n* = Emocz

V.| =umﬁ—FM0mm2 (18.37)

OA,
. ) GMm
=lim

1 =2V -
ﬁ{km%“n = ; (x=—-GM/r)

Equations (18.36) and (18.37) confirm the logical self-consistency of the energy
formula (Eq. (18.34)) of GOR theory, and moreover, confirm the logical consistency
not only between the GOR energy formula and Einstein’s relativistic energy formula
but also between the GOR energy formula and Newton’s classical energy formula.

The Deduction of the GOR Gravitational-Redshift Equation of Light

For the gravitational redshift scene of light depicted in Fig. 18.2: AV=Vg—Va,
from Eq. (18.33) and Eq. (18.34), it follows that:
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AKn _ AVrz _ V,](I’B)—VU(I’A)__Vn(l’B)—V,](

Zoor =—— = = = )
R K K K, () Ke, =V, (1)

n n n

_ (monz/«lgoo(rB777))_(mo772/\[goo(rA’U))
Ke, = (1Y 800 (1) ) e (18.38)
Ke, = (70 ~1)mn? =(1- 77,0 ) m, 2

m,=m, 7|, (Fl,,:o =1/\/1—C2/772)

AV” :V77 (rB)_V (rA)

n

where m, is the rest mass of the photon, m,, is the observational mass of the photon
under OA(7), K, is the observational kinetic-energy of the photon in vacuum or the
free spacetime Sk under OA(7), K,(rs) is the observational Kinetic-energy of the
photon at the distance rg from the gravitational center O under OA(7), V,(ra) and
V,(rg) are respectively the observational potential-energies of the photon at the
distances ra and rg from the gravitational center O under OA(7), goo(ra,77) and
goo(re,7) are respectively the metric 00-elements of the spacetime metric g..(ra,7)
at the spatial points A and B under OA(7).
This is the GOR gravitational-redshift equation of light.

Equation (18.38) indicates that the gravitational redshift Zcor=Zcor(#) (17>c) of
light depends on the observation agent OA(7) and the information-wave speed #:
the same photon in the same gravitational scene would exhibit different degrees of
gravitation redshift under different observation agents; the higher the
information-wave speed 7 of OA(7), the more significant the relativistic
gravitational redshift of light is.

For the gravitational redshift of the solar spectrum (ra=Rs and rg=c0):
As n—¢, Ke,=mc? and Zgor(7) =—GMs/RsC?=Zk;
As n—>®0, KF”:meZ/Z and ZGOR(’?) =-2G Ms/RsCZZZN.
Therefore, due to the continuity and monotonicity of Zgor(7) (r7€[c,»)) in Eq.
(18.38), the GOR gravitational-redshift Zgor(7) of light obeys:
2GM, GM,
R R.c’

=|ZN|Z|ZGOR (77)|Z|ZE|= (18.39)

18.5 The Gravitational Redshift and Photon Mass

Besides Time, perhaps Mass is the most fundamental physical quantity.

In Newton’s classical mechanics, the mass of matter particles can be called
classical mass and denoted as m..,, which has both inertial effect and gravitational
effect; in Einstein’s relativity theory, the mass of matter particles can be called
relativistic mass and denoted as m, which includes the rest mass m, and the mass
Am dilated due to the motion (v) of matter: Am=m(v)—m,. According to the theory of
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OR, Am=Am(v) purely depends on the motion speed v of a matter particle, which
therefore is not the objective and real mass of material particles and does not have
real physical effects (including inertial effect and gravitational effect).

In Einstein’s view, photons, as a class of matter particles, seemed to possess
some particularity: we have not yet determined the classical mass or rest mass of
photons. Einstein believed that photons have no rest mass.

However, according to the theory of OR, based on Def. 1.2 in Chapter 1, the
classical mass m., and rest mass m, of matter particles are the same and equal:
m.=m,, Which is the objective and true mass of matter particles, that is, the intrinsic
mass of matter particles. As stated in Sec. 5.1.5 The Problem of Photon Rest Mass
of Chapter 5, all matter particles, including photons and even gravitons, have the rest
mass m, or classical mass m, of their own.

Now, the gravitational-redshift theory of GOR has produced a byproduct: the
theoretical value of the rest mass of photons.

18.5.1 The Classical Mass mw is exactly the Rest Mass mo

Originally, Classical Mass refers to the mass of matter in Newton’s classical
mechanics; while Rest Mass is the product of Einstein’s relativity theory.

Let m be a matter system and at the same denote the mass of it. According to the
theory of OR, the mass m=m(r) of a matter system under the general observation
agent OA(7) depends on the information-wave speed 7 of OA(7). As 71—, OA(7)
would be the idealized agent OA., and the observational (observed) mass m(r)
under OA(7) would converge to the classical mass m.. According to the IOR
mass-speed relation (Eg. (5.5) in Chapter 5), we have that:

. . . m,
m, :L@om(ﬂ)—fimr(ﬂ)mo —J]mm—mo (18.40)

Equation (18.40) suggests that the so-called rest mass m, is exactly the classical
Mass Mw: it turns out that Einstein’s rest mass M, is Newton’s classical M.

According to the theory of IOR and GOR, the intrinsic mass m of a matter
particle or a matter system is the objective and real mass, which has the objectively
inertial effect and the objectively gravitational effect: m.=mi=mg=m,. Therefore,
whether the classical mass m. of Newton’s classical mechanics or the rest mass mq
of Einstein’s relativity theory, there must lead to the effect of gravitational redshift.

If photons have the intrinsic mass of their own (no matter the classical mass m..
or the rest mass mo), then photons not only have inertial effect, but also have
gravitational effect, and the photons in gravitational spacetime must exhibit the
phenomenon of gravitational redshift.

So, do photons have the intrinsic mass of their own?
If so, how much does a photon weigh?

18.5.2 Does a Photon Has Rest Mass?
Einstein’s theory of special relativity claimed that photons have no rest mass.
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This means that photons have no classical mass, and even have no the intrinsic mass
of their own, which is contrary to human being’s simple and plain view of nature.

The readers familiar with Einstein’s theory of special relativity know that there
is a Lorentz singularity in the Lorentz transformation: as the speed v of the observed
object P reaches the speed c of light in vacuum, the Lorentz factor y would reach
infinity: »=1/N(1—v2/c?)—w. Therefore, at the Lorentz singularity, the relativistic
mass m of the observed object P would also be infinity: m=ymy=co, unless photons
have no the rest mass m, of their own: my=0.

Thus, in special relativity, Einstein had to set the rest mass m, of photons to zero.
Observations and experiments seem to be quite compatible: until today, the rest
mass of photons has not yet been detected by observation or experiment, but the
upper limit value is seemingly decreasing and tends to zero [37:82-84],

In 2014, the upper limit value of photon mass recommended by the particle data
group (PDG) was 1.5x10-%*kg [],

Actually, people have already observed the rest mass of photons, but they just
have not realized that it is the rest mass of photons. In 1919, by observing the total
solar eclipse at the island of Pr ncipe, Eddington discovered that the trajectory of the
starlight sweeping over the solar surface was curved as predicted by Einstein,
affirming that “light has weight” (as remarked in Eddington’s poem).

The theory of OR has theoretically clarified [?6-28] that photons, and even all
particles or systems of matter, have the rest mass or intrinsic mass of their own, that
is, the objective and true mass.

The theory of OR provides a detailed discussion on the issue of the rest mass of
photons [26-281 In short, photons, like all matter particles, have the rest mass of their
own. As far as the relativistic mass m and rest mass m, of photons are concerned, to
paraphrase Hawking’s words [, the Lorentz transformation and the mass-speed
relation in Einstein’s special relativity breaks down or fails at the Lorentz singularity.
Actually, whether from the view of the singularity of the mathematical model or
from the view of observations and experiments, the conclusion of photons having no
mass is only a manifestation of the observational locality (c<oo) of the optical agent
OA(c): you could not expect light or photons to act as the observation medium for
detecting the mass of photons themselves! Alternatively, the rest mass of photons
could not be measured and determined by the optical observation agent OA(c).

The theory of OR has clarified [26-28]: if we could observe photons under the
superluminal observation agent OA(#) (r>c), then we would find out that photons
have the rest mass of their own.

From to the IOR mass-speed relation (Eq. (5.5)), it follows that:

2
m,=7""(7)m=m ’1—%>0 (m=0,7>c) (18.41)

It is thus clear that: photons, and even all matter particles, have their own rest
mass mo. As clarified in Sec. 12.5 All Relativistic Effects are Observational
Effects and Apparent Phenomena of Chapter 12, the relativistic mass m depends
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on the observation agent OA(7): m=7"(n)Mo=1 Mo+ Al (7)Mo (I »=1), where only
the rest mass m, is the objective and real mass, while Am=A7"(77)m, is purely the
observational effect. Both the objectively inertial property and the objectively
gravitational property of matter particles are decided only by the rest mass mo.

Since photons have the rest mass mo, naturally, photons have classical mass m...
Thus, we can calculate the classical mass m., of the photon in Eg. (18.24) based on
Newton’s classical mechanics and Newton’s law of universal gravitation:

Ke, =m_c*/2=mc?/2
V, (r)=-GMm_ /r =—GMm, /r (m,=m,) (18.42)
K, (r)=Kg, -V, (r)=mc’/2+GMm,/r

18.5.3 How Much does a Photon Weigh?

The problem of photon rest mass is one of the major problems in physics.

Although Einstein claimed that photons have no rest mass, people, due to their
intrinsic view of nature, are subconsciously unwilling to accept the argument of
photons having no rest mass. Many physicists, including great de Broglie (323,
Schradinger 4%, and Feynman 61, devote their energy and time to exploring and
detecting the rest mass of photons.

The theory of OR has affirmed that photons have the mass of their own, that is,
the classical mass m., or the rest mass mo.

According to the theory of OR, especially based on the OR mass-speed relation
(Eg. (5.5)) and the OR mass-energy relation E=m#?, and at the same time, by
combining observations and experiments, we can infer and determine the classical
mass M., or the rest mass m, of photons.

In Planck’s experiment of blackbody radiation [*4, the cavity of blackbody
radiation is at rest relative to the laboratory and observers. In view of this, the
literature [27] ever regarded the experiment of blackbody radiation as the
experiment under the idealized observation agent OA.., and regarded the photon
energy E in Planck equation E=hf as the classical Kinetic-energy of photons:
hf=m.c?/2; accordingly, it seemed that the rest mass of photons with the frequency f
should be me=m.=2hf/c?.

However, this speculation is somewhat suspicious.

Actually, the observed object in the experiment of blackbody radiation is light or
photons, where the messenger transmitting the information of light is light itself, or,
the messengers transmitting the information of photons are photons themselves. So,
the observation agent in the experiment of blackbody radiation is the optical agent
OA(c): the information wave of OA(c) is light and the informons of OA(c) are
photons. Einstein formula E=mc?, the so-called mass-energy relation, is a formula in
Einstein’s special relativity, belonging to the optical agent OA(c). For photons, it is
widely recognized that E=mc?=hf, which suggests that both Einstein formula E=mc?
and Planck equation E=hf are the theoretical models of the optical agent OA(c).
Therefore, Planck’s photon energy E=hf under the optical agent OA(c) is not equal
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to Newton’s photon kinetic-energy K=m..c?/2 under the idealized agent OA...

The theory of OR has affirmed that a photon has the rest mass of its own:
me=m.. Therefore, according to the GOR energy formulae in Eq. (18.34), the
observational kinetic-energy K¢ and potential-energy V. of a photon under the
optical observation agent OA(c) should be:

K., =E=mc’
V(1) = limV, (1) = (1-3/ g5, () )m,¢? (18.43)
K, (r)=limK, (r)=mc? —(l—]/«/goo (r))moc2

n—c

where m and m, are respectively the relativistic mass and rest mass of the photon,
Kc(r) and V¢(r) are respectively the relativistic kinetic-energy and relativistic
potential-energy of the photon at the distance r from the gravitational center O, and
Kre=mc? is the relativistic kinetic-energy of the photon in vacuum or in the free
spacetime Sg, that is, the total energy of the photon under the optical observation
agent OA(C): Kre=E=Kc(r)+Vc(r).

For the gravitational redshift scene of light depicted in Fig. 18.2: AV=Vg—Va,
according to the GOR gravitational-redshift equation (18.38) of light, under the
optical observation agent OA(c), substituting the observational (observed) energy of
OA(c) in Eq. (18.43) into Eqg. (18.38), we have:

Z, —limz,, - AK, _ (mOCZ/\/goo(rB))—(mocz/«/goo(rA))
¢ K. mc? _(1_]7/ ,goo(rs))mocz

where K(rg) is the observational Kinetic-energy of OA(c) as the photon is at the
distance rg from the gravitational center O, V(ra) and V(rg) are respectively the
observational potential-energy of OA(c) as the photon is at the distances ra and rg
from the gravitational center O, and goo(ra) and goo(rs) are respectively the metric
00-elements of the points A and B in the gravitational spacetime of OA(c).

Suppose that observers of the free spacetime Sk observe the solar spectrum with
the optical observation agent OA(c): M=Ms, ra=Rs, and goo(ra)=1-2GM/Rsc?;
rs—o0, and goo(rs)=1-2GM/rgc®>—1. Then, Eqg. (18.44) would be reduced to:

, m,c’ —mocz/«/goo(rA) _ GM¢m,
a mc? T m

¢ R,C® m

(18.44)

(18.45)

(n()-1-

where G is the Gravitational constant, Ms is the solar mass, Rs is the solar radius,
and Ze is the gravitational redshift of the solar spectrum observed with the optical
agent OA(c), i.e., Einstein’s gravitational red shift.

Equation (18.45) is the gravitational-redshift equation of the solar spectrum
which is based on the energy-shift definition of Ze=AK/K and derived from the

2GM;
R,C’
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principle of conservation of energy; while Eq. (18.1) is the gravitational-redshift
equation of the solar spectrum which is based on the frequency-shift definition of
Ze=Af/f and derived from Einstein’s factor y=dt/dz of spacetime transformation
under the optical agent OA(c). In Eq. (18.1), the theoretical value of the
gravitational redshift of the solar spectrum is Zg=-GMs/Rsc?=-2.12x1075,
According to the work of Adam, Blamont, Roddier, and Brault et al (152154 this
theoretical value has already been verified by observations and experiments.

So, the contrasting Eq. (18.45) and Eq. (18.1), we get that:
GMg m, _GMg
Re¢> m  Ryc?

(18.46)

that is mo=m=@ (E=mc*=hf)
c

where m, is the rest mass of the photon; m and f are respectively the observational
mass and observational frequency of the photon as an informon of OA(c).

Equation (18.46) suggests that: photons do indeed have the rest mass mo; in
particular, photons with different frequencies have different rest masses.

Substituting the conclusion me=m from Eq. (18.46) into Eq. (18.44), we have:

L Wan(8)) - (Vo (R)) | au(r
) V0 (%) o )

This is exactly Einstein’s gravitational-redshift equation (Eg. (18.10) or Eq.
(18.14)) of light. Equation (18.47) not only confirms the GOR gravitational-redshift
equation (18.38) of light based on the definition Zgor=AK,/K,, of energy shift, but
also confirms Einstein’s gravitational-redshift equation (18.10) of light based on the
definition Ze=Af/f of frequency shift and the gravitational-redshift equation (18.14)
of light based on the invariance of time-frequency ratio. At the same time, it
confirms the important conclusion of photon rest mass: me=m=hf/c?.

Equations (18.46) and (18.47) mean that, whether based on the observation of
the gravitational redshift of the solar spectrum, or based on the equivalence between
the gravitational-redshift definitions of energy shift and frequency shift, the
relativistic mass or observational mass m presented by photons as informons of the
optical agent OA(c) is exactly the rest mass m, or classical mass m. of photons;
moreover, the rest mass m, of photons can be calculated from the observed
frequency f presented by photons as informons of the optical agent OA(c).

Photons with different frequencies have different masses: me=m.=m=hf/c2.

It turns out that, if the observed object P (m) is a photon, then the relativistic
mass m in Einstein formula E=mc? is exactly the rest mass m, of the photon or the
classical mass m., of the photon

In this way, we could finally understand why experimental physicists have been
working so hard to find the rest mass of photons but have found nothing. This

indeed echoes the line of a Chinese poet: They would never discern the true face of
Lushan Mountains, but only for they were in the mountains themselves.

(18.47)
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Let us leave the observational or experimental verification for the theoretical
value of photon rest mass in Eq. (18.46) to experimental physicists.

18.6 The Unity of Newton and Einstein
in the Gravitational-Redshift Theory of GOR

Einstein’s prediction of the gravitational redshift of light was based on his
equivalence principle, while Einstein’s gravitational-redshift equation of light was
derived from his theory of general relativity.

People try to derive the gravitational- redshift equation of light from Newton’s
classical mechanics and Newton’s law of universal gravitation, so as to compare and
contrast Einstein’s theory of gravitational redshift and Newton’s theory of
gravitational redshift, and then, compare and contrast Einstein’s theory of general
relativity and Newton’ theory of universal gravitation. As a result, the pseudo
Newtonian gravitational-redshift equation has been manufactured. As shown in Eq.
(18.21), the pseudo Newtonian gravitational-redshift equation (18.20) is the same as
or approximate to Einstein’s gravitational-redshift equation (18.10): as far as the
optical spectrum of the sun is concerned, the pseudo Newtonian gravitational
redshift Zpy and Einstein’s gravitational redshift Ze do not have the observational
distinguishability.

Actually, as stressed repeatedly by the theory of GOR, Einstein’s theory of
general relativity and Newton’s theory of universal gravitation belong to different
observation agents and serve different observation systems. So, they have no the
comparability of which is right and which is wrong. For the theoretical models of
different observation agents, it is natural and even inevitable that there are the
theoretical and observational differences among them; on the contrary, it is
abnormal and illogical, just as in the case of the pseudo Newtonian
gravitational-redshift equation.

The theory of GOR has deduced the real Newtonian gravitational-redshift
equation (18.25) which is completely and purely based on Newton’s classical
mechanics and Newton’s law of universal gravitation. As far as the gravitational
redshift of the solar spectrum is concerned, the real Newtonian theoretical-value Zy
(Eq. (18.26)) is twice Einstein’s theoretical-value Ne (Eq. 18.1)): Zn=2Zk.

Furthermore, the theory of GOR has derived the gravitational-redshift equation
of light for the general observation agent OA(#n) n>c), the so-called GOR
gravitational-redshift equation (18.38) of light.

The gravitational-redshift theory of GOR demonstrates the high generality and
universality of the theory of GOR.

According to Sec. 18.5 and Eqgs. (18.46-47), the relativistic mass m of photons
under the optical observation agent OA(c) is exactly the rest mass mo of photons.
Therefore, we have that:

: : -1 2
limKe, =lim(L-7",)m,;

= Iim(l—«ll— c?/n? )m,]n2 =mc® =m,c? (18.48)

n—c
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Thus, as n—c, under the optical agent OA(#), it holds true that:

limz :|im(m°772/“g°°(r5))_(m°”2/Vg°°(rA))
e TGOR = T KF;; _(1_]7/\/M) monz
_ mocz/\’ Yoo (I’B) B mocz/\/goo (rA) —1_ \/goo (rB) —7
- - e
mOCZ _(l_]/\)goo(rs))mocz gOO(rA)
This is exactly Einstein’ gravitational-redshift equation (18.10) of light.

It is thus clear that, as the observation agent OA(7) is the optical agent OA(c),
the GOR gravitational-redshift equation (18.38) of light strictly reduces to Einstein’s
the gravitational-redshift equation (18.10) of light.

Under the idealized agent OA.., photon momentum is classical momentum:

(18.49)

limK., =lim(7,. —1)mn?
n—>0

n—>0
=lim 1 -1imn’ =1moc2 (18.50)
n—0 1_ C2/772 2
Thus, as 7—o0, under the idealized agent OA.., it holds true that:

lim 7 —1im (moﬂz/\lgoo(rB))_(monz/\/goo(rA))
e e Ke, _(1_]7/\/M)m0772

(1+GM/rB772)_(1+GM/rA772)

=lim

n->® C2/2772 + GM/anz
__26Mr, (1 1), (18.51)
r,c’+2GM(r, r,

This is exactly the real Newtonian gravitational-redshift equation (18.25) of
light, i.e., Newton’s gravitational-redshift equation of light.

It is thus clear that, as the observation agent OA(#) is the idealized agent OA..,
the GOR gravitational-redshift equation (18.38) of light strictly reduces to Newton’s
gravitational-redshift equation (18.25) of light, which is really based on Newton’s
classical mechanics and Newton’s law of universal gravitation.

So, the gravitational-redshift theory of GOR has generalized and unified
Newton’s theory of gravitational redshift and Einstein’s theory of gravitational
redshift, indicating that the GOR gravitational-redshift equation of light is logically
consistent with both Einstein’s gravitational-redshift equation of light and Newton’s
gravitational-redshift equation of light. This confirms the logical self-consistency
and theoretical correctness of the GOR gravitational-redshift equation, and also,
confirm the logical rationality and theoretical correctness of the real Newtonian
gravitational-redshift equation (18.25).
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19 GOR and Gravitational Waves

Perhaps, compared with Einstein’s three major predictions, including (i) the
gravitational redshift of light, (ii) the gravitational deflection of light, and (iii) the
abnormal precession of Mercury’s perihelion, the Gravitational Wave is the most
attractive and specious prediction of Einstein’s theory of general relativity.

The theory of Gravitationally Observational Relativity (GOR) has no doubt
about the existence of gravitational waves.

Actually, in a sense, just as electromagnetic field means electromagnetic waves,
gravitational field means gravitational wave; just as electromagnetic interaction
employs photons as the mediated meson to transmit electromagnetic force,
gravitational interaction employs gravitons as the mediated meson to transmit
gravitational force.

However, this does not mean that Einstein correctly predicted gravitational
waves, nor that the Laser Interferometer Gravitational-Wave Observatory (LIGO) of
the United States really have detected gravitational waves [161.162],

As a matter fact, both Newton’s theory of universal gravitation and Einstein’s
the general relativity has no the prior information or knowledge about the speed of
radiation in their axiom systems or logical premises. As stated in Sec. 12.1.1 The
Gravitational Locality of Chapter 12, both Newton’s gravitational theory and
Einstein’s gravitational theory imply an important idealized hypothesis: gravity is
action at a distance; the speed of gravitational radiation is infinite, it takes no time
for gravity to cross space.

Newton realized that such an idealized hypothesis was not in line with the
objectively physical reality [¢3]: «, .. is to me such an absurdity that I believe no
man who has in philosophical matters any competent faculty of thinking can
ever fall into it.” Einstein also did not believe that the physical world has action at
a distance. However, with no prior information or knowledge about the speed of
gravitational radiation, Newton had to take gravity or gravitational force as action at
a distance in his law of universal gravitation. Likewise, Einstein’s theory of general
relativity also had no prior information or knowledge about the speed of
gravitational radiation. So, both Newton and Einstein failed to take into account the
locality problem of gravitational interaction in their respective gravitational theories.
According to general relativity, in the case of weak gravitational fields, Einstein’s
gravitational-field equation is reduced to the Poisson-equation form of Newton’s law
of universal gravitation. We could not imagine that the speed of gravitational
radiation would depend on the strength of gravitational fields: Is the weaker the
gravity, the faster and even infinite the speed of gravity?

Actually, as stated in Sec. 12.1 The Problem of the Locality of Gravitational
Spacetime of Chapter 12, the locality in Einstein’s theory of general relativity is
only the observational locality, not the locality of gravitational interaction.

So how did Einstein predict Gravitational Waves?
Based on his theory of general relativity, Einstein derived a wave equation, in
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which the wave function h7, is defined with the curved metric h,,, and h,,, involves
the speed c of light in vacuum and Newton’s gravitational potential y: h,~y/c?.
Accordingly, Einstein believed that h, must represent a gravitational wave, and the
gravitational wave must propagate at the speed c of light.

This is Einstein’s prediction of gravitational waves.

Einstein’s prediction of gravitational waves has two problems:

(i) Does the wave function h7, or the curved metric h,, really represent the
gravitational potential y or gravitational waves?

(if) Is the speed of gravitational radiation or gravitational wave really the speed
c of light in vacuum?

The theory of GOR will analyze Einstein’s prediction of Gravitational Waves:

to examine the true or false of Einstein’s gravitational-wave function; to examine the
true or false of LIGO’s gravitational-wave detection.

19.1 Einstein’s Prediction of Gravitational Waves

It is said that the concept of Gravitational Wave was first proposed by Einstein
and Eddington. Of course, the prediction of gravitational waves was originated from
the so-called gravitational-wave equation derived by Einstein based on his theory of
general relativity [1641655],

As for the prediction of gravitational waves, Einstein as always took the method
of weak-field approximation as the linearization method for his theory of general
relativity, by which the nonlinear gravitational-spacetime problem was simplified
into the linear problem of weak-field approximation. By following the logic of
weak-field approximation, as the metric of gravitational spacetime g..(x%c) is
approximate to the Minkowski metric 7., the nonlinear Einstein field equation is
approximate to the linear gravitational-field equation. In this way, Einstein could
deduce his gravitational-wave equation.

As stated in Sec. 13.1.2 of Chapter 13, according to the factor y (Eq. (13.16)) of
spacetime transformation in Einstein’s theory of general relativity, in order to make
the metric g..(x%c) of gravitational spacetime under optical observation
approximate the Minkowski metric 7,,: g.v(X%C)=n,., Einstein had to create the
scene of weak gravitational field: |y|<<c? and |yiv'|<<c.

In this way, the nonlinear metric g,.(x%c) of gravitational spacetime could be
linearized as the linear equation (13.1):

l7]<c®and [pv]<c:

9,0 (x¢) =1, + 1, (x"0) (.| <)

This is the condition of weak field in Einstein’s method of weak-field approximation,
where 7,,=diag(+1,-1,—1,—1) is referred to as the flat metric, and h, is referred to
as the curved metric (h.. and its derivative of each order are small quantities).

It is worth noting that the curved metric h,, in the condition of weak field was
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regarded by Einstein as the weak gravitational potential, that is, the so-called subtle
ripples rising in the (nearly) flat spacetime (g..(x% c)=n,.,) due to the perturbation
of weak gravitational radiation.

As stated in Sec. 13.1.3 The Conditions of Weak-Field Approximation of
Chapter 13, Einstein’s method of weak-field approximation has five hypothetical
conditions: (i) the weak field, (ii) the slow speed, (iii) the static field, (iv) the
spacetime orthogonality, and (v) the harmonic coordinates.

Reviewing Einstein’s logical deduction of gravitational-wave equation based on
the method of weak-field approximation will contribute to our recognition and
understanding of Einstein’s equation of gravitational waves and Einstein’s
prediction of gravitational waves, so that the theory of GOR could analogize and
follow Einstein’s logic of deducing the GOR information-wave equation. The theory
of GOR will take Einstein’s gravitational-wave equation as the analogical object of
the GOR information-wave equation.

Most of the books or literature introducing Einstein’s theory of general relativity
has the content of Einstein’s equation of gravitational waves and Einstein’s
prediction of gravitational waves. The following introduction and description about
Einstein’s equation of gravitational waves is in line with the original appearance of
Einstein’s theory of general relativity, which mainly refers to the literature of Zhao
and Liu Liao [130166] and the literature of Henry [167],

The left end of Einstein field equation (14.2) is usually defined or marked as the

tensor G, (c), i.e., the so-called Einstein tensor, and then Einstein’s field equation
can be simply written as:

G, (c)=—«.T,

v

1 872G (19.1)
[G/tv (C) = R,uv _E gva’ KE = C_4]

where R, is the Ricci tensor (i.e. the curvature of spacetime), R is the Gaussian
curvature, g, is the spacetime metric, T, is the energy-momentum tensor, and «k is
the coefficient of Einstein field equation.

According to Einstein’s logic of weak-field approximation, under the conditions
of weak-field approximation listed in Sec. 13.1.3 of Chapter 13, the Ricci tensor R,
and the Gaussian curvature R are approximated as:

R le:lh
T2 " (RoRespmR 19.2
1 ( =0y = ,uv) ( )
R ==oh
2

Define the Metric-Perturbation tensor:

. 1 —
W =M, =570 (h=hy=n"h,,) (19.3)

uv

where the tensor h7,, of metric-perturbation is defined with the curved metric h,, in
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the condition (Eqg. (13.1)) of weak field: h,, ~y.

In Einstein’s theory of general relativity, the so-called metric perturbation means
that, under the condition of weak field, g.v=7.,+h. (|h{<<1), the curved metric
h., represents the Newtonian gravitational-potential y and is a small quantity; the
Minkowski metric 7, represents the flat spacetime perturbed by a weak Newtonian
gravitational potential, rising subtle ripples.

Thus, under the conditions of weak-field approximation, the Einstein tensor
G,.v(c) can be defined with the metric-perturbation tensor h7,, and Einstein’s field
equations (19.1) can be expressed with the metric-perturbation tensor h7,:

G, = %Dh’w =—rT (19.4)

’ v

Then, the corresponding condition of harmonic coordinates is reduced to:

h™,“=0 (19.5)

According to Einstein’s theory of general relativity, the metric g, of
gravitational spacetime under the optical observation agent OA(c) depends on the
spacetime coordinate x* («=0,1,2,3) and the speed c¢ of light in vacuum;
Ouv=0uv (X%C) =g (t,X,C) (i=1,2,3), where the time axis x°=ct (t is the time
coordinate). Likewise, the curved metric h,, and the metric-perturbation tensor h7,,
as well as, the energy-momentum tensor T,,, also depend on the spacetime
coordinate x* («=0,1,2,3) and the speed c¢ of light in vacuum: h,,=h,.(t,x'c),
h=h72(t,X,c), and T,,=T . (t,X',C).

The field equation (19.4) that meets the condition of harmonic coordinates in Eq.
(19.5) has the following solution:

_lXi_X/il

3 ,X,.,C)
h™ (t,x,c)=—2E ( _C d*x’ 196
w X e) =28 [ — X (19.6)

where the integral domain is the 3d space occupied by the gravitational source, X'
(i=1,2,3) is the coordinate of the observer, and x'' (i=1,2,3) is the coordinate of
matter distribution, [x' —x"!| is the distance between the observation coordinate x' and
the coordinate x'' of gravitational matter.

Equation (19.6) is the retarded integral formula of the metric-perturbation tensor
h7., also known as the delayed solution of h7,,. Here, the so-called retard or delay
has important implications and is the manifestation of the principle of locality: it
takes time for energy or information to cross space. Therefore, for the object being
acted on, energy is only a retarded or delayed force or matter interaction; for the
object being observed, information is only a retarded or delayed physical signal.

In the solution of Einstein field equation, whether in Einstein’s approximate
solution (Eg. (15.3)) or in Schwarzschild’s exact solution (Eq. (15.7)), the curved
metric h,, is related with the Newtonian gravitational potential y: h,,~y. As Zhao
observed [661: “In essence, h7, is h,,. In Einstein’s view, the metric-perturbation
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tensor h7, is just gravitational radiation, representing the gravitational field.

Accordingly, Einstein had reason to believe: the retarded or delayed integral
formula (Eq. (19.6)) of the metric-perturbation tensor h;, meant that, at the
coordinate x' of time t, the gravitational field h-,(t,x',c) or gravitational potential
z(t,x',c) is decided by the distribution and motion of the gravitational matter (T ) at
the time t—|x'—x""|/c; it followed that, the gravitational radiation propagates at the
speed c of light in vacuum. At this point, the speed of gravitational radiation seemed
to be affirmed, but the concept of Gravitational Wave had not yet formed.

Under the conditions of weak-field approximation, the energy-momentum tensor
T,., Which serves as the gravitational source, is approximately zero: T,,~0, and thus,
the field equation (19.4) could be reduced to the form of vacuum field equation:
oh2.(c)=0. From the definition of the d> Alembert operator “o” in the optical agent
OA(c) and the definition of the Laplace operator “V?” (see Sec. 5.5 in Chapter 5 and
Eq. (5.29)), it follows that:

oh,, (c)=0 (o=08°/c’at’ -V?)

v (0)- 12 p (e)=0 (457
or W(C) c? ot? /JV(C)_

where, under the case of weak gravitational field, o~—V?2,
This is Einstein’s wave equation.
Hendry observed [1¢7]: “This is a key result.”

Equation (19.7) is the mathematical form of waves: a typical wave equation
where the metric-perturbation tensor h7, is the wave function, and the speed c of
light in vacuum is exactly the wave velocity of h7.(c). Similar to the case of
retarded or delayed integral formula (Eq. (19.6)), since the connection between
h7.(c) and the Newtonian gravitational potential y=—GM/r, according to Eq. (19.7),
Einstein took it for granted that the wave of h7.(c) represented the gravitational
wave travelling at the speed c of light in vacuum.

Thus, the concept and prediction of Gravitational Wave were born.

Later, by analogy with the quantization of electromagnetic wave, gravitational
wave is also quantized; by analogy with the photon as the mediated meson of
electromagnetic interaction, physicists have conceived the concept of Graviton, and
assume that gravitons are the mediated mesons transmitting gravitational force or
gravitational interaction. According to Einstein’s theory of special relativity, the rest
mass of a matter particle moving at the speed ¢ of light should be zero. So, the
graviton is hypothetically an elementary particle with no rest mass. At the same time,
the graviton must be a spin-2 boson for the gravitational source is the stress-energy
tensor (a second-order tensor).

However, Einstein’s theoretical prediction of gravitational waves seems to have
been wrong from the beginning.

19.2 LIGO Project: Detecting Gravitational Waves
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Based on the principle of positivism in physics, after Einstein made the
prediction of gravitational waves in theory, physics has launched a labor-intensive,
time-consuming and money-consuming campaign of detecting gravitational waves.

The gravitational wave is regarded as the last missing piece of the puzzle in the
demonstration of Einstein’s theory of general relativity.

In 2015, LIGO Scientific Collaboration announced that LIGO had detected
gravitational waves for the very first time.

In 2017, the main members of LIGO team, Weiss, Barish and Thorne, won the
Nobel Prize in Physics for detecting gravitational waves. At this point, LIGO
seemed to be brought to successful completion of verifying Einstein’s prediction of
gravitational waves. Therefore, the sacred and inviolable status of Einstein’s theory
of general relativity and even the whole theoretical system of Einstein’s theory of
relativity was further consolidated.

Reviewing the history of gravitational-wave detection and reexamining LIGO’s
project of detecting gravitational waves will contribute to our recognition and
understanding of LIGO’s principle and scheme of gravitational-wave detection as
well as LIGO’s conclusion of gravitational-wave detection. In this way, the theory
of GOR will reveal the true or false of LIGO’s gravitational waves.

19.2.1 The Early Phase:
the Principle Scheme of Gravitational-Wave Detection

Originally, detecting gravitational waves seems to be extremely easy.

We are detecting and utilizing gravitational waves every day. Electromagnetic
field means electromagnetic radiation, which is also known as electromagnetic
waves; gravitational field means gravitational radiation, which is now known as
gravitational wave. According to the retarded integral formula (19.6) and wave
equation (19.7) of the metric-perturbation tensor h7,(c), gravitational radiation or
gravitational wave is produced by the energy-momentum tensor T,,: matter or
energy must radiate gravity or gravitational waves. The distribution of the earth’s
matter leads to form a nearly spherically-symmetric gravitational field. All matter
objects on the surface of the earth are affected by gravity or gravitational waves of
the earth, exhibiting the corresponding gravitational effects. As we weigh an apple
with a scale, we are detecting the gravity radiated by the earth. In this way, we could
claim: “We have detected the gravitational wave from the earth!” It is more realistic
than the gravitational waves detected by LIGO.

However, detecting gravitational waves also seems to be extremely difficult.

Compared with the observers of the earth, such as LIGO, the gravitational field
of the earth seems to be too quiet and lack flows or ripples. The gravitational
radiation or gravitational wave of the earth acting on the apple is invisible and
intangible, which is difficult to image or directly detect. Perhaps, fast-moving dense
stars or black holes could produce the gravitational radiation or gravitational wave
extremely strong enough to perturb or disturb the quiet gravitational field of the
earth. Thus, we could devise ways to detect the gravitational radiation or
gravitational wave from outer space.
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(a) A scale for weighing (b) Pirani’s principle scheme
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Figure 19.1 The Principle Scheme of Gravitational-Wave Deflection. (a) A scale for weighing
gravitational waves: Perhaps, by making use of a scale, you could weigh gravitational waves just
like your weighing an apple. (b) Pirani’s principle scheme: Based on Einstein’s theory of general
relativity, Pirani proved that gravitational wave could shrink and stretch space; therefore, as long
as you have an optical rangefinder, you could measure the shrinking and stretching of Pirani
length, and in this way, you could detect gravitational waves. (c) Weber bar: Inspired by Pirani’s
theory, Weber made the so-called Weber bar, an antenna for detecting gravitational waves; Weber
believed that the shrinking or stretching of space would shrink or stretch the Weber bar, which
could be detected by the piezoelectric sensors around the Weber bar and converted into electrical
signals, so that you could detect and discover gravitational waves.

As depicted in Fig. 19.1(a), put an apple at one end of the balance scale and the
balance weight with the mass equal to the apple at the other end of the scale. Then,
in the nearly static gravitational field of the earth, the scale keeps balance. To
improve resolution and sensitivity, it is assumed that the arms of the scale are long
enough. If the gravitational radiation or gravitational wave from outer space swept
past the apple from top to bottom, then the weight of the apple must be changed
slightly, and the scale would lose its balance, and even exhibit vibrations. In this
way, one could observe and detect the waves of gravitational radiation that is,
gravitational waves.

It is a good idea to make use of a balance scale to weigh gravitational wave —
Russian scientist Mikhail Lomonosov ever made use of a balance scale to weigh the
law of conservation of matter. However, experimental physicists would think it
foolish to use a balance scale to weigh gravitational waves: the gravitational
interaction between matter is too weak, only the 1/10% of electromagnetic force;
even though there are extremely strong gravitational-radiation sources in outer space,
due to the distance far from the earth and the law of inverse square, they could have
minimal perturbations on the apple on the scale. So, it would be impossible to weigh
gravitational radiation or gravitational wave with a scale.

However, LIGO’s Gravitational-Wave Observatory is exactly a balance scale.
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Einstein’s specious gravitation waves has exacerbated the complexity of
detecting gravitational waves. Since the establishment of Einstein’s theory of
general relativity and the birth of the prediction of gravitational waves in 1916 168,
physicists had not put forward a specific scheme for detecting gravitational waves in
over 30 years. Until 1955, British physicist Pirani proposed 1681 that the detection of
gravitational radiation or gravitational wave should be based on Riemann tensor:
although it is difficult to detect gravitational waves with a single test object (such as
an apple on a balance scale as shown in Fig. 19.1(a)), gravitational radiation or
gravitational wave might be detected or discovered by observing the change of the
spatial distance between the two small-mass objects as depicted in Fig. 19.1(b) (the
interaction between them might be negligible). Based on Einstein’s theory of general
relativity, Pirani proved that the spatial distance between two objects would change
as gravitational radiation or gravitational wave was sweeping past: the waves of
gravitational radiation in different directions would lead to either expansion or
contraction of the spatial distance.

It should be pointed out that, until today, Pirani’s scheme has still been the
principle scheme of gravitational-wave detection system, and is even being adopted
by LIGO’s detection system.

Inspired by Pirani’s idea and scheme of detecting gravitational waves, Weber of
the University of Maryland in the United States carried out the actual detection of
gravitational waves [, Weber designed and made the so-called gravitational-wave
antenna for detecting gravitational waves, which was later known as resonant bar
detector, or Weber bar. A Weber bar is a solid cylinder made from aluminum,
about 1 to 2 m in length and 0.2 to 1 m in diameter. According to Pirani’s theory,
Weber believes that, as depicted in Fig. 19.1(c), as gravitational radiation or
gravitational wave disturbed the gravitational-wave antenna, the Weber bar would
shrink or stretch along the lengthwise direction of its own; as the gravitational wave
frequency is consistent with the resonant frequency of the Weber bar, such shrinking
or stretching effect could be detected by the piezoelectric sensors around the Weber
bar and converted into electrical signals. After being amplified by an electronic
amplifier, the images of gravitational wave could be displayed on the oscilloscope.

It should be pointed out that, there was the difference between Weber’s view of
gravitational-wave detection and Pirani’s.

According to Einstein’s theory of general relativity ©, gravitational spacetime
would shrink or stretch: space might shrink or stretch; time might also shrink or
stretch, and the shrinking or stretching of time likely meant the change of motion
speed or direction of matter (including light or photons) in gravitational spacetime.
Pirani believed that [*68] gravitational radiation or gravitational wave would lead to
the shrinking or stretching of space; Weber believed that [16°, gravitational radiation
or gravitational wave would lead to the shrinking or stretching of material objects.
Of course, you can think that the shrinking or stretching of space is equivalent to the
shrinking or stretching of material objects: space shrinking (stretching) shrinks
(stretches) material objects. That was exactly what Weber thought.

In 1968, Weber announced that his Weber bar had detected gravitational wave
[170171] 'However, many later repeated experiments with copied Weber bar failed to
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detect gravitational waves. The final conclusion was that the sensitivity of Weber
bars was not high enough to detect the gravitational radiation or gravitational wave
that Weber claimed to have detected.

Weber bars were too short and not easy to lengthen, and therefore, the shrinking
and stretching effects were extremely limited, which was the fatal disadvantage of
Weber’s resonant bar detectors.

19.2.2 Binary Pulsars and Gravitational Waves

The development of radio astronomy has broadened the horizon of human
beings, which has extended the electromagnetic-wave spectrum of human perceiving
the objective world from the frequency band of visible light to almost the whole
band of electromagnetic waves. The four major discoveries of astronomy in the 20®
century: quasars, pulsars, interstellar molecules, and the cosmic microwave
background radiation, are exactly the achievements of radio astronomy.

However, unlike optical astronomy that employs eyes to see or observe visually,
radio astronomy relies half on listening and half on guessing, which is often
specious, and makes one half believe and half doubt.

From Little Green Men to Pulsars

To detect gravitational waves, we must have massive compact stars acting as the
radiation source of gravitational waves.

In 1967, Jocelyn Bell, a PhD student in the Cavendish Laboratory of the
University of Cambridge in the United Kindom employed a radio telescope to have
observed a star in the constellation Vulpecula that continuously emitted periodic
electromagnetic-pulse signals, once every 1.33 s 1721, After calculation and analysis,
Bell and her supervisor, Antony Hewish, decided that it is an unknown celestial
body, and named it Pulsar 1”31, In this way, Bell and Hewish discovered the first
pulsar: PSR1919+21. In 1974, Hewish became the first astronomer to win the Nobel
Prize in Physics for discovering pulsars [174],

Astronomers believe that, a pulsar is a highly magnetized and rotating neutron
star that emits a beam of electromagnetic radiation, whose mass is enormous, second
only to a back hole. Thus, pulsars are imagined as the ideal source of gravitational
waves for testing and verifying Einstein’s prediction.

However, it is still worth thinking about: Do pulsars really exist?

Both optical telescopes and radio telescopes can not directly and visually
identify whether a star is a neutron star, let alone to identify its rotating at a high
speed. Astronomers can only guess what the periodic electromagnetic-pulse signals
detected by radio telescopes represent. However, such kind of guesswork is difficult
to be verified and seems to only stay at the level of guesswork, which can only be
indirectly verified by the matching of the observational data and the mathematical
model of pulsars.

The universe is vast and complex with all kinds of possibilities.

At the beginning, astronomers even believed that those electromagnetic pulses
were the signals sent by aliens to the earth, and therefore, the PSR1919+21 was
nicknamed LGM-1 (for Little Green Men).
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Before the PSR1919+21, Neutron stars were just a class of hypothetical celestial
bodies, which existed in the form of mathematical model in the computer database.
After the PSR1919+21, the calculation of computer simulation showed that the host
of the periodic electromagnetic-pulse signals conforms to the hypothetical neutron
star, which is small in size, high in density, large in mass, and rotates at a high speed.
Thus, pulsars become the product of the hypothesis of neutron stars, in turn, become
the evidence of the hypothesis of neutron stars. The hypothesis of pulsars and the
hypothesis of neutron stars constitute circular reasoning that seems to be quite
suspicious logically.

In any case, pulsars, or neutron stars rotating as high speeds, provide an option
for interpreting the periodic electromagnetic-pulse signals detected by radio
telescopes. It is said that the observatories around the world have already found
more than 2000 pulsars. In 2016, China built the world’s largest radio telescope: the
Five-hundred-meter Aperture Spherical radio Telescope (FAST). It is reported that
FAST has already found over 800 pulsars up to Jul, 2023. Perhaps, more strictly,
FAST has detected more than 800 periodic Electromagnetic-pulse signals, not
necessarily neutron stars or pulsars.

From Pulsars to Binary Pulsars

A Binary Pulsar is a binary-star system: a pulsar with a binary companion,
often a white dwarf or neutron star, or even another pulsar. A binary-star system
with two pulsars is referred to as a Double Pulsar.

In 1974, the year when Bell’s supervisor Hewish won the Nobel Prize in physics,
Hulse, a PhD student at the University of Massachusetts in the United States, was
assigned by his supervisor Taylor to participate in the pulsar detection at Arecibo
Observatory in Puerto Rico, where there was the radio telescope with the largest
aperture (305 m) in the world at that time. One day, Hulse detected a weak periodic
electromagnetic-pulse signal. It was certain that a new pulsar had been discovered.

However, unlike the general pulsars, the pulse period of this pulsar presented
periodic variation. Hulse conjectured that this might be because the pulsar was
moving around a companion star to have formed Doppler effect. Hulse reported his
findings and conjecture to his supervisor Taylor. So, Taylor flew to Arecibo
observatory, and together with Hulse, built the mathematical model of the binary
pulsar, it was calculated that [*": the period of the pulsar’s orbit around the
companion star was about 7.75 hours, the maximum speed of the pulsar was about
300 km/s, the average speed of the companion star was about 200 km/s, and the
average distance between the pulsar and the companion star was equivalent to the
solar radius. In this way, Hulse and Taylor discovered the first case of binary pulsars
[176]: PSR1913+16.

At first, Bell and Hewish speculated that the periodic pulse signal they detected
came from a rotating celestial body or star. Now, Hulse and Taylor speculated that
the periodic variation of the pulse period was due to the revolution of a pulsar
around a companion star, which had the similar logic to Bell and Hewish’s.

Later on, according to Einstein’s theory of general relativity 77-179 it was
asserted that, in theory, a binary pulsar would lose its energy due to gravitational
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radiation, and therefore, the PSR1913+16’s orbit would gradually precess, and the
orbital semi-major axis and pulse period of it would be gradually shortened. Thus,
professor Taylor has been continuously observing PSR1913+16 for decades 8%, |t
is said that the observed values are consistent exactly with the theoretical values,
with the difference of only 0.4%. It seems that Hulse and Taylor not only discovered
binary pulsars, but also indirectly verified the existence of gravitational waves
[181.182] Everything seems to be developing in the direction of supporting Einstein’s
theory of general relativity and Einstein’s prediction of gravitational waves.

In 1993, Hulse and Taylor won the Nobel Prize in Physics for PSR1913+16.

It is reported that the observatories around the world have already detected more
than 150 cases of binary pulsars so far: the PSR1913+16 is the first case and has
been continuously observing for decades 8%, Some believe that the PSR1913+16
provides the most accurate test for Einstein’s theory of general relativity so far.

Likewise, it is still worth thinking about: Do binary pulsars really exist?

Just as both neutron stars and pulsars are only conjectures in essence, binary
pulsars are also a sort of conjecture in essence. Whether with optical telescopes or
with radio telescopes, it is impossible to visually identify a binary pulsar. Hulse and
Taylor could only guess why the pulse period of PSR1913+16 changed periodically.
No matter how well the observed data of PSR1913+16 matches the mathematical
model, it does not mean that binary pulsars really exist. Actually, according to the
theory of GOR, it is the exact match between the observed data of PSR1913+16
and the theoretical values of mathematical model that shows the PSR1913+16 as a
binary pulsar has many doubts about the precession of its orbit, the shortening of its
semi-major axis, and the periodic variation of its pulse period.

Of course, in any case, binary pulsars provide an option for interpreting the
periodic variation of the PSR1913+16’s pulse period.

19.2.3 LIGO Detector and the Principle of Detection

LIGO, the Laser Interferometer Gravitational-Wave Observatory of the United
States, has the mission of detecting gravitational radiation or gravitational wave,
intended to verify Einstein’s prediction of gravitational waves.

The prototype of LIGO is made by professor Rainer Wesis at the Massachusetts
Institute of Technology in the United States.

In the 1970s, Wesis developed a laser interferometry to detect gravitational
waves. Actually, Weiss and LIGQO’s detectors are similar to the Michelson
Interferometer that was used in the Michelson-Morley experiment to detect ether in
1887 2. Although Michelson and Morley did not find the so-called ether, the
Michelson-Morley experiment led to the establishment of the principle of the
invariance of light speed, and finally, led to the establishment of Einstein’s theory of
relativity, including the special and the general.

The basic structure of LIGO detection system is depicted in Fig. 19.2(a), where
the basic principle of detecting gravitational waves was originated from Pirani’s idea
and scheme [1%1: according to Einstein’s theory of general relativity, Pirani believed
that gravitational radiation or gravitational wave would shrink and stretch space, and
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therefore, testing the shrinking and stretching of the spatial distance between two
objects (test masses) could detect and discover the gravitational radiation or
gravitational wave sweeping past the test objects.
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Figure 19.2 The Principle and Structure of LIGO Detector. (a) LIGO Detection System: (i)
The laser source LS emits monochromatic laser with stable frequency; (ii) The beam splitter BS
divides the laser into two beams, one entering the arm-X and the other entering the arm-Y’; (iii)
Each laser arm is 4000m long and has two test-mass bodies respectively placed at the both ends;
(iv) There is the Fabry-Pérot cavity between the two test-mass bodies of each laser arm; (v) The
two laser beams move back and forth repeatedly in the respective Fabry-Pérot cavity, so that the
equivalent length of the laser arms could reach 1.12x10°m; (vi) Then, the two laser beams in the
arm-X and arm-Y return to the beam splitter BS to form interference; (vii) The photodetector PD
records and reports the interference effects. (b) LIGO Trilateration: LIGO has set up two base
stations in USA, one is the LIGO Livingston and the other is the LIGO Hanford, so that LIGO

could locate the source of gravitational waves based on trilateration method and then
determine the speed of gravitational waves.

Actually, the basic principle of Weber’s detection system, the Weber bar, was
also originated from Pirani’s idea and scheme. However, Weber bars were too short,
and the physical effect of shrinking and stretching of space was extremely limited.
So, it was very difficult for Weber bars to sense or detect the gravitational radiation
or gravitational wave sweeping past Weber bars.

In structure, as depicted in Fig. 19.2(a), the LIGO detector imitates the
Michelson interferometer: it has two perpendicular laser arms (X and Y), each of
which has two test-mass bodies 4000 m apart from; a beam of laser moves back and
forth repeatedly in the Fabry-Pé&ot Cavity between the two test-mass bodies, with
the equivalent arm-length of 1.12x10°% m, which is 5x10° times that of Weber bar. So,
the sensitivity of LIGO detector to detect gravitational radiation and gravitational
wave is unmatched by Weber’s resonant bar detectors.

In working process, as depicted in Fig. 19.2(a), the LIGO detector also imitates
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the Michelson interferometer: the laser source LS emits a beam of monochromatic
laser with stable frequency, which is divided by the beam splitter BS into two beams
of the same intensity, one enters the arm-X and the other enters the arm-Y; after
traveling 1.12x10® m in their respective Fabry-Pé&ot Cavity, the two laser beams
return to the beam splitter BS to converge and form interference, either constructive
interference or destructive interference, and the effect of laser interference will be
recorded by the photodetector PD. According to Einstein’s theory of general
relativity, if gravitational radiation or gravitational wave sweeps past the LIGO
detector, then one of the laser arm X or Y will shrink and the other with stretch,
which makes the two laser beams exhibit an optical-path difference, and thus, the
interference fringes will display on the screen.

In this way, the LIGO detector or detection system will record the relevant
information about gravitational radiation or gravitational wave.

In 1991, the Massachusetts Institute of Technology and the California Institute
of Technology, with the support of the National Science Foundation of the United
States, officially started the joint construction of LIGO detection system. In order to
improve the reliability of gravitational-wave detection, LIGO has built two base
stations to detect gravitational radiation or gravitational wave: one is the LIGO
Livingston, located in Livingston, Louisiana, USA, the other is the LIGO Hanford,
located in Hanford, Washington, USA, with the distance of about 3002 km
(equivalent to the optical path of about 10ms). Actually, as depicted in Fig 19.2(b),
the real intention of LIGO to build the two base stations of gravitational-wave
detection is to locate the source of gravitational waves based on trilateration method
and then determine the speed of gravitational waves.

LIGO detection system was completed at the end of 1999. Perhaps because
LIGO detection system after completion had failed to detect gravitational waves,
LIGO detection system was upgraded from 2005 to 2007. The upgraded LIGO is
called the Advanced LIGO, or aLIGO.

LIGO has gradually developed into an international scientific commonwealth
for detecting gravitational waves: LIGO Scientific Collaboration (LSC). To
accurately locate the gravitational wave source, at least three base stations of
gravitational-wave detection have to be built on the earth surface. In 2007, the Virgo
base station established by the European Gravitational Observatory (EGO) and the
two base stations of LIGO began to be put into grid-connected operation. At the
same time, all observatories around the world, including the optical and the radio,
have participated in LIGO’s gravitational-wave detection, that is, the so-called
omni-directional and multi messenger detection of gravitational waves.

19.2.4 LIGO’s Detection Targets

Naturally, detecting gravitational waves needs the source of gravitational
radiation or gravitational wave to be the detection target.

We do not need to prove the existence of gravitational radiation or gravitational
wave. The sea is a natural gravitational-wave observatory. As a gravitational-wave
observatory, the sea’s detection targets are the matter systems which are massive
enough to radiate sufficiently strong gravitational waves, such as the moon and the
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sun. The tides of the sea have already told us that all celestial bodies, including stars,
planets and satellites, are radiating gravity or gravitational waves.

According to Newton’s law of universal gravitation, all matter bodies attract
each other: any matter body, such as the sun, the earth, the moon, an apple, or even a
photon, is the source of gravitational radiation or gravitational wave.

The mass of an apple is small and cannot be compared to a massive celestial
object. However, an apple can be unlimitedly close to the LIGO detector.

Theoretically, according to the law of inverse square, if an apple is sufficiently
close to the LIGO detector, then the intensity of gravitational radiation or
gravitational wave of it would be fully amplified, and thus, the LIGO detector would
be able to detect the gravitational wave radiated by the apple. For the LIGO detector,
the mass of apples may be too small, which might be replaced by a train. Suppose
that a train is traveling closely against one of the LIGO laser arms, then the
gravitational wave radiated by the train might be strong enough to perturb or disturb
the spacetime around LIGO. So, could LIGO detect the gravitational radiation or
gravitational wave emitted by the train?

All in all, there are so many gravitational-wave sources on the earth’s surface for
LIGO to test or detect. However, LIGO seeks far and neglects what lies close at
hand: It has been doing its best to detect the gravitational radiation or gravitational
wave from the distance stars in outer space. So, what kind of stars are suitable for
LIGO detector to employ as its detection targets?

Naturally, LIGO must have made a lot of calculations on candidate targets.
Let us identify them one by one together with LIGO.

The first is the earth. Any matter system has the gravitational field of its own
which radiates gravity or gravitational waves. Naturally, the earth is no exception:
all matter objects on the earth’s surface, including LIGO, are affected by the gravity
or gravitational waves of the earth. LIGO detector is located on the earth’s surface,
in the gravitational field of the earth. So, why could not the earth’s gravitational
radiation or gravitational wave trigger the LIGO detector? The earth’s gravitational
field is approximate to a static spherically-symmetric gravitational field, which is
approximately uniform, symmetrical, and equipotential everywhere on the earth’s
surface. As far as the spacetime around LIGO is concerned, the gravitational field of
the earth is stationary or static. Therefore, if there is no the invasion of external
gravitational radiation or gravitational wave, then there will be no the optical path
difference between the two laser beams in the laser arms X and Y of the LIGO
detection system, and thus, no interference fringe will be recorded by the
photodetector PD of the LIGO laser interferometer. So, the gravitational radiation of
or gravitational wave of the earth cannot trigger the LIGO detector.

The second is the moon, the celestial body closest to the earth. The mass of the
moon is far greater than that of apples and trains. The moon’s gravitational radiation
or gravitational wave can trigger the tides of the sea. However, although the moon’s
gravitational field sweeps past and past the LIGO detection system, LIGO has not
detected the gravitational radiation or gravitational wave of the moon. It seems that
the strength of the gravitational field of the moon at a distance of 3.844x10° km
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meters apart from the earth is not enough to trigger the LIGO detector. Admittedly,
compared to the apple and the train, the moon is too far from the earth.

The third is the sun, the fixed star closest to the earth. The mass of the sun is far
greater than that of the moon, and therefore, the sun can radiate the gravity or
gravitational waves that is far stronger than that of the moon and can also trigger the
tides of the sea. However, the distance between the sun and the earth is much greater
than the distance between the moon and the earth, and therefore, for the earth’s
oceans, the tidal force of the sun is only half that of the moon. So, compared to the
moon, the sun is even less likely to trigger the LIGO detector.

The remaining candidates can only be the stars deep in outer space, which are
far from the earth and must have far greater mass than the sun.

Perhaps, pulsars can be the detection targets of LIGO or the candidates of
gravitational-wave sources. Pulsars are neutron stars with high density, large mass,
and high-speed rotation. Theoretically, pulsars could radiate high-energy
gravitational waves. However, pulsars seem to fail the test of LIGO candidate
detection-targets. So, what about binary pulsars and double pulsars? Actually,
pulsars, no matter binary pulsars or double pulsars, are too far away from the earth,
the intensity of their gravitational radiation decays with distance according to the
law of inverse square, and hence, it is impossible for them to trigger the LITO
detector on the earth. As a matter of fact, even the gravitational field of black holes
cannot trigger the LIGO detector on the earth’s surface.

In addition to the factors of distance and mass, like the gravitational fields of the
moon and the sun, relative to the earth or the LIGO detector, the gravitational fields
of neutron stars and black holes are stationary and static: too calm or too quiet, it is
also difficult for them to trigger the LIGO detector. Unless, as some astronomers
have envisioned 1771791 two stars merge or coalesce to violently erupt matter and
energy in the forms of gravitational radiation or gravitational wave.

Taylor’s continuous observation of the Hulse-Taylor binary pulsar and the
computer simulation show that 8% the orbital period of PSR1913+16 around the
companion star is reduced by 76.5us per year, and the semi-major axis of elliptical
orbit is shortened by 3.5 m per year, indicating that the Hulse-Taylor binary pulsar
will eventually merge or coalesce. LIGO must have established a lot of dynamical
models of binary stars based on Einstein’s theory of general relativity, and must
have simulated the evolution of binary-star systems by means of supercomputers
[183-186] which involves a new technology of computer application: Numerical
Relativity. The so-called numerical relativity, based on Einstein’s theory of
relativity (including the special and the general), makes use of the numerical
simulation on computer to deduce the motion of celestial bodies, for example, the
merging or coalescing of binary stars. LIGO’s computer simulations based on
numerical relativity show that: as it merges or coalesces, a binary-star system,
especially a double-blackhole system, would emit high-energy gravitational waves
that could be strong enough to trigger the LIGO detector.

So, the LIGO team targeted the detection target of LIGO detector towards
binary-star systems, especially double-blackhole systems, looking forward to their
merging and violently erupting.
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However, the problem is that:
(i) Are there really binary-blackhole systems in the universe?

(if) Even if there are binary-blackhole systems in the universe, even if a
binary-blackhole system would merge or coalesce on day, could the erupted
matter or mass really be all transformed into the energy of gravitational
radiation? Could the erupted gravitational wave really trigger the LIGO
detector on the distant earth?

Relevant issues will be discussed in Sec.19.4.

19.2.5 LIGO Discovers Gravitational Waves

On Feb 11, 2016, LIGO officially announced that: at 5:51 (EST) on Sep 14,
2015, LIGO detected a gravitational-wave signal for the first time erupted by a
binary-blackhole system during its merging or coalescing, which was named the
GW150914 [261],

It is worth noting that, from the discovery of GW150914 by LIGO detector to
the official announcement of this discovery, LIGO had experienced 150 days of
silence. So, what was LIGO doing during those 150 days? Of course, LIGO was
contemplating and guessing: what did the signal from the LIGO photodetector PD
mean? LIGO needed time to identify the GW150914, and needed time to locate the
signal source of the GW150914. So, how did LIGO affirm that the GW150914 was
a gravitational wave, and how did LIGO affirm that the GW150914 erupted from a
binary-blackhole system during its merging or coalescing?

The announcement of discovering GW150914 has drawn some questioning
voices. There are extreme views that [187-189]: jt is impossible for LIGO to detect the
real gravitational wave, the GW150914 is just the noise that appears on the LIGO
laser interferometer. The reason for questioning is not necessarily be sufficient, but
listen to both sides and you will be enlightened. Whether the GW150914 does
represent the gravitational wave is indeed worth discussing. At least, we should not
aim it at the merging or coalescing of a binary-blackhole system from the beginning.

Optical telescopes represent optical astronomy, and radio telescopes represent
radio astronomy. Now, some astronomers believe that LIGO detector has opened
gravitational wave astronomy 2. Of course, like radio astronomy, gravitational
wave astronomy could not intuitively observe celestial phenomena, or visually see
celestial bodies or stars with eyes like optical astronomy.

Therefore, as depicted in Fig. 19.3, LIGO’s gravitational-wave detection has to
rely half on listening and half on guessing.

It could be affirmed that the twin detection systems, the LIGO Livingston and
the LIGO Hanford, did hear the chirp from outer space at 9:50 (UTC) on Sep 14,
2015 [190.191: GW150914. That should not be any noise: the probability of the same
noise appearing successively in two detectors is extremely low.
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(a) The first half: LIGO's listening (b) The second half: LIGO'’s guessing
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Figure 19.3 GW150914: Half Listening and Half Guessing. (a) The First Half: LIGO’s
listening, i.e., all the objective and real observation data that LIGO can provide — (al) the
observation data of LIGO Hanford; (a2) the observation data of LIGO Livingston. (b) The Second
Half: LIGO’s guessing, i.e., to locate the signal source of GW150914 based on LIGO’s listening,
to build the coalescing model of binary-blackhole systems based on Einstein’s theory of general
relativity, and to match the GW150914 with the appropriate model by computer simulation — (b1)
the computer simulation based on the data of LIGO’s Hanford; (b2) the computer simulation
based on the data of LIGO Livingston; (b3) GW150914’s tag: GW150914 had successfully been
matched with a coalescing mode of binary-blackhole system located at about 1.3 billion
light-years away from the earth. It is the basis for LIGO's conclusion that the observation data of
LIGO is in good agreement with computer simulation. As a matter of fact, no matter how close
the observation data is to the model or computer simulation, the conclusion might be specious:
One false step will make a great difference.

Figure 19.3(a) is the first half of LIGO detection: LIGO”’s listening.

The data and curves in Fig. 19.3(a) are the chirp of the gravitational wave
GW150914 heard by LIGO detector [1921%1 where the horizontal axis represents
time, and the vertical axis represents the vibration amplitude of gravitational wave:
the strain of space distance distortion; the peak value of the strain of gravitational
wave is 1x1072L. Figure 19.3(al) shows the strain curve of gravitational wave
recorded by LIGO Hanford; figure 19.3(a2) shows the strain curve of gravitational
wave recorded by LIGO Livingston.

The data and curves in Fig. 19.3(a) are relatively objective and real observation
values of LIGO detector, and in a sense, they are the total of the empirical evidences
of GW150914 that LIGO can provide.

The signal detected by LIGO Hanford is 7ms later than that detected by LIGO
Livingston. LIGO believes that this is in line with Einstein’s prediction that
gravitational waves propagate at the speed of light.

However, LIGO still lacks sufficient empirical evidences to affirm that the
GW150914 is a gravitational wave, and at the same time, still lacks sufficient
empirical evidences to identify which bird chirped and where the bird chirped.
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So, in addition to listening, LIGO has to rely on guessing.
Figure 19.3(b) is the second half of LIGO detection: LIGO’s guessing.

Human beings have too many unknowns about the universe. In such a world of
infinite possibilities, GW150914 means infinite options. However, LIGO aimed the
GW150914 at a gravitational wave from the beginning, and envisioned it erupted
from a binary-stars system, especially a binary-blackhole system due to its merging
or coalescing 1831861, |L1GO spent 150 days to guess what GW150914 meant: based
on the dynamical model of binary-star systems that derived from Einstein’s theory
of general relativity %4191 started up the supercomputer of LIGO to carry out the
numerical simulation on binary-star systems, and expected the GW50914 to be
matched with a certain binary-star model.

This is much like a ring toss game on the streets: the GW150914 is the ring, and
the countless binary-star modes in the computer database of LIGO are the dolls.

Table 19.1 The Binary-Blackhole Coalescing Mode
Matched with GW150914 [192193]

Physical Quantity Guess Value Uppirrtcl)_rimit LowEerrr-cl)_rimit
Primary black hole mass 36.2 sun +5.2 -3.8
Secondary black hole mass 29.1sun +3.7 -4.4
Final black hole mass 62.3 sun +3.7 -3.1
Final black hole spin 0.68 +0.05 —-0.06
Luminosity distance 420 Mpc +150 -180
Source redshift z 0.09 +0.03 -0.04
Energy radiated 3.0sun +0.5 -0.5

where sun is the unit of one solar mass, and Mpc is the unit of luminosity distance.

Notes: (i) Both the primary and secondary stars are black holes. (ii) Luminosity distance:
calculate the distance of a matter object based on the law of inverse square and the
observed luminous flux and intrinsic luminosity, which needs relativistic correction due to
the redshift of light required; this means that LIGO relies on the optical agent OA(c) to
calculate the distance of gravitational-wave sources. (iii) The radiated energy of the
merging or coalescing of binary-blackhole systems takes the unit of mass, which means
that LIGO applies Einstein formula E=mc? to calculate the energy of gravitational wave;
actually, the theory of OR has already clarified that the energy of matter cannot be simply
converted by the mass m and the light speed c, just as the nuclear energy released by an
atomic bomb is the release of atomic bound energy, rather than the conversion of atomic
mass. (iv) It should be pointed out that even if a merging or coalescing event of
binary-blackhole system really occurs, the eruption of its mass and energy could take
various forms, including electromagnetic radiation, strong radiation and weak radiation,
and even pure matter ejection, rather than just gravitational radiation or in the form of
gravitational waves; in particular, the energy of gravitational radiation energy or
gravitational waves might be only a tiny part of it.
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As a matter of fact, before the GW150914 was detected, LIGO had already
prepared and stored countless binary-star dolls in the computer database of its own:
there must be one suitable for the GW150914. In the end, the GW150914 fell over a
coalescing model of binary-blackhole system, which consisted of two blackholes,
with the total mass of 67sun, located 1.3 billion light years away from the earth (as
depicted in Fig. 19.3(b)).

As shown in Tab. 19.1, according to the coalescing model of binary-blackhole
system matched with GW150914, the signal GW150914 detected by LIGO detector
originated from an event of binary-blackhole coalescing, 1.3_9557% (0.75-1.9)
billion light-years away from the earth, in which the primary star has the mass of
36.2sun, the secondary star has the mass of 29.1sun, the merged black hole has the
mass of 62.3sun, and the erupted energy is about 3.0sun. As depicted in Fig. 19.3(b),
the expected strain curves could be calculated by computer simulation based on
numerical relativity [192191 | 1GO believes that the expected strain curves predicted
by the coalescing models of binary-blackhole system are in good agreement with the
strain curves of GW150914 recorded by LIGO Livingston and LIGO Hanford.
However, we are not very clear about the criteria for such agreement. Actually, no
matter how close the observational data is to the model or computer simulation, the
conclusion might be specious: One false step will make a great difference.

After the GW150914, LIGO successively detected the second signal of the
gravitational wave GW151226 (03:38:53 UTC on Dec 26, 2015) and the third signal
of the gravitational wave GW170104 (10:11:58.6 UTC on Jan 4, 2017). Like the
GW150914, the GW151226 and GW170104 were matched with the respective
coalescing model of binary-blackhole system: the GW151226 is about 1.4 billion
light-years away from the earth and has the total mass of 22sun; the GW170104 is
about 3.0 billion light-years away from the earth and has the total mass of 51sun.

For their contributions to LIGO and the gravitational-wave detection, Weiss (an
honorary professor of MIT), Thorne and Barish (professors of California Institute of
Technology) jointly won the Nobel Prize in Physics in 2017.

At 10:30:43 UTC on Aug 14, 2017, for the first time, LIGO Hanford and LIGO
Livingston, as well as the Virgo base station, jointly detected the gravitational-wave
signal [1%]: GW170817, matching the coalescing model of binary-blackhole system
about 1.8 billion light-years away from the earth and has the total mass of 56sun.

At 12:41:04 UTC on Aug 17, 2017, LIGO and Virgo jointly detected the
gravitational-wave signal [1971: GW170817, successfully matching the coalescing
model of binary neutron stars for the first time, about 85 million light-years away
from the earth, with about the total mass of 3sun.

From GW150914 to GW200322 (no later data can be found), LIGO and LSC
announced that 91 gravitational-wave signals had been detected in four and a half
years, and claimed that these signals were all from double-star coalescing events,
including 84 cases of binary blackhole coalescing, 2 cases of binary neutron star
coalescing, 5 cases of black hole and neutron star coalescing, and 1 case of either
black hole and neutron star coalescing or binary neutron star coalescing. On average,
LIGO can detect one coalescing event of two blackholes every 20 days.

The binary-blackhole systems matched by LIGO gravitational-wave signals are
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mostly located within the range of 1-5 billion light-years away from the earth.
According to observation and simulation calculation ('8 the Hulse-Taylor binary
pulsar PSR1913+16 is precessing and will merge or coalesce in about 300 million
years. If a binary-blackhole system had the lifespan of 300 million years, then there
should be far more existing binary-blackhole systems in the universe than we could
imagine, and moreover, new binary-blackhole systems must have been evolving
continuously (perhaps, at least one binary-blackhole system per 20 days).

19.2.6 How does LIGO
Determine the Speed of Gravitational Waves

According to the retarded integral formula (19.6) and wave equation (19.7) of
the metric-perturbation tensor h7,(c) derived from Einstein’s theory of general
relativity, Einstein made his prediction of gravitational waves: matter systems
radiate gravitational waves, and the speed of gravitational waves is exactly the speed
c of light in vacuum [164.165],

However, it is one thing to predict the speed of gravitational waves theoretically
or mathematically, and another thing to measure the speed of gravitational waves
observationally or experimentally.

LIGO announces that gravitational waves have already been detected by LIGO
detector. However, LIGO seems to have never explicitly given its conclusion on the
speed of gravitational waves. As a matter of fact, LIGO has never officially or really
measured the gravitational-wave speed, and LIGO’s so-called trilateration method
seems to be ineffective and unreliable.

Therefore, LIG has to indirectly calculate and conjecture the gravitational-wave
speed x according to the so-called multi-messenger data 198199,

Originally, LIGO wished to measure the speed of gravitational waves by taking
advantage of the trilateration method, as depicted in Fig. 19.2(b). However, all the
sources of LIGO gravitational waves are too far away and their directions and
distances cannot be accurately determined. Even though the participation of the
Virgo base station in Italy and the KAGRA base station in Japan has improved the
positioning accuracy of gravitational-wave sources, it is difficult to meet the
requirements of accurately measuring the gravitational-wave speed. In particular, if
the gravitational-wave speed « is not the speed c of light predicted by Einstein [,
but the x>7x10°¢ predicted by Laplace %, then the calibration or correction of the
time between different base stations will become a major obstacle to accurately
determine the gravitational-wave speed x. After LIGO had detected the GW150914,
some LIGO members once said that whether the gravitational-wave speed is the
speed of light remains to be further verified.

Later, all observatories around the world participate the LIGO detection of
gravitational waves, form the league of so-called multi-messenger astronomy, and
have detected the so-called electromagnetic counterparts of gravitational waves,
which seems to have provided LIGO with a new way to infer and determine the
speed of gravitational waves. It is worth noting that such electromagnetic
counterparts not only appeared in the events of binary neutron-star coalescing 198191,
but also in the events of binary black-hole coalescing 2%,
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Only 0.4s after LIGO had detected the first signal of the gravitational-wave
GW150914, the Fermi gamma-ray Burst Monitor detected the gamma-ray burst that
seemed to come from the same radiation source of GW150914 [201202] Although
some physicists believe that the merging or coalescing of binary-blackhole systems
could not radiate electromagnetic matter, the eruption of electromagnetic matter is
actually possible and reasonable. The merging or coalescing of binary-blackhole
systems must violently erupt matter and energy outwards. If the universe really has
binary-blackhole systems, they must radiate all forms of matter and energy,
including to gravitational, electromagnetic, strong and week interactions. Just as
nuclear explosions can erupt the protons and neutrons confined within atomic nuclei,
we can imagine that, the merging or coalescing of binary-blackhole systems can
erupt the quarks confined within protons and neutrons.

Only 1.7s after LIGO and Virgo had detected the first coalescing event of binary
neutron-star: GW170817, the Fermi Gamma-ray Burst Monitor (GBM) and the
International Gamma-Ray Astrophysics Laboratory (INTEGRAL) detected the
gamma-ray burst GRB170817A that seems to come from the same radiation source
of GW170817 198191 |n the following weeks, observatories around the world
successively reported that they had detected electromagnetic matter that seemed to
come from the same radiation source of GW170817 and GRB170817A with
different frequencies or wavelengths sweeping past the earth. This is regarded as the
masterpiece of multi-messenger astronomy.

LIGO believes that [1%: the gravitational-wave signal GW170817 and its
electromagnetic counterparts came from the same merging or coalescing event of
binary-star system: they departed almost at the same time, after hundreds of millions
of light years or even billions of light years, reached the earth almost at the same
time. Therefore, the speed of gravitational waves must be the speed c of light.

Due to the better positioning accuracy, GW170817 and GRB170817A are
selected by LIGO as the samples to determine the gravitational-wave speed «.

Suppose that GW170817 does represent the gravitational wave and does come
from the coalescing event of a binary-star system with the luminosity distance
D.=26 Mpc, i.e., D=3.2616x10°<D light year away from the earth, about 85
million light-years; GBR170817A does represent the gamma-ray burst erupted from
the source of GW170817 with the speed vem of electromagnetic waves, i.e., the
speed ¢ of light in vacuum. Then, the relative difference between the speed « of
gravitational waves and the speed c of light can be defined as: Av/c=At/T, where
Av=x—c, T=Dl/c, At=T-Tg, T is the travel time of GBR170817A, and Tg is the
travel time of GW170817. If the peak signal of GW170817 and the first gamma
photon of GRB170817A departed at the same time, then At~1.74+0.05s and x>c,
Av/c may be taken as the upper limit value; if GRB170817A departed 10s later than
GW170817, then At~1.745s—10s=-8.26s and x>c, Av/c may be taken as the lower
limit value. Thus, the relative wave-speed difference Av/c is [19°:

s _ AV 16
—3x107° < —<+7x10 (Ve =c) (19.8)

VEM

Equation (19.8) originates from the research report jointly submitted by LIGO
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Scientific Collaboration (LSC), Virgo Collaboration, Fermi Gamma-ray Burst
Monitor (GBM), and INTEGRAL %, The speed of light in vacuum recommended
by the International Standards Organization (ISO) is: ¢=2.99792458x10% ms.
Equation (19.8) means that the speed « of gravitational waves is exactly equal to the
speed vem of gamma-ray bursts. In other words, the speed « of gravitational waves is
exactly the speed c of light in vacuum.

We could understand that, if GW170817 and GRB170817A really originated
from the same coalescing event of a binary-star system, and after a long journey of
nearly 100 million light-years, they arrived at the earth almost at the same time (only
1.7s difference before and after), then the speed of GW170817 must be exactly the
same as the speed of GRB170817A.

However, the problem is that: Is the GW170817 really a gravitational wave
erupted by a binary-star system during its merging or coalescing?

The theory of GOR will reveal the mystery behind it for us.

19.3 The GOR Information-Wave Equation

As indicated in Sec. 12.1.1 The Gravitational Locality of Chapter 12, both
Einstein’s theory of general relativity and Newton’s theory of universal gravitation
imply an important idealized hypothesis: gravity or gravitational interaction is action
at a distance, it takes no time to cross space. Whether Einstein’s theory of general
relativity or Newton’s theory of universal gravitation, there is no prior knowledge or
information about the speed of gravitational radiation in their axiom systems or
logical premises.

Therefore, no matter logically or theoretically, no matter Einstein’s theory of
general relativity or Newton’s theory of universal gravitation, it is impossible to
draw the conclusion that the speed of gravitational radiation or the speed of
gravitational waves is the speed of light.

Under the principle of general correspondence (GC), following PGC logic route
1 or PGC logic route 2, by analogizing the logic of Einstein’s theory of general
relativity, the theory of GOR can also deduce or derive the retarded integral formula
and the wave equation of the metric-perturbation tensor h7, (7). However, in the
theory of GOR, the metric-perturbation tensor h7.(7) cannot be interpreted as
gravitational radiation or gravitational wave. Instead, it is the information wave of
the general observation agent OA(7), which transmits the information of observed
objects for observers at the speed 7.

19.3.1 The Deduction of GOR Wave Equation

Under the principle of GC, the theory of GOR deduces the GOR wave equation
by analogizing the deductive logic of Einstein’s wave equation. However, the
deduction of GOR wave equation does not follow the Einstein’s logic of weak-field
approximation. Like the establishment of GOR field equation in Chapter 14 and the
solution of GOR field equation of static spherically-symmetric gravitational
spacetime in Chapter 15, the deduction of GOR wave equation adopts the GOR
logic of idealized convergence.
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As stated in Sec. 13.3 The GOR Logical Way of Idealized Convergence of
Chapter 13, according to the theorem of Cartesian spacetime, if n— o0, then the
GOR spacetime X“d,, would converge to the Cartesian spacetime X%, and the GOR
spacetime metric g..(x% ) would converge to the Minkowski metric
nuw~=diag(+1,-1,-1,-1). Therefore, if the information-wave speed of the observation
agent OA(7) is high enough, then according to Eq. (13.11), the GOR spacetime
metric g.(x% 7) could be decomposed and linearized as Eq. (13.16):

77>>\/m and 7> |;/iv‘|:
guv<x“,f7):77w+h!,v(x“,77) (|h/“/ and Lmh}[v(xa,n)zo)

This is the condition of flat spacetime in the GOR logic of idealized convergence,
where the curved metric hy, and its derivatives of each order are small quantities.
According to the theorem of Cartesian of spacetime: g,.(x% 17)— 1., as n— o, o,
h. (x%, 1) —0 as n— .

According to the GOR logical way of idealized convergence (see Sec. 13.3 in
Chapter 13), the condition of GOR idealized convergence only requires that: the
information-wave speed 7 of the observation agent OA(#) is large enough or n—oo.

Einstein made the gravitational spacetime X*9(c) of the optical observation agent
OA(c) approximately flat by taking advantage of the logical way of weak-field
approximation, and then linearized Einstein field equation; while the theory of GOR
makes the gravitational spacetime X“d(7) of the general observation agent OA(7)
tend to be flat by taking advantage of the logical way of idealized convergence, and
then linearized the GOR field equation. Therefore, in the theory of GOR, the
gravitational field under OA(#) is not necessarily the weak field. Thus, the curved
metric h,.(77) in the condition of flat spacetime is no longer the disturbance of weak
gravitational radiation on the flat spacetime (7,,), and the gravitational wave is also
no longer the subtle ripples in the flat spacetime (7,,) caused by the disturbance of
weak gravitational radiation.

It should be pointed out that the condition of GOR idealized convergence not
only meets the condition of flat spacetime, but also meets all the conditions of
Einstein’s logical way of weak-field approximation, including the weak field, slow
speed, static field, spacetime orthogonality, and harmonic coordinates (see Sec.
13.1.3 in Chapter 13). So, by analogizing or following the logic of Einstein’s theory
of general relativity, the theory of GOR can derive the GOR retarded integral
formula of h,(77) which will be isomorphically consistent with Einstein’s retarded
integral formula (19.6) of h7,(c), derive the GOR wave equation of h7,(7) which
will be isomorphicall consistent with Einstein’s wave equation (19.7) of h7,.(c).

Like Einstein field equation (Eq. (14.2)), the left end of the GOR field equation

(Eq. (14.32)) can also be defined or marked as the GOR tensor G,.,(7), and the GOR
field equation can be simply rewritten as:

<1,
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G,uv (77) = _KGORT,uv

1 872G (19.9)
[G#v (77) = R/IV - E g/lVR’ Kgor = ’7_4]

where 7 is the information-wave speed of the general observation agent OA(7),
R.=R.v(7) is the Ricci tensor of OA(7) (representing the spacetime curvature of
OA(7)), R=R(n) is the Gaussian curvature of OA(7), 9.v=0..(7) is the spacetime
metric of OA(#), T.=Tu..(n) is the energy-momentum tensor of OA(7), and
xcor=xrcor(7) is the coefficient of GOR field equation under OA(7).

Under the condition of GOR idealized convergence: # is large enough or 77—,
according to Sec. 14.6 of Chapter 14 and Eq. (14.59) in Chapter 14, the Ricci tensor
R.v(n) and Gaussian curvature R(7)) approximate or tend to:

R,. (1) =55h,. (n)

R(7)=35h(1)

Define the metric-perturbation tensor of OA(n):

(R=R!=n"R,,) (19.10)

) 1 )
h. (m)=h,, -Zmn,.h (h=hy=n"n,) (19.11)

where the metric-perturbation tensor h,,=h7.(7) is defined with the curved metric
h., according to the flat-spacetime condition (Eq. (13.16)) of GOR idealized
convergence; h,, relies on the Newtonian gravitational potential y: h,, ~y.

Thus, under the condition of GOR idealized convergence, the GOR tensor G,.(7)
can also be defined with the metric-perturbation tensor h7,, and the GOR field
equation (19.9) can also be expressed with the metric-perturbation tensor h7, as:

1
Gyv (?7) = EDh uv (77) = _KGORT;W (77) (1912)
The corresponding condition of harmonic coordinates reduces to
h™ . “ (7)=0 (19.13)

According to the theory of GOR, the gravitational-spacetime metric g,. of the
observation agent OA(7) depends on the spacetime coordinates x* («=0,1,2,3) and
the information-wave speed 7 of OA(7): 9=0(X% 17)=0.(t.X,7) (i=1,2,3), where
the time axis x=nt, t is the observational time of OA(7). Likewise, the curved
metric h,,,, the metric-perturbation tensor h7,, and the energy-momentum tensor T,
all depend on the spacetime coordinates x and the information-wave speed 7 of
OA(n): hu=h(t.X', 1), ™ =h"u (X', 7), and T =T {t.X', 7).

By analogizing or following the retarded solution of h~,(c) in Einstein’s theory
of general relativity, the GOR field equation (19.12) satisfying the condition of
harmonic coordinate (Eq. (19.13)) has the following retarded integral formula which
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is isomorphically consistent with Einstein’s retarded integral formula (Eq. (19.6)):

- i GOR 3 i
h,, (tx',7)= > j T d®x (19.14)
where the integral domain is the 3d space occupied by the gravitational source, x'
(i=1,2,3) is the coordinate of the observer, and x'' (i=1,2,3) is the coordinate of
matter distribution, [x' —x"'| is the distance between the observation coordinate x' and
the coordinate x'' of gravitational matter.

Equation (19.14) is the retarded integral formula of the metric-perturbation
tensor h7.(n) in theory GOR, or the retarded solution of the metric-perturbation
tensor h7,(n), or the GOR retarded integral formula.

However, it should be pointed out that the so-called retarded in Eq. (19.14)
depends on the information-wave speed 7 of the observation agent OA(7), rather
than the speed c of light. More specifically, the so-called retarded in Eq. (19.14) is
not the delay of gravitational interaction, but the delay of observational (observed)
information, that is, the delay of the information wave of OA(#), rooted from the
observational locality (7<) of OA(#).

The GOR retarded integral formula (19.14) of the metric-perturbation tensor
h~.(7) suggests that the information received by the observer O at the coordinate x'
at the time t is the information emitted by the observed object P at the coordinate x"
at the time t—|x'-—x"'|/n: in the observational spacetime X*d(7) of OA(7), the
observational (observed) information would be delayed by [x'—x"'|/7.

Under the condition of GOR idealized convergence: # is large enough or 17—,
xcorTv—>0. Thus, the GOR field equation (19.12) would reduced to the form of
vacuum field equation: oh7,(7)=0. From to the definition of the d’ Alembert
operator “o” in the general observation agent OA(#n) and the definition of the
Laplace operator “V?” (see Sec. 5.5 D’ Alembert Operator in OR Theory in
Chapter 5 and Eq. (5.31)), it follows that:

oh,, (7)=0 (o=8"/n"et*-V?)
1 6% (19.15)
—?ﬁh w(1)=0

In this way, we have deduced a wave equation, named as the GOR wave
equation, in which the wave function is the metric-perturbation tensor h=,,(7) of the
observation agent OA(7) and the speed of the wave is the information-wave speed 7
of the observation agent OA(7).

Now, the problem is that: What does the metric-perturbation tensor h7,(7) in
the GOR wave equation (19.15) mean? Or, what wave is the metric-perturbation
tensor h7,,(n) as the wave function in the GOR wave equation (19.15)?

It is worth noting that the GOR wave equation (19.15) has generalized
Einstein’s wave equation (19.7): as the observation agent OA(r) is the optical agent

or Vzh’w (n)
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OA(c), the GOR wave equation is exactly Einstein’s wave equation.

Now, you may have had your own judgment: the GOR wave equation, including
Einstein’s wave equation, is not the gravitational-wave equation, but the
information-wave equation; the wave function h7.(77) of GOR wave equation,
including the h7.(c) of OA(c), does not represent the wave of gravitational radiation
predicted by Einstein — the Gravitational Wave, but the Information Wave of the
observation agent OA(7), which transmits the information of observed objects for
observers. Specifically, Einstein’s wave equation is exactly the information-wave
equation of the optical agent OA(c). Naturally, the information wave of OA(c) is
light wave, the information-wave speed of OA(c) is the speed c of light.

Now, you may have finally been able to understand why Einstein’s gravitational
wave propagates at the speed of light?

The theory of GOR, based on the GOR logical way of idealized convergence,
has derived the retarded integral formula (Eq. (19.14)) of GOR field equation which
is isomorphically consistent with Einstein’s retarded integral formula (Eq. (19.6)) of
Einstein field equation, and has derived the GOR wave equation (19.15) which is
isomorphically consistent with Einstein’s wave equation (19.7). The GOR retarded
integral formula and the GOR wave equation has provided a theoretical basis for us
to correctly understand Einstein’s prediction of gravitational waves.

19.3.2 The Unity of Einstein’s Wave Equation and
Newton’s Wave Equation

Einstein’s wave equation is actually the weak-field vacuum form of Einstein
field equation; the Poisson vacuum form of Newton field equation, i.e., Laplace’s
equation: V2y=0, may be referred to as Newton’s wave equation.

Like all the relationships in the theory of OR (including IOR and GOR), the
GOR retarded integral formula (Eq. (19.14)) and the GOR wave equation (19.15)
has not only generalized Einstein’s retarded integral formula and Einstein’s wave
equation, but also generalized Newton’s integral formula and Newton’s wave
equation. In other words, the GOR wave equation has generalized and unified
Einstein’s wave equation and Newton’s wave equation.

According to the GOR retarded integral formula (Eq. (19.14)):

IimTﬂV[t—w,x”,nJ:Tﬂv(t—w,x”,cj (19.162)
n—C 77 C

: Xi _X,i ri ri

’IlmTﬂv(t—ln—|,x ,nj:Tw(t,x ,0) (19.16b)

Equation (19.16a) suggests that: as n—c, OA(7) will be the optical agent
OA(c), the GOR retarded integral formula (Eg. (19.14)) will reduce to Einstein’s
retarded integral formula (Eq. (19.6)). Equation (19.16b) suggests that: as 7 — o,
OA(#) would be the idealized agent OA., the GOR retarded integral formula (Eq.
(19.14)) would reduce to Newton’s integral formula, the observational locality of
OA(#) would disappear, and therefore, the observed information would no longer be
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retarded or delayed.
According to the GOR wave equation (19.15):

. - 1%, - 1%,

fim| VA (07) =z 2 o (1) | =V (€)= G 2 M (©) (19.17a)
lim| V?h~ 1 —82 h- |=Vv?h~  thatis V?h~ =0 or V2y=0 (19.17b
I]I—II]O #V_nz 8t2 wo | uv ati1s uv or x= ( ) )

Equation (19.17a) suggests that: as n—c, OA(7) will be the optical agent
OA(c), the GOR wave equation (19.15) will reduce to Einstein’s wave equation
(19.7). Equation (19.17b) suggests that: as 77—, OA(7) would be the idealized
agent OA., the GOR wave equation (19.15) would reduce to Newton’s wave
equation, i.e., Newton’s law of universal gravitation in the vacuum form of Poisson
equation — Laplace’s equation: V2x=0, in which the information-wave speed would
be infinite and it would take no time for the observed information to cross space.

It is thus clear that both Einstein’s wave equation and Newton’s wave equation
are special cases of the GOR wave equation: Einstein’s wave equation is that of the
optical agent OA(c); Newton’s wave equation is that of the idealized agent OA...
The GOR wave equation is the wave equation of the general observation agent
OA(n), including the optical agent OA(c) and the idealized agent OA...

In this way, the GOR wave equation has generalized and unified Einstein’s
wave equation and Newton’s wave equation.

However, this does not mean that the GOR wave equation supports Einstein’s
wave equation, let alone Einstein’s prediction of gravitational waves. Quite the
reverse: the GOR wave equation indicates that Einstein’s prediction of gravitational
waves is a mistake!

19.3.3 Einstein’s Prediction of Gravitational Waves
is a Mistake!

The retarded integral formula (Eq. (19.14)) of the GOR field equation and the
GOR wave equation (Eg. (19.15)) indicates that:

Einstein’s prediction of gravitational waves is wrong!

After the establishment of general relativity, based on the wave equation (19.7)
and the retarded solution (Eg. (19.6)) of Einstein field equation, Einstein made his
famous prediction of gravitational waves.

As stated in Sec. 19.1, in Einstein’s theory of general relativity, the
metric-perturbation tensor h7,=h7.,(x,c) is connected with the Newtonian
gravitational potential y and the speed c of light. Accordingly, Einstein believed that
his retarded integral formula (Eq. (19.6)) represented gravitational radiation, and his
wave equation (19.7) represented the wave of gravitational radiation, i.e., the
gravitational wave that propagated at the speed c of light.

Thus, Einstein’s specious prediction of gravitational waves was born.
As Zhao said [%l: “In essence, h™y, is h,,.” In Sec. 15.5 of Chapter 15, the
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theory of GOR has clarified that the curved metric h,,=h,.(y,n) of gravitational
spacetime does not really represent gravitational radiation, let alone gravitational
wave. Actually, as stated in Sec. 12.1.1 The Gravitational Locality of Chapter 12,
Newton’s theory of universal gravitation and Einstein’s theory of general relativity,
and even the theory of GOR, have on prior information about gravitational radiation
or gravitational waves, which imply the important idealized hypothesis: gravity or
gravitational interaction is action at a distance. Therefore, logically, it is impossible
for Einstein to predict gravitational waves based on his theory of general relativity,
let alone to calculate the speed of gravitational radiation or gravitational waves.

As stated in Sec. 12.1.2 The Observational Locality of Chapter 12, the locality
in Einstein’s theory of general relativity is the observational locality (c<w) of the
optical observation agent OA(c), rather than the gravitational locality. Einstein’s
theory of relativity, including the special and the general, is the theory of optical
observation, in which the observation agent OA(#) is the optical agent OA(c), and
the transmission speed 7 of observed information is the speed c of light in vacuum.
Therefore, the so-called retard or delay in Einstein’s retarded integral formula (Eq.
(19.6)): [x'—x"'|/c, is the retarded or delayed of observed information, not the retard
or delay of gravitational interaction. In particular, it should be pointed out that: the
wave speed ¢ in Einstein wave equation (19.7) is the information-wave speed ¢ of
the optical agent OA(c), not the gravitational-wave speed «.

The theory of GOR does not doubt the existence of gravitational waves.

However, as one of the objective interactions between matter and matter,
gravitational waves or the waves of gravitational radiation do not rely on
observation or the observation agent OA(7), do not rely on the speed 7 of observed
information transmitted by the observation media of OA(7).

The metric-perturbation tensor h,=h7.(y,77) in the GOR retarded integral
formula (Eq. (19.14)) and the GOR wave equation (19.15) does not represent
gravitational waves or the waves radiated by the gravitational source, but the
information wave of the observation agent OA(#) transmitting observed information,
which is naturally carrying the information about gravitational radiation (y). As the
information wave of OA(7), the speed at which h7.(y,7) transmits observed
information is naturally the information-wave speed 7 of OA(7), conforming to the
GOR retarded integral formula (Eq. (19.14)) and the GOR wave equation (19.15).
Specifically, as OA(#) is the optical agent OA(c), the speed at which h,(y,c) as the
information wave of OA(c) transmits observed information is naturally the speed ¢
of light, conforming to Einstein’s retarded integral formula (Eq. (19.6)) and
Einstein’s wave equation (Eg. (19.7)).

As stated in Sec. 15.5.3 of Chapter 15, for the solution (Egs. (15.17) and (15.32))
of the GOR field equation, regardless of the Cartesian coordinates or the spherical
coordinates, regardless of the approximate solution or the exact solution, the
nonzero elements of the curved metric h,.(y,7) all contains an important
dimensionless factor: Cw=|y|/7?, i.e., the ratio of the Newtonian gravitational
potential |y| to the square of the information-wave speed 7n of OA(7). As n— o,
Cw—0 and h,,—0, which suggests that, both the curved metric h..(y,7) and the
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metric-perturbation tensor hu.(y,77) do not represent gravitational radiation or
gravitational wave.

The theory of GOR refers to Cw=| x|/ as the Factor of Carrier Wave. In the
theory of GOR, the wave function hz.(y,7) in the GOR wave equation (19.15) is
actually the information wave of the observation agent OA(r), the so-called Carrier
Wave, loaded with the observed information of gravitational interaction (), which
is the information wave of OA(7) modulated by the gravitational-radiation signal,
and naturally, propagates at the information-wave speed 7.

The GOR wave equation (19.15) means that there is a wave in the observational
spacetime X“d(n) of the observation agent OA(7): h.(x,7), that is, the information
wave of OA(r7), whose speed is the speed of observation medium of OA(7)
transmitting observed information. Naturally, different observation agents have
different information-wave speeds, which may not necessarily be the speed c of light.
Einstein’s wave equation (19.7) is only a special case of the GOR wave equation
(19.15), where OA(#) is the optical agent OA(c).

The GOR wave equation, actually, is the GOR information-wave equation.

It is thus clear that the wave function h7.(y,7) in the GOR wave equation (19.15)
is not the gravitational wave radiated by matter systems, but the information wave of
the observation agent OA(7).

This means that, as a special case of the GOR wave equation (19.15), the
so-called gravitational wave predicted by in Einstein’s wave equation (19.7) is not
the gravitational wave but the information wave of the optical observation agent
OA(c): light wave, which transmits observed information at the speed c of light.

So, Einstein’s wave equation is not the gravitational-wave equation, but the
information-wave equation, that is, the electromagnetic-wave equation or the
light-wave equation of the optical observational agent OA(c).

This is the essence of Einstein’s prediction of gravitational waves.

19.3.4 Information waves are physical reality

The significance of the GOR retarded integral formula (Eq. (19.14)) and the
GOR wave equation (19.15) lies not only in having proved that Einstein’s prediction
of gravitational waves is a mistake, but also in having proved that the information
waves as observation media are physical reality, or in other words, the objectively
physical existence.

As stated in the first chapter of OR theory: “Human being’s understanding of the
objective world depends on and is restricted by observation.” However, we have not
yet truly recognized and understood the role and special statue of observation and
observation media in physics and its theoretical system.

By starting from the definition of time (Def. 2.2, the most basic logical premise),
the theory of OR, has derived the general Lorentz transformation, which has
generalized and unified the Galilean transformation and the Lorentz transformation
(26271 Thereby, the theory of OR has discovered that both Newton’s classical
mechanics and Einstein’s relativity theory are the partial theories of physics that
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depend on and are restricted by their respective observation system and observation
condition: Newton’s classical mechanics is the theory under idealized observation,
depending on and being restricted by the idealized observation agent OA.;
Einstein’s relativity theory is the theory of optical observation, depending on and
being restricted by the optical observation agent OA(c). This means that, in the
theoretical systems or mathematical models of physics, in addition to the observer
and the observed object, there must also be another important and indispensable role:
Observation Agent, which takes advantage of certain observation media for
transmitting the spacetime information of the observed object to the observer.

So, the theory of OR has defined the concept of Information Wave. The
so-called information waves refer to the matter waves, such as water waves, sound
waves, light waves, electromagnetic waves, and even gravitational waves, employed
by observation agents for transmitting the observed information.

Different theoretical systems have different observation agents, employ different
observation media, and therefore, have different information-wave speeds: the speed
of the information wave of the idealized agent OA. is infinite, the speed of the
information wave of the optical agent OA(c) is the speed c of light in vacuum, and
the speed of the information wave of the bat-agent OA(vs) is the speed vs of
ultrasonic wave in the atmosphere, and so on.

So, does a theoretical system or mathematical model of physics really need a
certain observation agent? In other words, does a theoretical system or mathematical
model of physics really need a certain observation medium for transmitting the
information of observed objects to observers?

For this matter, the value and significance of the GOR retarded integral formula
(EQ. (19.14)) and the GOR information-wave equation (19.15) lies in having proved
that observation media, or information waves, or observation agents paly the
indispensable role in the theoretical systems or mathematical models of physics.

The retarded solution of GOR field equation has proved that:

In a theoretical system of physics, there must exist a specific observation agent
OA(n), which employs a specific observation medium to transmit the information of
observed objects to observers at a specific speed 7.

The GOR wave equation has proved that:

In a theoretical system of physics, there must exist a specific matter wave in the
observational spacetime X“*d(7) of the observation agent OA(7), that is, the
information wave of OA(7) transmitting observed information.

Observation Agent, Information Wave and Informon, were originally coined
by the theory of OR. Now, Observation Agent and Information Wave have been
proven to be the objectively physical existence by the GOR retarded integral
formula (Eq. (19.14)) and the GOR information-wave equation (19.15). Thus, as the
matter particles that make up the information wave and as the mesons that transmit
observed information, the existence of informons is natural and rational.

19.4 GOR Interpreting: What Has LIGO Discovered?
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According to the GOR information-wave equation, the theory of GOR has
proved that Einstein’s prediction of gravitational waves is a mistake.

So, what are the gravitational waves detected by LIGO Observatory? Has LIGO
really detected gravitational waves? Do gravitational waves really exist?

The theory of GOR does not doubt the existence of gravity or gravitational
radiation. Actually, the so-called gravitational waves are namely gravity or
gravitational radiation: the waves of gravitational radiation.

LIGO claimed that it had detected gravitational waves. Also, in 2017, LIGO
won the Nobel Prize in Physics for detecting gravitational waves. However, LIGO’s
gravitational-wave detection is not strictly empirical observation or experiment. As
stated in Sec. 19.2 and depicted in Fig. 19.3, LIGO’s gravitational-wave detection is
half real and half virtual: the first half is listening; the second half is guessing.
Perhaps, the only thing we could affirm is that LIGO heard the chirping sound from
a certain matter system. As for the merging or coalescing of binary-blackhole
systems, it was just an imagination or a speculation of LIGO, the product of the
technology of computer simulation or the technology of Virtual Reality, which
might not necessarily exist in reality.

Since Einstein’s prediction of gravitational waves, which is based on Einstein’s
theory of general relativity, is a mistake, could LIGO’s computer simulation of
gravitational waves, which is also based on Einstein’s theory of general relativity,
still hold true?

19.4.1 GOR Interpreting LIGO Principle

For the principle or scheme of LIGO system detecting gravitational radiation or
gravitational waves, the understanding of the theory of GOR is naturally different
from the view of Einstein’s theory of general relativity.

As stated in Sec. 19.2, the detection principle of LIGO originated from Pirani’s
scheme. Based on Einstein’s theory of general relativity, Pirani believed that 68l
gravitational radiation or a gravitational wave could lead to the expansion and
contraction of space; and therefore, testing the variation of the spatial distance
between two matter bodies could detect the gravitational radiation or gravitational
wave sweeping past the two test bodies. Based on Pirani’s view, Weber further
imagined that [16°: spatial expansion or contraction would shrink or stretch matter
objects; and therefore, by measuring the shrinking and stretching of an matter object,
one could determine the expansion and contraction of space. In Weber’s scheme, the
expansion and contraction of space is equivalent to the shrinking and stretching of
matter objects.

LIGO follows Pirani’s ideas and scheme. As stated in Sec. 19.2.3 and depicted
in Fig. 19.2(a), the architecture of LIGO detector is designed based on the
Michelson interferometer, in which the core is the two mutually perpendicular laser
arms (the arm-X and the arm-Y) for measuring the spatial expansion and contraction
between the test objects by taking use of the laser interference effect.

It should be pointed out that, originally, what Einstein’s advocated in his theory
of general relativity was the curvature of 4d spacetime, rather than the expansion or
contraction of 3d space.
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According to the GOR factor (Eqg. (12.36)) of spacetime transformation, the
theory of GOR has clarified that, regardless of whether there are gravitational fields
or not, the objective and real spacetime will not be curved, and naturally, will not
expand or contract. In Chapter 13, the theorem of Cartesian spacetime has also
proved this conclusion: the observational spacetime X*.. of the idealized agent OA..
must be flat, regardless of whether there is matter in spacetime.

In the theory of GOR, the distribution of matter or the existence of gravitational
fields would also lead to the optical-path difference between the two laser beams in
the arm-X and the arm-Y of the LIGO laser interferometer, and then, produce
interference effect. However, that is not due to the curvature of spacetime or the
expansion and contraction of space, but due to the variation or perturbation of the
speed of laser in gravitational spacetime.

In Sec. 15.4 of Chapter 15, based on the GOR logical way of idealized
convergence, the theory of GOR has obtained the solution and line-element formula
(Eq. (15.32)) of the static spherically-symmetric gravitational spacetime:

ds? =(L+ 27/n%)ndt? —(1+2z/5?) " dr? —r’d6? - rsin’ odg?

where 7 is the information-wave speed of the observation agent OA(7); y=—GM/?
is the Newtonian gravitational potential, and M is the gravitational mass (also
representing the center of gravity).

It is worth noting that the LIGO detector is actually an optical observation
system, the optical agent OA(c), which employs the laser interferometer to measure
the optical-path difference between the two perpendicular laser beams, thereby to
sense the variation of the laser speeds. Therefore, like the Michelson interferometer
in the Michelson-Morley experiment, the observation agent OA(7) of LIGO detector
is the optical observation agent OA(c).

Suppose that the observed object P is a photon m. According to the theory of
GOR, as OA(#) is the optical agent OA(c), the line-element ds of the photon m is
zero: ds=0 (this is consistent with Einstein’s theory of general relativity). Given the
isotropy of spherically-symmetric gravitational spacetime, it follows that: d6=0 and
de=0. Thus, the line-element formula (Eq. (15.32)) reduces to:

0=(1+2y/c*)c’dt” - (1+ 2;(/(:2)71dr2

19.18
that is v:ﬂ:i(1+2—}2{)c (Z=—%) ( )
dt C r

where v is the speed of the photon m in the gravitational spacetime under OA(c).

Equation (19.18) suggests that: the speed of light or photons in gravitational
spacetime is different from the speed c of light in vacuum; in addition, the speed of
light or photons will be different for different gravitational potentials, and for
different energies of gravitational radiation or gravitational wave. As gravitational
radiation or gravitational wave invades the LIGO spacetime, in particular, as the
gravitational radiation or gravitational wave around the arm-X and arm-Y of the
LIGO laser interferometer is asymmetry, the speeds of laser in the arm-X and the
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arm-Y would be different. Then, the two laser beams in the arm-X and the arm-Y of
the LIGO laser interferometer would exhibit optical-path difference and produce
interference effects or interference fringes.

The Basic Principle of LIGO detector: According to the theory of GOR, the
LIGO detector could detect the variation or perturbation of the speed of laser by
making use of the LIGO laser interferometer; thus, LIGO could detect gravity or
gravitational waves, detect gravitational radiation or gravitational fields; and
furthermore, could explore the matter systems that act as gravitational sources
sweeping the LIGO detector.

19.4.2 The Distance and Mass
of LIGO’s Gravitational-\Wave Sources

In order to detect the gravitational waves coming from deep space or out space,
LIGO requires the celestial bodies as gravitational-wave sources to possess huge
mass and radiate the gravitational waves with huge energy.

As stated in Sec. 19.2.4, the sea of the earth is a natural gravitational-wave
observatory, which could detect gravitational radiation or gravitational waves
coming from celestial bodies: the sea presents tidal phenomena by sensing the
gravitational radiation or gravitational waves from the moon and the sun. According
to Newton’s law of universal gravitation, the induced tidal force Fr of the matter or
sea water with unit mass on the earth’s surface is proportional to the mass M of
gravitational source and inversely proportional to the cube of the distance d of
gravitational source:

F =Ama; (aT =GM %) (19.19)

where, G is the gravitational constant, M is the mass of gravitational source or
gravitational-wave source, Re is the earth radius, Am is the unit mass of the matter or
sea water on the earth’s surface, and ar is the equivalent acceleration.

The LIGO detector itself is a matter system of the earth’s surface.

Equation (19.19) has important enlightenment significance: a detector of
gravitational radiation or gravitational waves on the earth’s surface, including the
sea and LIGO, are restricted by the law of inverse cubic of the gravitational-source
distance d. Equation (19.19) means that whether the gravitational-wave observatory
on the earth’s surface, whether the sea or LIGO, could detect gravitational radiation
or gravitational waves depends largely on the distance d between the gravitational
source M and the gravitational-wave observatory on the earth.

The solar mass is 27.112 million times the lunar; while the distance between the
sun and the earth is 390.6 times that between the moon and the earth. According to
Eqg. (19.19): the acceleration of the solar tidal force is ar=5.05 x10~7 m-s~?; the
acceleration of the lunar tidal force is ar=1.10x10-% m-s~2, 2.18 times that of the sun.
This means that at least one more sun needs to be added in order for the tidal force
of the sun to reach the level comparable to that of the moon.

The nearest fixed star to the solar system, Proxima Centauri, has the mass of
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about 0.12 suns and is about 4.22 light-years away from the earth. According to Eq.
(19.19), the mass M of it must reach that of 1.88x10'® suns in order for its tidal force
on the sea or LIGO detector on the earth’s surface to reach the level comparable to
that of the sun:

M d? _[4.22><365><24><60><60><C
M d? 1.5x10"

Sun

3
) ~188x10% (19.20)

Sun

Proxima Centauri, even if its mass M reaches 1.88x10% suns, might also not
trigger the LIGO detector. As stated in Sec. 19.2.4, as far as the LIGO detector and
its surrounding spacetime are concerned, like the situations of the moon and the sun,
the gravitational field of Proxima Centauri is a relatively static gravitational field,
which is difficult to make the two laser beams in the arm-X and arm-Y of the LIGO
laser interferometer form enough optical-path difference to produce the interference
effects or interference fringes.

The first gravitational-wave signal detected by LIGO: GW150914, was
imagined by LIGO as a gravitational wave erupted from a binary-blackhole system
during merging or coalescing: the binary-blackhole system has the total mass of
about 67 suns and the distance of about 1.3 billion light-years away from the earth.
How many suns do such a distant celestial body need to accumulate together to
generate the tidal effects equivalent to the sun on the earth’s sea or LIGO detector?
Even if considering the merging and coalescing of the two black holes, no one could
imagine how LIGO detector could detect a gravitational wave from so far away.

What makes us curious is that, since GW150914 could trigger LIGO detector,
why GW150914 could not trigger the earth’s sea and set up huge tides?

19.4.3 LIGO’s Gravitational \Waves
and the Coalescing of Black Holes

During the three phases of detection activities, including O1, 02 and O3a+b,
LIGO detected the total of 91 gravitational-radiation signals, each had matched the
coalescing model of a binary-star system, of which the vast majority were
binary-blackhole systems: 84 cases consisting of two black holes, 5 cases of one
black hole and one neutron star, and 2 cases of two neutron stars.

Actually, as stated in Sec. 19.2.4, LIGO took binary-blackhole systems as the
detection target of gravitational waves from the very beginning, and looked forward
to their merging or coalescing. However, whether neutron stars or black holes,
whether binary neutron-star systems or binary-blackhole systems, whether merging
or coalescing, all stay in the hypothetical mathematical models, and all stay in
computer simulation and virtual reality.

Do the universe really have binary-blackhole celestial bodies? Do black holes
really merge or coalesce so frequently and so regularly? Does the universe need the
coalescing of black holes or does LIGO need the coalescing of black holes?

LIGO’s Need for the Coalescing of Black Holes

In 1967, a radio telescope detected a periodic electromagnetic-pulse signal
[172-174] Thus, it was speculated that there were pulsars in the universe. Furthermore,
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it was believed that pulsars were neutron stars (a sort of fictional celestial bodies that
had almost been abandoned by astronomers). The envisaged neutron stars have huge
mass, however, as stated in Sec. 19.4.1, they are not massive enough to produce
high-energy gravitational waves for LIGO’s need.

In 1974, a radio telescope detected an electromagnetic-pulse signal, whose pulse
period presented periodic variation [1751761, Thus, it was speculated that there were
binary-pulsar systems in the universe. Furthermore, it was believed that [177-179] the
semi-major axis and orbital period of a binary pulsar would gradually shorten, the
pulsar and its companion star would eventually merge or coalesce. The merging or
coalescing of a binary-pulsar system must violently explode and fiercely erupt
high-energy gravitational waves. However, the mass of a neutron star is limited.
Even if a binary-pulsar system really merges or coalesces, the gravitational-wave
energy erupted by it might still not meet LIGO’s need.

So, physicists came up with the concept of black holes and conceived of
binary-blackhole systems: what if a binary-blackhole system merges or coalesces
118318419 The mass of a black hole could be freely imagined, and in this way, the
merging or coalescing of a binary-blackhole systems could erupt the gravitational
waves with arbitrarily high energy.

From neutron stars to pulsars, from pulsars to binary-pulsar systems, from
binary-pulsar systems to binary-blackhole systems, and then to the merging or
coalescing of binary-blackhole systems, it seems that LIGO’s everything is based on
conjecture and illusion. So far, except for computer simulation or virtual reality,
there is no sufficient empirical basis supporting for the merging or coalescing of
binary-blackhole celestial bodies.

As a matter of fact, those chirping sounds heard by LIGO detector do not really
come from the merging or coalescing events of binary-blackhole systems.

LIGO’s Ring Toss Game

As stated in Sec. 19.2.5: the universe still has too many unknowns for human
beings; each gravitational radiation signal detected by LIGO detector implies infinite
possibilities. However, from the very beginning, LIGO aimed its detection target at
binary-blackhole systems.

LIGO’s identification of the gravitational-radiation signals heard by the LIGO
detector is somewhat like one of the street games: Ring Toss Game.

Through the computer simulation of virtual reality, a chirp could always match
one of the mathematical models of binary-stars systems in LIGO’s computer
database, just as the ring falls over a doll. As shown in Tab. 19.1, the first
gravitational-radiation signal detected by LIGO: GW150914, matched the merging
or coalescing event of a binary-blackhole model: the primary star has the mass of
36.2 suns and the secondary star has the mass of 29.1 suns, the merged black hole
has the mass of 62.3 suns, 1355 hillion light-years away from the earth, erupting
about the matter or energy of about 3.0 suns. If GW150914 was located in a sky
region 2 billion light-years away from the earth (instead of 1.3 billion light-years),
then LIGO would only need to make slight adjustments to the masses of the primary
and secondary black holes in the binary-blackhole model, so that GW150914 could
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still match one binary-blackhole model, in other words, GW150914 could still fall
over a doll. The probability of a gravitational-radiation signal detected by the LIGO
detector matching with one of the binary-blackhole coalescing models is much
higher than the probability of the ring falling over a doll in playing ring toss.

Of the 91 cases of the gravitational-radiation signals detected during LIGO’s
three phases of detection activities, including O1, O2 and O3a+b, only two cases
matched the binary neutron-star coalescing models: GW170817 and GW190425.
Compared with binary-blackhole models, both GW170817 and GW190425 are
closer to the earth: GW170817 is only 130 million light-years away from the earth
and GW190425 is only 520 million light-years away from the earth. Perhaps, just
because they are closer to the earth, the matching mass could not be too large to
reach the magnitude of black holes. Whether a gravitational-radiation signal detected
by LIGO detector matches a binary-blackhole model or a binary neutron-star model
depends on their distance from the earth, or vice versa.

It is worth noting that: LIGO’s binary-blackhole systems could not be too close
to the earth — if they are too close to the earth, LIGO’s binary-star systems would
have to be binary neutron-star systems; moreover, the farther away from the earth,
the blacker LIGO’s binary-blackhole systems, and the greater the total mass.

LIGO’s binary-blackhole systems depend on the distances between the
binary-blackhole systems and the earth.

What exactly does such a phenomenon in LIGO’s detection data mean?

The Misconception of LIGO’s Binary-Blackhole Models

Take the GW150914 in Fig. 19.3 and Tab. 19.1 as an example: on the one hand,
based on the computer simulation of binary-blackhole systems, LIGO claimed that
the GW150914 detected by LIGO detector was a gravitational wave predicted by
Einstein, which verified the existence of gravitational waves; on the other hand,
based on the gravitational-radiation signal GW150914, LIGO claimed that the
GW150914 detected by LIGO detector came from a binary-blackhole system during
its merging or coalescing, which verified the existence of binary-blackhole celestial
bodies and the merging or coalescing of binary-blackhole systems.

Such a circular reasoning is logically questionable.

According to LIGO’s computer simulation, the GW150914’s binary-blackhole
system has lost the mass of about 3.0 suns after merging or coalescing; according to
Einstein formula E=mc?, the lost mass has been transformed into the energy erupted
or radiated outward in the form of gravitational radiation or gravitational waves as
the two black holes merged or coalesced.

However, there are many doubts in the interpretation of LIGO

Firstly, LIGO’s binary-blackhole models are the product of numerical relativity,
which is based on Einstein’s relativity theory, including the special and the general.
However, LIGO has not realized that Einstein’s theory was only a partial theory,
belonging to optical observation, being true or valid only under the optical agent
OA(c). The theory of OR has already clarified that the physical quantities of
Einstein’s relativity theory are all that of optical observation, containing the
observational effects of OA(c). We are not sure whether LIGO limits its theoretical

282



model based on Einstein’s relativity theory to the optical observation conditions.
And, we are not sure what makes LIGO conclude that, during merging or coalescing,
the GW150914’s binary-blackhole system has transformed the mass of about 3 suns
into gravitational radiation or gravitational waves.

Secondly, LIGO mistakenly employed Einsteins formula E=mc? to calculate the
energy of the gravitational waves that were erupted by binary-blackhole systems
during merging and coalescing. The theory of OR has already clarified 26271 that:
Einstein formula E=mc? is only a special case of the OR mass-energy relation
E=m#n?, which holds true only if the observation agent OA(#) is the optical agent
OA(c); E=mc? only represents the observational kinetic energy of the observed
object m moving at the speed of light under OA(c), and does not mean that the mass
of the observed object m could be transformed into energy, just as the energy of
nuclear explosion is the release of energy confined within the nucleus, rather than
the transformation of mass. Therefore, it is theoretically wrong that LIGO calculates
the energy of gravitational waves erupted by binary-blackhole systems during
merging and coalescing based on Einstein formula E=mc?.

At the same time, LIGO mistakenly employed Planck equation E=hf to calculate
the energy of gravitational waves. As far as the frequency f is concerned: the
frequency detected by the LIGO detector is not the frequency of gravitational waves,
but the frequency of relative perturbation of the speeds of laser in the arm-X and the
arm-Y beams, and depends on the laser frequency. As far as the Planck constant h is
concerned, the theory of OR has already clarified 26271 that h is the Planck constant
of the optical agent OA(c). According to the general Planck equation (6.16),
different observation agents OA(7) have different Planck constant h, (Eq. (6.29)).
The quantum theory based on Planck equation E=hf, like Einstein’s relativity theory,
is the theory of optical observation, which is true or valid only if the observation
agent OA(r) is the optical agent OA(c). Therefore, it is theoretically wrong that
LIGO calculates the energy of gravitational waves erupted by binary-blackhole
systems during merging and coalescing based on Planck equation E=hf.

In particular, the merging or coalescing of two black holes must violently
explode and fiercely erupt matter and energy outwards. According to the theory of
OR, all the erupted energy must be carried by the erupted matter, but not be
transformed from the erupted matter. As stated in Sec. 19.2.6, if a binary-blackhole
system merges or coalesces, then it will not only erupt gravitational radiation or
gravitational waves, but also erupt electromagnetic matter or even any other form of
matter outwards. For example, just 0.4s after LIGO had detected the first
gravitational-radiation signal GW150914, Fermi GBM detected a gamma-ray burst
from the same sky region 292202 |If GW150914 really came from the merging or
coalescing event of a binary-blackhole system, then this gamma-ray burst could be
regarded as the electromagnetic matter erupted from the binary-blackhole system.
Actually, even if there are really binary-blackhole systems in the universe, even if
binary-blackhole systems really merge or coalesce, the erupted energy of
gravitational waves may only account for a small part of all the erupted energy,
which cannot trigger the LIGO detector.

It is thus clear that LIGO’s gravitational-wave dynamic models for computer
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simulation or virtual reality is theoretically wrong. LIGO’s so-called gravitational
waves from binary-blackhole celestial bodies lack both sufficient empirical basis
and sufficient theoretical basis.

19.4.4 The Problem of LIGO’s Gravitational-Wave Speed

As stated earlier, the existence of gravity and gravitational waves need not be
proved and verified. Actually, the sea has already proved and verified it to us

In a sense, as far as Einstein’s prediction of gravitational waves is concerned,
the important matter is not whether gravitational waves really exist, but whether the
speed « of gravitational radiation is really the speed c of light.

The theory of GOR has proven that the so-called gravitational waves predicted
by Einstein is not the gravity or gravitational waves radiated by matter systems, but
the information wave of the optical agent OA(c), that is, light wave, which transmits
the information of observed objects for observers. The information wave of the
optical agent OA(c) is light, and the speed of it is naturally the speed of light.
However, that is not the speed of gravitational radiation or gravitational waves.

So, what about the speed of the gravitational radiation or gravitational waves?

There is no doubt that, according to the principle of physical observability or the
principle of locality, gravity or gravitational interaction must not be action at a
distance. Therefore, the speed of gravitational radiation must be finite or limited: it
takes time for gravitational waves to cross space.

However, the speed of gravitational radiation or gravitational waves may not
necessarily the speed of light.

Actually, observations and experiments seem more inclined to support the views
and conclusions of Laplace [“3! and Flandern 271 as well as others [203.204]: the speed
of gravity or gravitational radiation is far greater than the speed of light — if the
speed of gravitational waves were the speed of light, then the universe would lose
the existing stable structure (271, This kind of view has not been accepted by the
mainstream school of physics only because it is contrary to Einstein’s theory of
general relativity and Einstein’s prediction of gravitational waves.

An obvious fact is that: the reason why black holes are black is because light or
photons is/are not fast enough to escape from black holes; while, black holes could
not bind gravitational waves and gravitons, otherwise, black holes would lose their
gravitational interaction with the external matter systems, and the binary-blackhole
systems envisioned by LIGO would not exist: two black holes could not attract and
orbit each other, and naturally, there would be no merging or coalescing event of
binary-blackhole systems occurring in the universe.

It is thus clear that the speed x of gravitational radiation, including gravitational
waves and gravitons, may be greater than or far greater than the speed c¢ of light as
predicted by Laplace [*31 and Flanderen [127],

LIGO claims that it has detected gravitational waves. Moreover, as stated in Sec.
19.2.6, based on the trilateration method and the joint observation data of
multi-messenger astronomy, LIGO claims that it has proved the speed of
gravitational waves is exactly the speed of light 199, Actually, LIGO has not really
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measured or determined the speed x of gravitational waves. Even by taking
advantage of multiple base stations and multiple messengers, LIGO still could not
accurately locate the source of gravitational waves, and hence, could not determine
the speed of gravitational waves by means of the trilateration method. The LIGO
Livingston and the LIGO Hanford are 3002 kilometers away, about 10ms optical
path. It took the gravitational-radiation signal GW150914 about 7ms to sweep past
the LIGO’s two base stations. In this regard, LIGO could only draw a very vague
conclusion: the speed of GW150914 conforms to Einstein’s prediction of
gravitational waves: gravitational waves propagate at the speed of light.

GW170817 is the first case of LIGO’s gravitational-radiation signal that was
matched with a binary neutron-star model. It is accompanied before and after it by
numerous clumps of electromagnetic matter, i.e., the so-called electromagnetic
counterparts, including the gamma-ray burst GRB170817A., LIGO believed that
GW170817 and GRB170817A departed from the same binary neutron-stars system
at the same time and almost simultaneously reached the earth, with a difference of
only about 1.7s. Finally, on this basis, LIGO indirectly demonstrated that the speed
x of gravitational waves was equal to the speed ¢ of light (Eq. (19.8)) [,

So, is the speed x of gravitational waves is really the speed c of light?

The problem is that: Do the gravitational-radiation signal GW170817 and the
gamma-ray burst GRB170817A really originated from the merging or coalescing
event of the same binary neutron-star system?

There is no doubt that: the gamma-ray burst GRB170817A came from a certain
celestial body, perhaps, it is exactly the binary neutron-star system matched by
LIGO’s computer simulation of virtual reality: 85 million light-years away from the
earth, with the total mass of three suns; moreover, merged or coalesced 85 million
years ago, radiated or erupted GRB170817A which came to the earth after traveling
85 million years at the speed of light.

However, the LIGO’s gravitational-radiation signal GW170817 was not
originated from the binary neutron-star system of GRB170817A, even nor from any
binary-star systems, including binary-blackhole systems.

As a matter of fact: LIGO is not sure whether there are really binary-star
systems in the universe; even if there are, LIGO is not sure whether they will merge
or coalesce; even if they will, LIGO is not sure how much energy they will radiate
or erupt; even if LIGO theoretically can calculate the erupted energy, LIGO is not
sure how much of the erupted energy will belong to gravitational radiation or
gravitational waves. Actually, regardless of whether there are binary-blackhole
systems in the universe, regardless of whether binary-blackhole systems will merge
or coalesce, all the gravitational-radiation signals detected by LIGO detector are not
directly related to binary-star systems, including binary neutron stars and binary
black holes. What LIGO actually heard were not the chirp sounds originated from
the merging or coalescing of binary-star systems, but the chirps of the so-called
electromagnetic counterparts near by the LIGO detector, such as GRB170817A.
Actually, both the gravitational-radiation signal GW170817 and the gamma-ray
burst GRB170817A are the clumps of electromagnetic matter that swept past the
earth. In particular, the GW170817 (as an clumps of electromagnetic matter)
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invaded the spacetime around the LIGO detector at close quarters, and therefore, the
gravitational field of GW170817 own triggered the LIGO detector.

Thus, LIGO mistakenly takes the speed of GW170817 being electromagnetic
radiation, i.e., the speed c of light, as the speed x of gravitational radiation.

Ironically, it is just the LIGO’s mistake [1%9 that will reveal the essence of
LIGO’s gravitational waves.

19.4.5 What Exactly did LIGO Detected?

LIGO claims that it has detected gravitational waves, and verified Einstein’s
prediction of gravitational waves: gravitational waves not only exist objectively, but
also, just as predicted by Einstein, the speed « of gravitational waves is exactly the
speed c of light. For this, LIGO members, Weiss, Barish and Thorne, won the Nobel
Prize in Physics in 2017.

However, the theory of GOR has proven that Einstein’s prediction of
gravitational waves is a mistake: the wave in Einstein’s wave equation (19.7) is not
the gravitational wave radiated by a certain gravitational source, but the information
wave of the optical agent OA(c). As a matter of fact, whatever LIGO has detected, it
does not mean that Einstein correctly made the prediction about gravitational waves
and the speed of gravitational waves.

So, has LIGO really detected gravitational radiation or gravitational waves? Is
the speed of gravitational radiation or gravitational waves really the speed of light?

The Trigger Conditions of LIGO Detector

According to Newton’s law of universal gravitation, all things attract each other.

In this sense, the LIGO system for detecting gravitational waves is a detector for
detecting all things or all matter systems with both mass and energy: a matter system
must carry the gravitational field of its own, radiate gravity or gravitational waves,
and as stated in Sec. 19.2.4, trigger the LIGO detector under certain conditions.

Electromagnetic matter must carry the electromagnetic field of its own and
radiate electromagnetic force and electromagnetic waves, and therefore, radio
telescopes can sense electromagnetic radiation or electromagnetic waves. So, a radio
telescope may be called the detector of electromagnetic matter. Any matter
system has its own mass, carry gravitational fields, radiate gravity and gravitational
waves, and therefore, LIGO detector can sense gravitational radiation or
gravitational waves. So, the LIGO system for detecting gravitational waves may be
called the detector of everything for detecting all matter systems in the universe.

As long as there is a matter system invading or sweeping past the spacetime
around the LIGO detector, the gravitational field carried by it might trigger the
LIGO detector. However, two conditions must be met for the gravitational field of
the matter system to trigger the LIGO detector:

(i) The matter system has the enough strength g=GM/d? of gravitational field
or the enough tidal-generating force Fr=2AmGMRg/d?® (Eqg. (19.19)): (a) the
mass M of it is large enough; (b) the distance d of it is small enough, that is,
the matter system is close enough to the LIGO detector.
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(if) Relative to the LIGO detector’s two laser arms of X and Y, the gravitational
field of the matter system is asymmetric.

LIGO did detect gravitational waves.

Gravitational waves are the waves of gravitational radiation. In this sense, LIGO
did detect gravitational waves.

Based on the basic principle of LIGO detector interpreted by the theory of GOR,
the gravitational-radiation signals that triggers the LIGO detector, from the first
GW150914 to the 91" GW200322, do mean that there were numerous matter
systems with the gravitational fields of their own invading and sweeping past the
spacetime around the LIGO detector, leading to the perturbation of the speed of laser
in the Fabry-Pé&ot cavity. The two beams of laser in the arm-X and the arm-Y
presented the optical-path difference. Thus, the LIGO laser interferometer produced
interference effects and formed interference fringes, triggering the LIGO detector.

It could be affirmed that LIGO has indeed discovered or detected the invasion of
numerous matter systems carrying the gravitational fields of their own. In other
words, indeed, the gravity or gravitational waves radiated by those matter systems
ever triggered the LIGO detector.

However, this does not seem to imply that the gravitational-radiation signals
triggering the LIGO detector were originated from the merging or coalescing event
of binary-star or binary-blackhole systems.

LIGO?’s gravitational waves
did not come from binary-star coalescing.

It could be affirmed that the gravitational-radiation signals or gravitational-wave
signals detected by LIGO did not come from distant binary-star systems, neither
from binary neutron-star systems nor from binary-blackhole systems; moreover, the
speed of gravitational radiation or gravitational waves is not the speed of light.

According to Sec. 19.4.1 and Sec. 19.4.2, binary-star or binary-blackhole
celestial bodies, even if they exist and coalesce, could barely meet the triggering
conditions of the LIGO detector.

First of all, as stated in Sec. 19.4.1, although the huge mass of a black hole could
be freely imagined by LIGO, it is too far away from the earth: the strength of its
gravitational field decays with distance according to the law of inverse square; its
tidal-generating force decays with distance according the law of inverse cubic. Thus,
when it sweeps past the earth, its gravitational radiation or gravitational wave would
be no longer strong enough to trigger the LIGO detector.

Secondly, as stated in Sec. 19.4.2, we know that: (i) According to the theory of
GOR, the energy erupted by a binary-star coalescing even must be carried by the
matter erupted by the binary-star coalescing even, rather than be transformed from
matter or mass — the total energy erupted is far less than that of the theoretical
calculation made by LIGO’s computer simulation of virtual reality, and moreover,
the energy of gravitational radiation or gravitational wave only accounts for a small
part of it; (ii) The gravitational radiation erupted by the binary-star coalescing even
is approximate to a spherical wave, and the energy density of it must also decay with
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distance according to the law of inverse square, and while sweeping past the earth,
its spherical wave is approximately uniform and symmetrical and equipotential with
respect to the laser arms X and Y of LIGO detector.

So, it is difficult even for binary-blackhole coalescing to trigger LIGO detector.

Why did LIGO’s gravitational waves
seemingly move at the speed of light?

LIGO claims that the gravitational waves detected by it propagate at the exactly
the speed of light just as Einstein’s prediction.

At first, based on the trilateration method depicted in Fig. 19.2(b), LIGO dimly
reached the conclusion that the speed of gravitational waves seemed to be the speed
of light: for example, sweeping past the LIGO Livingston and the LIGO Hanford,
GW150914 took 7ms, GW170814 took 6ms, and GW170817 took 3ms; the distance
between Livingston and Hanford is 3002km, with the optical path of about 10ms.
Later, according to that the GW170817 and the GRB170817A arrived at the earth
almost simultaneously %1, with Eq. (19.8), LIGO reached the conclusion that the
speed of gravitational waves was exactly the speed of light.

So, why did the gravitational waves detected by LIGO seemingly move at the
speed of light? Alternatively, what does it mean that the speed of LIGO’s
gravitational waves is exactly the speed of light?

As a matter of fact, neither the speed measured based on LIGO’s trilateration
method nor the speed measured based on LIGO’s electromagnetic counterparts is
the speed of gravitational radiation or gravitational waves.

The gravitational-radiation or gravitational-wave signals detected and recorded
by LIGO detector only suggest that:

(i) Some matter systems carrying gravitational fields invaded and disturbed the
spacetime around LIGO detector at close quarters.

(ii) It is not that the gravitational waves detected by LIGO propagated at the
speed of light, but that the matter systems as the sources of gravitational
fields moved at the speed of light.

It could be imagined that, as depicted in Fig. 19.4, for the gravitational-radiation
or gravitational-wave signals recorded by LIGO detector, from the GW150914 to
the GW200322, the hosts or gravitational sources of them are actually not
binary-star systems and binary-blackhole systems, but some certain clumps of
electromagnetic matter sweeping at the speed of light past the LIGO detector.

Why were LIGO’s gravitational waves
accompanied by electromagnetic matter?

As depicted in Fig. 19.4(a), in LIGO’s joint activity of detecting gravitational
waves, whenever LIGO detected a gravitational-radiation or gravitational-wave
signal, it was always found that there were some clumps of electromagnetic matter
before and after it, including gamma-ray bursts, X-rays, and the electromagnetic
matter in other frequency bands, which are known as the so-called electromagnetic
counterparts, i.e., the electromagnetic matter corresponding to or accompanying
LIGO’s gravitational waves.
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The events of electromagnetic matter sweeping past the earth are extremely
common; but, the events of binary-star or binary-blackhole coalescing are
previously unknown, and no way to verify them.

As a matter of fact, it is not that LIGO’s gravitational-radiation signals were
accompanied by electromagnetic counterparts, but that some clumps of
electromagnetic matter, as matter systems carrying their own gravitational fields and
radiating gravity or gravitational waves, swept past the spacetime around the LIGO
detector at close quarters to trigger the LIGO detector.

According to the theory of OR, all matter or matter systems, including
electromagnetic matter, have their own mass and carry their own gravitational fields,
radiating gravity and gravitational waves.

Naturally, the gravitational field of a matter system must move together with the
matter system of it.

Taking the earth as an example, it moves in the orbit around the sun at a speed
of 3x10*ms™, and naturally, the gravitational field of the earth moves together with
the earth at the speed of 3x10* ms~. However, this does not mean that the speed of
gravitational radiation or gravitational waves is 3x10* ms™.

Electromagnetic matter moves at the speed of light. Naturally, the gravitational
field of electromagnetic matter moves together with electromagnetic matter at the
speed of light. However, this does not mean that the speed of gravitational radiation
or gravitational waves is the speed of light.

Electromagnetic matter, or electromagnetic counterparts of LIGO’s gravitational
waves, as depicted in Fig. 19.4(a), are composed of electromagnetic particles
(photons) and move at the speed of light, which may be called Electromagnetic
Particle Clump (EPC). The theory of OR has already clarified that photons have
their own rest mass, which is the intrinsic mass of photons, i.e., the objective and
real mass. Therefore, as a matter system, an EPC must carry the gravitational field
of its own, radiate gravity or gravitational waves. In particular, the gravitational field
of an EPC must move together with the EPC at the speed of light.

As depicted in Fig. 19.4(b), the conclusion of the trilateral measurement shows
that the speed of LIGO’s gravitational waves sweeping past the LIGO’s two base
stations seems to be consistent with the speed of light. However, it is worth noting
that, as we stressed repeatedly, this does not mean that the speed of gravitational
waves is the speed of light, but only means that, for the gravitational-radiation or
gravitational-wave signals detected by LIGO detector, their hosts or their
gravitational sources move at the speed of light.

So, who are the hosts of LIGO’s gravitational-radiation signals?
At this point, the author believes that you must have your own answer.

The Hosts of LIGO’s Gravitational Waves: EPCs

Everything points to electromagnetic matter, or to Electromagnetic-Particle
Clumps (EPCs), which moves at the speed of light.

Indeed, the LIGO detector has recorded numerous gravitational-radiation signals,
which may be referred to as Gravitational Waves: the waves of gravitational
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radiation. However, the gravitational-radiation or gravitational-wave signals
detected by LIGO detector were not originated from the merging or coalescing
events of binary stars or binary black holes.

For the gravitational-radiation or gravitational-wave signals recorded by LIGO
detector are concerned, the hosts or gravitational sources of them are EPCs. It is
naturally that the LIGO’s gravitational-radiation or gravitational-wave signals were
accompanied by electromagnetic counterparts or EPCs. Actually, it is not that the
LIGO’s gravitational-radiation or gravitational-wave signals were accompanied by
electromagnetic counterparts or EPCs, but that the LIGO’s gravitational-radiation or
gravitational-wave signals were emitted by electromagnetic counterparts or EPCs at
extremely close quarters.

(a) LIGO’s Gravitational Waves (GWs) were Accompanied by EPCs
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Figure 19.4 Why were LIGO’s Gravitational Waves Always Accompanied by EPCs? (a)
LIGO’s Gravitational Waves were Accompanied by Electromagnetic Matter: Whenever LIGO
detected a gravitational-radiation signal, it would always be found that there were some
electromagnetic-particle clumps (EPCs) before and after it, which are known as electromagnetic
counterparts, such as gamma-ray bursts and X-rays; naturally, EPCs move at the speed of light.
(b) The Gravitational Fields of EPCs Sweeping at the Speed of Light past the LIGO Livingston
and the LIGO Hanford: As matter systems, EPCs have the gravitational fields of their own
moving together with EPCs; it is not that LIGO’s gravitational-radiation signals or gravitational
waves moved at the speed of light, but that EPCs moved at the speed of light. (c) The
Gravitational Fields of EPCs Sweeping over the LIGO Detector: If an EPC swept the LIGO
detector at close quarters and its gravitational field asymmetrically invaded and disturbed the
spacetime around the laser arms X and Y of LIGO detector, the EPC might trigger the LIGO
detector; what LIGO detected were not the gravitational wave originated from the distant black
hole in deep space, but the gravitational radiation of the EPC in a short distance.

As depicted in Fig. 19.4(c), although the mass of an EPC is far less than the
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mass of a black hole, it could sweep past LIGO Gravitational-Wave Observatory at
extremely close quarters. As an EPC sweeps very closely past the LIGO detector, it
may meet the triggering conditions of LIGO detector and the gravitational field of it
may trigger the LIGO detector.

So, according to the theory of GOR, we may reasonably make the following
basic judgments:

LIGO’s Detection or Discovery: There is no doubt that LIGO has detected
gravitational-radiation signals and discovered gravitational waves, but LIGO has not
determined the speed of gravitational waves. the gravitational waves detected by
LIGO were not originated from the coalescing events of binary-blackhole celestial
bodies but from EPCs sweeping past the LIGO detector at close quarters. The speed
of gravitation waves is not the speed of light.

Now, we can explain that:

(i) Why were the gravitational waves detected by LIGO always accompanied
by electromagnetic counterparts or EPCs?

(i) Why did the gravitational waves detected by LIGO seemingly move at the
speed of light?

The hosts or sources of LIGO’s gravitational waves are not binary-star systems
or binary-blackhole systems, but EPCs. For LIGO’s gravitational-radiation signals,
the so-called electromagnetic counterparts of them or EPCs are actually the hosts or
gravitational sources of LIGO’s gravitational waves.
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20 The Unity of Newton and Einstein in GOR

One physical world, one logical system.

As stated in Chapter 8 The Unity of Newton and Einstein in IOR of the 1%
volume of OR: Inertially Observational Relativity (IOR): “Both Newton’s
classical mechanics and Einstein’s relativity theory are only the partial theories of
physics in Hawking’s words %, and as a matter of fact, both are the partial theories
of OR theory. The unity of the partial theories of physics is not the mechanical or
formal reproduction or repetition of old theories, but the progress and even leap in
human being’s cognition of the objective world, which is a major step in tracing the
logical origin of the theoretical systems of physics.”

It is undoubtedly of far-reaching significance to unify Newton’s theory of
universal gravitation and Einstein’s theory of general relativity, the two great
gravitational theories of physics, into the same theoretical system under the same
axiom system.

The theory of GOR, like the theory of IOR, is based on the most basic axiom
system and starts from the most basic logical premises. Therefore, it has the high
degree of generality and universality. The theory of GOR has generalized and
unified Newton’s theory of universal gravitation and Einstein’s theory of general
relativity, providing new insight into the theoretical system of universal gravitation
or gravitational interaction.

Tab. 20.1 is a list for the analogy of the theory of GOR and Einstein’s theory of
general relativity as well as Newton’s theory of universal gravitation, demonstrating
the unification of Newton and Einstein in the theory of GOR.

Now, the theory of Gravitationally Observational Relativity (GOR), or the
theory of GOR for short, has been established on the basis of the OR axiom system.
Newton’s theory of universal gravitation and Einstein’s theory of general relativity
have been generalized and unified into the 2" volume of OR: Gravitationally
Observational Relativity (GOR).

Perhaps, as Hawking said [*1: “Then we should know the mind of God.”

20.1 The unity of
the Coordinate Systems of Gravitational Spacetime

The theory of GOR is the theoretical system of general observation agency
OA(7). Newton’s theory of universal gravitation is the theory of the idealized
observation agent OA..; Einstein’s theory of general relativity is the theory of the
optical observation agent OA(c). As the GOR basic formulae shown in Tab. 20.1, if
OA(n) is the optical agent OA(c), then the theory of GOR would strictly converge to
Einstein’s theory of general relativity, while if OA(7) is the idealized agent OA.,,
then the theory of GOR would strictly converge to Newton’s theory of universal
gravitation.

Tab. 20.1 takes the basic formulae of GOR theory as examples to demonstrate
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the generality and unity of GOR theory.

According to the theory of GOR, for a theoretical system in physics, the
spacetime, no matter the inertial or the gravitational, is the observational spacetime
of a specific observation agent OA(r), which is different from the objectively real
spacetime. Under the principle of general correspondence (GC), following the logic
of Einstein’s theory of general relativity, the 2" volume of OR: Gravitationally
Observational Relativity (GOR) extends the coordinate framework of Minkowski
4d spacetime from inertial spacetime to gravitational spacetime and from the optical
observation agent OA(c) to the general observation agent OA(7)

This section analyzes the generality and unity of the GOR observation agent
OA(7) and the coordinate framework of GOR spacetime X*d(7).

20.1.1 Cartesian Spacetime vs Minkowski Spacetime
Cartesian Coordinate System

Cartesian spacetime, as the observational spacetime X“d, of the idealized
observation agent OA., can describe not only the inertial spacetime of classical
mechanics, but also the gravitational spacetime of classical mechanics.

As stated in Sec. 8.1.1 of Chapter 8, the Cartesian coordinate system, or the
coordinate framework of Cartesian spacetime, reflects the absolutist view of
space and time held by Galileo and Newton: space and time are independent of each
other; space is just space and time is just time. As stated in Sec. 1.4.3 The Idealized
Observation Agent of Chapter 1, the Cartesian coordinate system represents the
idealized observation system, i.e., the idealized observation agent OA.., in which the
information-wave speed is infinite: it takes no time for the information of observed
objects to cross space.

No matter inertial spacetime or gravitational spacetime, as shown in Eq. (1.4),
the coordinate framework of Cartesian spacetime can be formalized as:

X“dw:{xoznt (7 —>o);x=x, x> =y, x3=z}
OA, 21dt=dr (dz=ds/n)
dI* = dx? + dy® +dz?

where OA., is the idealized observation agent, X, is the idealized spacetime of
OA.; dt is the idealized time-element, dz is the objectively real time-element
(proper time), i.e.,, the mathematical time in Newton’s words; dl is the
line-element of Cartesian 3d space (x,y,z), the time axis x° has no physical
significance as n—.

It is worth noting that, as the information-wave speed 7, of OA.: n—, the time
axis x° splits with the space axes (x*,x?x%). Therefore, time and space are
independent of each other in the coordinate framework of Cartesian spacetime.

The Coordinate Framework of Minkowski Spacetime

Minkowski spacetime is a coordinate framework (Eg. (1.1) in Chapter 1) of 4d
spacetime made by Minkowski %51 specially for Einstein’s theory of special

293



relativity. As clarified by the theory of OR, Minkowski spacetime represents the
optical observation system, i.e., the optical observation agent OA(c), in which the
observation medium is light, and the speed of transmitting observed information is
the speed of light in vacuum, and is limited (c<o). Therefore, the optical observation
agent OA(c) has the observational locality, and it takes time for the information of
observed objects to cross space.

At the beginning, Einstein did not realize the value and significance of
Minkowski spacetime. However, when he set about studying the theory of general
relativity, Einstein found that his general relativity seemed to have to be built on the
coordinate framework of 4d spacetime created by Minkowski.

So, Einstein expanded Minkowski spacetime (Eg. (10.1) in Chapter 10) from the

inertial spacetime of special relativity to the gravitational spacetime of general
relativity, which can be formalized as the GOR gravitational spacetime:

X“(c):{x° =ct; X =x, X’ =y, X’ =2
ds® =g, dx“dx" (gw =g, (x“,c))

where OA(c) is the optical observation agent, X*d(c) is the optical observational
spacetime of OA(c); dt is the optical observational time-element, ds is the
line-element of Minkowski 4d spacetime (x°x,x?x%), the space coordinates
(x2,x2,x%) may be the Cartesian coordinates (x,y,z).

20.1.2 GOR Gravitational Spacetime

The theory of OR has already clarified [26-31: all the theories of physics depend
on observation and are restricted by observation; in theory, all the forms of matter
motion can be employed as observation media to transmit the information of
observed objects to observers.

The 2" volume of OR: Gravitationally Observational Relativity (GOR)
extended the concept of the general observation agent OA(7) from inertial spacetime
(Def. 1.1 in Chapter 1) to gravitational spacetime (Def. 10.1 in Chapter 10). In this
way, the theory of GOR builds the coordinate framework of 4d gravitational
spacetime (Eqg. (10.2) in Chapter 10) for the gravitational spacetime X*d(7) the
general observation agent OA(7), that is, the GOR gravitational spacetime:

1>

OA(c)

- X““(n):{xO =nt; X'=x,x* =y, X :z}
OA(n)=
ds? =g,,dx“dx" (g,, =9, (x".7))

where OA(7) is the general observation agent, X*d() is the observational spacetime
of OA(n); dt is the observational time-element of OA(7), ds is the line-element of

4d observational spacetime X*d(77)=(x%x!,x?,x%), the space coordinates (x*x2x3)
may be Cartesian coordinates (X,y,z).

Thus, the general observation agent OA(7) becomes the formalized coordinate
framework of 4d spacetime in the theory of GOR.

It should be pointed out that no matter Def. 10.1 of the general observation agent
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OA(n) or Eg. (10.2) is not the logical premise presupposed by the theory of OR, but
the logical consequence derived by the theory of GOR following and analogizing
Minkowski’s logic %51 and Einstein’s logic [l

20.1.3 The Unity of Descartes and MinkowskKi

The Cartesian coordinate system is the coordinate framework of 3d space that
can be employed to serve Newton’s classical mechanics (including Newton’s theory
of universal gravitation); while the extended Minkowski spacetime (Eq. (10.1) in
Chapter 10) is the coordinate framework of 4d spacetime that can be employed to
serve Einstein’s relativity theory (including the special and the general).

Actually, like in inertial spacetime, in gravitational spacetime, no matter
Cartesian spacetime or Minkowski spacetime is just a special case of the coordinate
framework of 4d spacetime of the general observation agent OA(r7): Cartesian
spacetime is the so-called idealized observation agent OA.. (7—x); Minkowski
spacetime is the so-called optical observation agent OA(c) (7—c).

As shown in Tab. 20.1, in gravitational spacetime, the general observation agent
OA(n) of GOR theory has generalized and unified the idealized observation agent
OA.. and the optical observation agent OA(c); in other words, the coordinate
framework of 4d spacetime of GOR theory has generalized and unified the Cartesian
coordinate system and the coordinate framework of Minkowski 4d spacetime.

Naturally, if 7—c, then GOR agent OA(r77) would strictly converge to the optical
agent OA(c), i.e., the coordinate framework of Minkowski 4d spacetime:

x° =nt x° =ct
1 _ 1_
X4d(’7): XZ_X X4d(C) Xz X
: . =Yy =Yy
m OA(n)= m Cog (= Cog |l OA(c) (20.1)
ds? =g, dx“dx” ds® =g, dx“dx”
(9,. =9, (x.n))| |(9,. =9, (x.¢))

In particular, as shown in Eq. (1.3), if 77—, the 4d spacetime line-element ds in
the observational spacetime X“d(7) of the GOR agent OA(7) would be split into
independent time-element dt of 1d time (x°) and independent line-element dl of 3d
space (x%,x2,x3):

2 2

dr? =—=dt* - — nom gt o n

dI* = dx? + dy® + dz*

(20.2)

where dzis the objectively real time (proper time).

Thus, the GOR agent OA( ) would strictly converge to the idealized agent OA.,,
i.e., the Cartesian coordinate system of Cartesian spacetime:
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x° =nt x° = oot
X' =X Xt =X
X4d (77) , )(4d00 ,

X = =
lim OA (7) = lim Vs X =y —0A,
n—w n—>o X3 =7 X3 =7

ds? = ndt? dt=dr
—dx? —dy? —dz® dI? = dx* +dy? + dz* (83)

So, as shown in the row 20.1-1 of Tab. 20.1, like in inertial spacetime, in
gravitational spacetime, the general observation agent OA(#) of the theory of OR or
GOR has generalized and unified the idealized agent OA.. and the optical agent
OA(c); in other words, the coordinate framework of 4d spacetime of GOR theory
has generalized and unified the Cartesian coordinate system of Cartesian spacetime
and the coordinate framework of Minkowski spacetime.

20.2 The Unity of
the Factors of Spacetime Transformation
In Chapter 12, under the principle of GC, by analogizing and following the logic

of Einstein’s theory of general relativity, the theory of GOR has derived the most
general spacetime-transformation factor 77, that is:

The GOR Factor (Eq. (12.36)): 7"(n)= dat_ !

The theory of OR has already clarified that the GOR factor, i.e., the
transformation factor of the gravitational spacetime X“i(7;) of the general
observation agent OA(7), is the important representation of the relativistic effects of
gravitational spacetime.

Naturally, if 7—c, then the GOR factor 7°(7) would strictly converge to the
spacetime-transformation factor y=77(c) of Einstein’s theory of general relativity,
that is, the factor of the spacetime transformation of the optical agent OA(c):

OA(c): y=limI (n)= ! =1"(c)

n—Cc S N\2
f 2 V' v (20.4)
C c c

In particular, if 7—o0, then the GOR factor 77(7) would strictly converge to the
spacetime-transformation factor 7.=77(w) of Newton’s theory of universal
gravitation, that is, the factor of the spacetime transformation of the idealized agent
OA., or the Galilean factor 7 (=1):
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OA,: I, =limI"(n)=Ilim ! =1

n—>0 n—>0 - \2 2
: 20.5
(/1+2;2(_%vj v (20.5)

n n n

So, as shown in the row 20.1-2 in Tab. 20.1, the GOR factor 77(7) of spacetime
transformation has generalized and unified the spacetime-transformation factor
y=I'(c) of Einstein’s theory of general relativity and the spacetime-transformation
factor /..=17"(x) of Newton’s theory of universal gravitation. Both Einstein’s factor
y=I(c) of gravitational spacetime transformation and Newton’s factor 7 ..=77(0) of
gravitational spacetime transformation are the special cases of the GOR factor 7(7):
Einstein’s factor y=77(c) belongs to the optical agent OA(c); while Newton’s factor
I,=1(x) belongs to the idealized agent OA... Now, they have been generalized and
unified into the GOR factor 77(#) of gravitational spacetime transformation.

Actually, as stated in Sec. 12.4 of Chapter 12, the GOR factor, not only has
generalized and unified the spacetime-transformation factor y=r77(c) of Einstein’s
theory of general relativity and the spacetime-transformation factor /.=17"(cc) of
Newton’s theory of universal gravitation, but also has generalized and unified the
spacetime-transformation factors of static, scalar, and vector gravitational fields, and
has generalized and unified the spacetime-transformation factors of inertial
spacetime and gravitational spacetime.

20.3 The Unity of Gravitational-Field Equations
and the Unity of Gravitational-Motion Equations
Einstein once imagined that his theory of general relativity should contain two
basic formulae: one was gravitational field equation, describing how spacetime is

curved in gravitational fields; the other was gravitational motion equation (the
so-called geodesic), describing how an object move in the curved spacetime.

Later, Einstein et al 1371 and Fock [*%8] independently proved that Einstein’s field
equation and motion equation were equivalent.

Actually, Newton’s theory of universal gravitation also has two basic formulae:

3
Newton’s Field Equation (14.1a): V?y =47zGp |V?= iﬁ
= ox' ox'
Newton’s Geodesic Equation (14.1b): F = w = —m}( ( GM J
r r
where Newton’s field equation is the Poisson-equation form of Newton’s law of
universal gravitation; Newton’s geodesic equation, i.e., Newton’s motion equation,
is the second-law form of Newton’s law of universal gravitation.

So, Newton’s field equation and Newton’s motion equation are also equivalent.

Now, the GOR field equation has generalized and unified Newton’s field
equation and Einstein’s field equation; the GOR motion equation has generalized
and unified Newton’s motion equation and Einstein’s motion equation. From this,
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we can understand why Einstein’s field equation and Einstein’s motion equation are
a pair of equivalent equations.

20.3.1 The Unification of Einstein’s Field Equation
and Newton’s Field Equation
In Chapter 14, under the principle of GC, by analogizing and following the logic

of Einstein’s theory of general relativity, the theory of GOR has derived the
gravitational-field equation under the general observation agent OA(#), that is:

R (1) =58, (R() =% (1)T,. (n)

(K'(T]) =Keor = 87[G/774)

The theory of OR has clarified that the GOR field equation is the theoretical
model of the general observation agent OA(#). In theory, the observation medium of
OA(#) could be any form of matter motion.

Naturally, if n—c, then the GOR field equation would strictly converge to
Einstein’s field equation, that is, the gravitational-field equation under the optical
observation agent OA(c):

The GOR Field Equation (14.63):

As n—>c

R, (c) —% 9, ()R(c)=-x(c)T,, (c) (20.6)
(K‘(C) =Kg = 87rG/C4)

OA(n7) —> OA(c):

In particular, as stated in Sec. 14.7 of Chapter 14, if n—o0, then the GOR field
equation would strictly converge to Newton’s field equation, the Poisson-equation
form of Newton’s law of universal gravitation, that is, the gravitational-field
equation of the idealized agent OA.:

As 7 — o
OA(n7)—>OA,: V’y=4zGp

So, as shown in the row 20.1-3 of Tab. 20.1, the GOR gravitational-field
equation has generalized and unified Einstein’s field equation and Newton’s field
equation. Einstein’s field equation belongs to the optical agent OA(c); Newton’s
field equation belongs to the idealized agent OA... Now, both of them have been
generalized and unified into the GOR gravitational-field equation under the general
observation agent OA(r), becoming the special cases of GOR field equation.

More importantly, this means the unification of Einstein’s field equation and
Newton’s law of universal gravitation.

(20.7)

20.3.2 The Unification of Einstein’s Motion Equation
and Newton’s Motion Equation

In Chapter 14, under the principle of GC, by analogizing and following the logic
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of Einstein’s theory of general relativity, the theory of GOR has derived the motion
equation (the geodesic) under the general observation agent OA(#), that is:

2 Hu a B
O )2 o (u=0123)
. . d 2 af d d
The GOR Motion Equation (14.37): Y7 1 v ur
Tl (m)=59" (9 + 9 =)

The theory of OR has clarified that the GOR motion equation is the theoretical
model of the general observation agent OA(7). In theory, the observation medium of
OA(n) could be any form of matter motion.

Naturally, if n—c, then the GOR motion equation would strictly converge to
Einstein’s motion equation, that is, the motion equation under the optical
observation agent OA(c):

As n—>cC
2 u a B
S (@52 20 (u=0123)
OA(n)—>OA(c): {°°F v ar

1
Tly(6)=59" (9us + 90 =9 )

In particular, as stated in Sec. 14.4 of Chapter 14, if n—oo, then the GOR
motion equation (14.37), i.e., the so-called GOR geodesic, would be split into two
independent equations (14.44a) and (14.44b):

(20.8)

As 17>

dz? (20.9)
d?x! 1 Y
FER LT (d_J (i=123)

The time equation (14.44a) of Eq. (20.9) suggests: dt=dz; indicating that in the
Cartesian spacetime X4, or under the idealized agent OA., the observational time
dt is the objective and true time (proper time) dz, and is independent of space. This
is consistent with the theorem of Cartesian spacetime in the theory of GOR. The
space equation (14.44b) of Eq. (20.9) suggests: the moving object m or the observed
object P is subject to gravitational force F' (i=1,2,3), and the GOR motion equation
would strictly converge to the second-law form of Newton’s law of universal
gravitation:

OA(n)—>OA, :

As 17— o

GMm m GM
F = 2 :——l l:——
OA(n) > OA,: ' r r

or F! :—ma—li (i=1,2,3)
OX

(20.10)

So, as shown in the row 20.1-4 of Tab. 20.1, the GOR motion equation has
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generalized and unified Einstein’s motion equation and Newton’s motion equation.
Einstein’s motion equation belongs to the optical agent OA(c); Newton’s motion
equation belongs to the idealized agent OA.. Now, both of them have been
generalized and unified into the GOR motion equation under the general observation
agent OA(7), becoming the special cases of GOR motion equation.

Likewise, this means the unification of Einstein’s motion equation and
Newton’s law of universal gravitation!

20.4 The Unity of
the Motion Equations of Celestial Two-Body System

All celestial bodies move by following Newton’s law of universal gravitation in
the universe.

Einstein’s three major predictions: (i) the gravitational deflection of light, (ii) the
gravitational redshift, and (iii) the orbital precession of planets, could be formalized
as the problem of the celestial two-body system (M,m): How does the small
celestial-body m (a moving object or an observed object P) moves in the
gravitational spacetime around the large celestial-body M?

After the birth of Newton’s law of universal gravitation 4, people built the
classical motion model of the celestial two-body system (M,m) based on Newton’s
theory of universal gravitation to describe celestial motion. After the birth of
Einstein’s theory of general relativity [, people built the relativistic motion model
of the celestial two-body system (M,m) based on Einstein’s theory of general
relativity to describe celestial motion. More than one hundred years have passed,
and human being’s physics is still in struggle:

Who is right, Newton or Einstein?

Now, the theory of GOR has built the GOR motion model of the celestial
two-body system (M,m) under the general observation agent OA(7), which has
generalized and unified Newton’s celestial-body motion model and Einstein’s
celestial-body motion model.

Now, physics may no longer be in struggle.

20.4.1 The Unification of
the Metric Equations of Gravitational Spacetime

In the problem of the celestial two-body system (M,m), gravitational spacetime
is often idealized as the static spherically-symmetric gravitational field. Based on his
logic of weak-field approximation, Einstein obtained the approximate solution of
Einstein field equation, i.e., the approximate metric of static spherically-symmetric
gravitational spacetime [®l; Schwarzschild obtained the first exact solution of
Einstein field equation, i.e, the exact metric of static spherically-symmetric
gravitational spacetime [,

Both Einstein’s approximate metric and Schwarzschild’s exace metric are the
metrics of the observational spacetime X“d(c) of the optical observation agent OA(c).
Newton’s gravitational spacetime is Cartesian spacetime, whose spacetime metric is
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the metric of the idealized spacetime X*,, of the idealized observation agent OA.,,
which is equivalent to the Minkowski metric 77,,.

In Chapter 15, under the principle of GC, by analogizing the logic of
Schwarzschild exact solution [8%, the theory of GOR has obtained the exact solution
of GOR field equation, that is, the exact GOR metric of static spherically-symmetric
gravitational spacetime:

90 (7)=1+2x/n" (x=-GM/r)
9y (7) = (1+ 27/7%)"
The GOR spacetime metric (Eq. (15.32): 1 9,,(7)=—
U5 () =-r’sin’ 6
9, (7)=0 (uzv)

Naturally, if n—c, then the GOR spacetime metric g..(77) would strictly
converge to the exact solution of Einstein’s field equation, that is, the Schwarzschild
metric g,.(c) (Eq. (15.7)), the spacetime metric under the optical agent OA(c):

Ooo (7) =1+ 22 /1" U (C)=1+2y/c’
9u(n)= (1+2)(/772) 9y (c)= (l+2){/c)
lims gz, (7)=-1* ={0,(c)=-r (20.11)
Oss(17) = —r"sin* & 0s(C)=—rsin@
9, (m)=0 (u=v) 9,,(c)=0 (u=v)

In particular, if 7—o0, then the GOR spacetime metric g,.(7) would strictly
converge to the Minkowski metric 7., that is, the Newtonian gravitational metric or
Cartesian spacetime metric, the spacetime metric under the idealize agent OA..:

Ouo (7) =1+ 27/n* —

0. (n)=—(+22/%)" |y, =1
lim+ gy, (7)=-r* ={n,, =-I? (20.12)
" U5 (7)=-rsin’ 0 My =—1sin’ @

9., (1)=0 (u=v) M =0 (u#v)

where 7,,=diag(+1,—1,—r?—r?sin?¢) is the spherical-coordinate form of the
Minkowski metric.

Equation (20.12) is consistent with the theorem of Cartesian spacetime.

So, as shown in the row 20.1-5 of Tab. 20.1, the GOR spacetime metric g.(7)
has generalized and unified Einstein’s metric g..(C) of gravitational spacetime and
Newton’s metric g..(0) of gravitational spacetime. Einstein’s spacetime metric
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0.v(c) belongs to the optical agent OA(c); Newton’s spacetime metric g.()
belongs to the idealized agent OA... Now, both of them have been generalized and
unified into the GOR gravitational-spacetime metric g..(7) under the general
observation agent OA( ), becoming the special cases of GOR spacetime metric.

20.4.2 The Unification of
the Energy Equations of Gravitational Spacetime

According to classical mechanics, in gravitational spacetime (taking the celestial
two-body system (M,m) as an example), the moving object m has both kinetic
energy K and potential energy V. The total energy H of it is the sum of the Kinetic
energy K and the potential energy V: H=K+V.

According to Sec. 18.4 GOR and Gravitational Redshift of Chapter 18, in the
gravitational spacetime X“d(7) of the general observation agent OA(7), the kinetic

energy K(#z) and the potential energy V(#), as well as the total energy H(#) of the
moving object m, can be defined as:

H = H (1)=K(n)+V (7) = (1 ()], (1), ) (2013)
K=K (m)=(r ), ~ma’ (r )= : J
v :V(77)=(1—1"(77)|V:0)m0772 \/1+ 2x/n* -V /n?

Naturally, if »—c, then in the GOR observational spacetime, the GOR kinetic
energy K(#z) and potential energy V() as well as total energy H(7) of the moving
object m would strictly converge to the kinetic energy K(c) and potential energy V(c)
as well as total energy H(c) of m in Einstein’s theory of general relativity:

H=H(c)=K(c)+V (c)=(r(c)] ,~T(c)], ., )Jmic’ (20.14)
K =K(c) :(F(C)L(:o —1) m,c’ e 1
V=V (c)=(1-7(c)|, )mc’ ( JL+27/¢=v?/c? J

In particular, if n—o0, then in the GOR observational spacetime, the GOR
Kinetic energy K(77) and potential energy V() as well as total energy H(#) of the
moving object m would strictly converge to the kinetic energy K. and potential
energy V. as well as total energy H. of m in Newton’s theory of universal
gravitation:

H, = limH (7) = K (1) +V () = S m,v2 - SMM- (F—@) (20.15)

n—x© 2 r

K, =limK (1) :(1“(77)|Z:0 —1)m0772 = %mov2 :%mmv2

n—0

GMm,_,
r

V, =limV () =(1-7 ()

n—o

v:o)m0772 =M, ==
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So, as shown in the row 20.1-6 of Tab. 20.1, the GOR observational kinetic
energy K(#z) of the moving object m in the GOR spacetime has generalized and
unified the relativistic kinetic energy K(c) in Einstein’s theory of general relativity
and the classical kinetic energy K. in Newton’s theory of universal gravitation; the
GOR observational potential energy V(7)) of the moving object m in the GOR
spacetime has generalized and unified the relativistic potential energy V(c) in
Einstein’s theory of general relativity and the classical potential energy V.. in
Newton’s theory of universal gravitation. Thus, the GOR observational total energy
H(n) of the moving object m in the GOR spacetime has generalized and unified the
relativistic total energy H(c) in Einstein’s theory of general relativity and the
classical total energy H., in Newton’s theory of universal gravitation

The relativistic kinetic-energy formula K(c) and relativistic potential-energy
formula V(c) as well as relativistic total-energy formula H(c) in Einstein’s theory of
general relativity are the energy formulae in the observational spacetime Xd(c) of
the optical observational agent OA(c); the classical kinetic-energy formula K. and
classical potential-energy formula V.. as well as classical total-energy formula Ho in
Newton’s theory of universal gravitation are the energy formulae in the idealized
spacetime X%, of the idealized observational agent OA... Now, they have been
generalized and unified into the GOR energy formulae in the GOR observational
spacetime X*(n) of the general observation agent OA(7), becoming the special
cases of GOR energy formulae in the theory of GOR.

20.4.3 The Unification of the Motion Equations
of the Celestial Two-Body System (M,m)

Before Einstein had established the theory of general relativity, astrophysicists
built the classical motion equation of the celestial two-body system (M,m) based on
Newton’s theory of universal gravitation, that is:

d’u GM
+Uu=—+
do’ he
where the trajectory of the moving object m is a standard conic curve, the celestial
body M as the gravitational source is located at a focus of the conic curve; in terms
of a star M and a planet m, the trajectory of m is a closed ellipse, and therefore, the
planet m has no orbital precession or perihelion precession.

Later, Einstein built the relativistic motion equation of the celestial two-body
system (M,m) based on his theory of general relativity, that is:

Newton’s celestial motion equation (16.5):

2 h2
Einstein’s celestial motion equation (16.33): S_L: +U= c;—’;/l(lJr 3—2K u’
¢ K c

where, compared with Newton’s celestial motion equation (16.5), Einstein’s

celestial motion equation (16.33) has one more term on the right end: 3GM/c?r?
(r=1/u), and therefore, the trajectory of m is no longer a standard conic curve.

As far as the star M and the planet m are concerned, in Einstein’s celestial
motion equation (16.33), the trajectory of the planet m is no longer a closed ellipse,
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where 3GM/c?r? can be referred to as the orbital-precession term of planets, and
could be employed to predict Mercury’s orbital precession or perihelion precession
of about 43" every 100 years.

So, people believe in Einstein’s theory of general relativity.

However, as clarified in Chapter 16, Einstein’s celestial motion equation (16.33)
cannot predict the objective and real precession of planet orbits. The so-called
Mercury’s orbital precession or perihelion precession of about 43" every 100 years
predicted by Einstein’s celestial motion equation is actually the observational effect
and apparent phenomenon of the optical observation agent OA(c), rooted from the
observational locality (c<oo) of OA(C).

In Chapter 16, under the principle of GC, by analogizing logic of Einstein’s
celestial motion equation (16.33), the theory of GOR has derived the GOR celestial
motion equation (16.64) in the gravitational spacetime X*d(7) of the general
observation agent OA(#), that is:

2 2

The GOR celestial motion equation (16.64): g li +Uu= C:ZA (1+%u2]

4 K}
where, like Einstein’s celestial motion equation (16.33), the GOR celestial motion
equation (16.64) also contains the orbital-precession term of planets: 3GM/#7r?
(r=1/u). Thus, the GOR celestial motion equation (16.64) could also be employed to
predict the orbital precession of planets.

However, under different observation agents, the same planet m, would present
different degrees of orbital precession. This fact suggests that the orbital-precession
term3GM/7?r? of planets in Eq. (16.64) does not represent the objective and real
precession of planet orbits, but the observational effect and apparent phenomenon of
the observation agent OA( ), caused by the observational locality (7<) of OA(7).

Naturally, if n—c, then the GOR celestial motion equation (16.64) would
strictly converge to Einstein’s celestial motion equation (16.33):

2 2
0A(c): limEM (1+ﬂu2j: CM [“%‘sz (20.16)
c

n—c hé 2 hi

In particular, if 7—o0, then the GOR celestial motion equation (16.64) would
strictly converge to Newton’s celestial motion equation (16.5):

2
oA, : limSM (1+%u2J—GM (20.17)
n

® 2 Y
n—>0 hK hK

So, as shown in the row 20.1-7 of Tab. 20.1, the GOR celestial motion equation
has generalized and unified Einstein’s celestial motion equation and Newton’s
celestial motion equation. Einstein’s celestial motion equation belongs to the optical
agent OA(c); Newton’s celestial motion equation belongs to the idealized agent OA...
Now, both of them have been generalized and unified into the GOR celestial motion
equation under the general observation agent OA(7), becoming the special cases of
the GOR celestial motion equation in the theory of GOR.
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20.4.4 The Unification of
the Precession Equations of Planet Orbits

According to Newton’s celestial motion equation (16.5), the orbit of a planet is a
standard and closed ellipse, and therefore, as far as the celestial two-body system
(M,m)=(Star,Planet) is concerned, the planet m has no the orbital precession or
perihelion precession: Apn=0 (see Sec. 16.2.3 of Chapter 16).

According to Einstein’s celestial motion equation (16.33), the orbit of a planet is
not a standard and closed ellipses, and therefore, the planet m has the orbital
precession and perihelion precession: Ape=67G?M?/c?hk?, as shown in Eq. (16.38).
According to the calculation of Eq. (16.38), Mercury’s orbital or perihelion would
precesses about 43 arc second every 100 years.

After all, according to the actual observations, Mercury moving around the sun
always exhibits the orbital precession or perihelion precession. So, people believe
that Einstein’s formula for the orbital precession of planets is better than Newton’s.

However, according to the theory of GOR, under different observation agents,
the same planet m would exhibit different degrees of orbital precession. The
difference between Newton and Einstein’s formula for the orbital precession of
planets is the observational difference between different observation agents, that is,
the observational difference between the idealized agent OA. and the optical agent
OA(c), which does not mean that Einstein is right, nor that Newton is wrong.

In Chapter 16, under the principle of GC, by analogizing the logic of Einstein’s
formula for the orbital precession of planets, the theory the GOR has derived the
GOR formula (Eqg. (16.68)) for the orbital precession of planets under the general
observation agent OA(#7), in which the precession rate of the planet m depends on
the information-wave speed 7 of OA(7): Ap(17)=672G2M?/?hi?.

Like the other formulae in the theory of GOR, if n—c, then the GOR precession
equation (16.68) of planet orbits would strictly converges to Einstein’s precession
equation (16.38) of planet orbits; if 7—o0, then the GOR precession equation (16.68)
of planet orbits would strictly converges to Newton’s precession equation (see Sec.
16.2.3) of planet orbits.

Just as it is expressed in the following equation (20.18):

_GHGZMZ

OA(n): A = d
(n): Agln)==z7—ra

67G°M? B 67G*M?

OA(c): limaA =lim = 20.18
( ) ¢ w(n) n—C 772h'§ Czhi ( )
. . 67G*M?
OA_ : IlimA =lim———=0
« 7]I4>ao (p(n) 7]I~>ao nzhé

So, as shown in the row 20.1-8 of Tab. 20.1, the GOR precession equation of
planet orbits has generalized and unified Einstein’s precession equation of planet
orbits and Newton’s precession equation of planet orbits. Einstein’s precession
equation of planet orbits belongs to the optical agent OA(c); Newton’s precession
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equation of planet orbits belongs to the idealized agent OA.. Now, both of them
have been generalized and unified into the GOR precession equation of planet orbits
under the general observation agent OA(7), becoming the special cases of the GOR
precession equation of planet orbits in the theory of GOR.

20.4.5 The Unification of
the Equations of Gravitational Deflection

Based on Newton’s celestial motion equation (16.5), one could derive Newton’s
motion equation (17.7) of photons, and calculate Newton’s gravitational-deflection
angle oy of light: Sn=2GM/Rsc?. Based on Einstein’s celestial motion equation
(16.33), one could derive Einstein’s motion equation (17.22) of photons, and
calculate Einstein’s gravitational-deflection angle e of light: 5 =4GM/Rsc?.

Einstein’s gravitational-deflection angle ot of light is twice Newton’s 6, which
seems to be more in line with observation. Therefore, people believe that Einstein’s
gravitational-deflection equation of light is better than Newton’s. (It is worth noting
that the term observation here refers to optical observation, which is the observation
under the optical agent OA(c).)

However, according to the theory of GOR, under different observation agents,
light would exhibit different degrees of gravitational deflection. The difference
between Newton’s gravitational-deflection equation (17.7)) and Einstein’s
gravitational-deflection equation (17.22), or the difference between Newton’s
gravitational-deflection ~angle ov=2GM/Rsc? of light and Einstein’s
gravitational-deflection angle se=4GM/Rsc? of light, is the observational difference
between different observation agents, that is, the observational difference between
the idealized observation agent OA., and the optical observation agent OA(c), which
does not mean that Einstein is right, nor that Newton is wrong.

In Chapter 17, under the principle of GC, by analogizing the logic of Einstein’s
gravitational-deflection calculation, the theory of GOR has derived the GOR
gravitational-deflection equation of light under the general observation agent OA(7),
and then, as stated in Sec. 17.4.4 of Chapter 17, has made the calculation of the
GOR gravitational-deflection angle dcor=0d0a(; Of light:

(i) The case of the optical agent OA(7) (n=c): by solving the GOR motion
equation (17.30) of photons as n=c, one could have the gravitational
deflection angle of light sweeping over the sun M:

4GM
Foor = Oon) =z (17C) (20.19)

S

where the photon m is both the observed object P and the informon of OA(c); the
speed c of light is both the motion speed of m as the observed object P and the
information-wave speed of the optical agent OA(c).

(i) the case of the superluminal agent OA(7) (77>>c): by solving the GOR
motion equation (17.31) of photons as #n>>c, one could have the
gravitational deflection angle of light sweeping over the sun M:
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2GM c’

Ssor =50A(r7) - R.C? [1"' 3c2 +2772] (n>c) (20.20)
where the photon m is the observed object P, but not the informon of OA(#); the
speed c¢ of light is the motion speed of m as the observed object P, but not the
information-wave speed of the observation agent OA(7).

Naturally, if 7—c, then the GOR gravitational-deflection angle dcor=0d0a(;) (EQ.
(20.19)) of light would strictly converge to Einstein’s gravitational-deflection angle
Ok (Eq. (17.25)) of light:

_4GM

2

OA(C): 8z =op =liMa,,, (20.21)

nc OAl) R;C

In particular, if 7—o0, then the GOR gravitational-deflection angle Scor=d0A(n)

(Eg. (20.20)) of light would strictly converge to Newton’s gravitational-deflection
angle on (Eq. (17.12)) of light:

OA,: &, =0, =lima,,,

2GM % 2GM (20.22)
[ 3c? +2772J R,C’

So, as shown in the row 20.1-9 of Tab. 20.1, the GOR gravitational-deflection
equation of light has generalized and unified Einstein’s gravitational-deflection
equation of light and Newton’s gravitational-deflection equation of light. Einstein’s
gravitational-deflection equation of light belongs to the optical agent OA(c);
Newton’s gravitational-deflection equation of light belongs to the idealized agent
OA.. Now, both of them have been generalized and unified into the GOR
gravitational-deflection equation of light under the general observation agent OA(7),
becoming the special cases of the GOR gravitational-deflection equation of light in
the theory of GOR.

20.4.6 The Unification of
the Equations of Gravitational Redshift
As stated in Chapter 18, based on his theory of general relativity, Einstein

derived the gravitational-redshift equation (18.10) of light, that is, Einstein’s
gravitational-redshift equation of light:

r — 2
Einstein’s redshift (Eq. (18.10)): Z, 1 V(%) (900 1+2y/c j
gOO(rA) l:_GM/r

Taking the observers on the earth observing the solar spectrum as an example,
according to Einstein’s gravitational-redshift equation (18.10) of light, Einstein’s
redshift Ze of the solar spectrum from the sun to the earth is as shown in Eq. (18.11):
Ze~—GMg/Rsc?~—2.12x1078, which is consistent with observation.

Based on Newton’s theory of universal gravitation, one could also build the
gravitational-redshift equation of light. As stated in Chapter 18, the current
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Newtonian formula for the gravitational redshift of light is:

. . GM(1 1
Pseudo Newtonian redshift (Eq. (18.20)): Z,, = —z(r— _r_]
B A
The pseudo Newtonian gravitational-redshift equation (Eqg. (18.20)) of light is
approximate to Einstein’s gravitational-redshift equation (18.10) of light, as far as
the earth’s observers observing the solar spectrum are concerned, the Zg and the Zpn
are not distinguishable in observation.

As stated in Chapter 18, Eq. (18.20) is not the true Newtonian theory of
gravitational redshift, but a hybrid of Newton’s classical mechanics, Einstein’s
relativity theory, and even quantum theory.

Under the principle of conservation of energy, Chapter 18 has established the
gravitational-redshift theory of light, which is purely based on Newton’s classical
mechanics, and can be formally referred to as Newton’s gravitational-redshift
equation of light as described in Eq. (18.34):

Newton’s redshift (Eq. (18.34)): Z, = %(i —iJ
e +2GM\rp 1,

As far as the earth’s observers observing the solar spectrum are concerned,
Newton’s gravitational redshift Zy~—2GMSs/Rsc? of light is not equal or approximate
to Einstein’s gravitational redshift Ze~—GMs/Rsc? of light. This suggests that,
similar to the case in the gravitational-deflection problem of light, the gravitational
redshifts presented by the idealized observation agent OA. and the optical
observation agent OA(c) are also different.

In Chapter 18, under the principle of conservation of energy, the theory of GOR
has built the GOR gravitational-redshift theory (see Sec. 18.4 of Chapter 18), and
has derived the GOR gravitational-redshift equation of light:

7 -7 _ %/\/goo(rs)_]/\/goo(rA)

GOR OA(n) — KF,]/moUZ _(]_—]/M) (20.23)

(KFU =(1”(77)|l:0 —1)m0772; goo(r)=1+f7—f; Z(r)=—GTM]

Naturally, as stated in Sec. 18.4.3 of Chapter 18, if ©7—c, then the GOR
gravitational-redshift equation (20.23) of light would strictly converge to Einstein’s
gravitational-redshift equation (18.10) of light:

: : -1 2
!llgg Ke, = !Ilm(l—F |Fo)m”77

= Iim(l—Jl—cz/n2 )mﬁ;y2 =mc® =m,c’

n—C

(20.24a)
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OA(C): Zg=Zyp = Iril_r:rg Zontn)

_jim M7 /9o (1) = M7 /9o (12)
Ky, —(1—1/M)m0772
_ mocz/«/goo(rs) —mocz/«/goo(rA) . ./goo(rB)
m,c? —(1—]7/«/900(r8))moc2 \/goo(rA)

In particular, as stated in Sec. 18.4.3 of Chapter 18, if n—o0, then the GOR
gravitational-redshift equation (20.23) of light would strictly converge to Newton’s
gravitational-redshift equation (18.34) of light:

OA(c)

(20.24b)

limK,, =lim(7,. —1)m7n?
n—>0 n—0

) (20.25a)

= lim mUUZ/Vgoo(rB) —monz/\/goo(rA)
—r Ke, _(1_]7/\/900(r5))mo772

(1+GM/rB772)_(1+GM/rA772)

n— ¢’/2n* +GM /ryn’
— ﬂ i _ i 20.25b
r,c’+2GM \r, 1, (20.25D)

So, as shown in the row 20.1-10 of Tab. 20.1, the GOR gravitational-redshift
theory has generalized and unified Einstein’s gravitational-redshift theory and
Newton’s gravitational-redshift theory. Einstein’s gravitational-redshift theory
belongs to the optical agent OA(c); Newton’s gravitational-redshift theory belongs
to the idealized agent OA... Now, both of them have been generalized and unified
into the GOR gravitational-redshift theory under the general observation agent
OA(n), becoming the special cases of the GOR gravitational-redshift theory in the
theory of GOR.

20.5 The Unity of the Information-Wave Equations

As stated in Chapter 19, based on his theory of general relativity, Einstein
derived an important wave equation:

- 10°
VI, (€)= S5z (€)=0
¢ . (20.26)
h‘ﬂv(c)zhﬂv(c)—inﬂvh(c) (hzh;;:nWhW)
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In Eq. (20.26), the wave function h-,.(c) is referred to as the metric-perturbation
tensor and is defined by the curved metric h,,, which is related with the Newtonian
gravitational potential y: h,,~y. Accordingly, Einstein believed that the wave
function h=,,(c) in Eqg. (20.26) represented gravitational radiation, and called it
Gravitational Wave. Meanwhile, according to Eq. (20.26), the wave speed of
h=..(c) is the speed c of light in vacuum. From this, Einstein made the famous
prediction: there are gravitational waves in gravitational spacetime, which propagate
at the speed c of light in vacuum.

In this way, Einstein’s specious prediction of gravitational waves was born.

However, as the theory of GOR has already clarified: Einstein’s prediction of
gravitational waves was a historic mistake!

Actually, the wave function h=,,(c) in Einstein’s wave equation (20.26) is not
gravitational radiation, let alone a gravitational wave, but the information wave of
the optical observation agent OA(c) that transmits the information of observed
objects for observers, that is, light, naturally travelling at the speed c of light.

In Chapter 19, under the principle of GC, by analogizing the logic of Einstein’s
wave equation, the theory of GOR has derived the wave equation (19.15) in the
gravitational spacetime Xd(7) of the general observation agent OA(7):

_ 10 .
Vo, ()= =z (1) =0
d (20.27)

- l 1 v
W (1) =Ny, (1) =5 muh(n) (h=hi =0, )

The GOR wave equation (20.27), exactly the GOR information-wave equation,
is isomorphically consistent with Einstein’s wave equation (20.26).

It is worth noting that: the wave function h-,,=h=,.(7) in the GOR wave
equation (20.27) depends on observation, depends on the observation agent OA(7),
and depends on the information-wave speed 7 of OA(7); moreover, the speed of the
wave in the wave function h=,,=h,.(7) is exactly the information-wave speed 7 of
the observation agent OA(7).

The theory of GOR does not doubt the existence of gravitational waves.

However, the objectively gravitational radiation or gravitational waves must not
rely on observation, and the intrinsic speed of gravitational radiation or gravitational
waves must be unique and definite. If the wave function h~,,=h=,.(n) in the GOR
wave equation (20.27) was interpreted as Gravitational Wave following Einstein’s
logic, then, under different observation agents, the same gravitational wave h~,
would represent different gravitational waves or would have different speeds.

Actually, with respect to the GOR wave equation (including Einstein’s wave
equation), the connection between the wave function h~,, and the Newtonian
gravitational potential y does not means that h-,, represents gravitational wave, but
only means that h-,, as the information wave of the observation agent OA(7) is
carrying the information () about gravitational radiation or gravitational interaction.
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So, the GOR wave function h ,,=h,,(7) (including Einstein’s wave function
h~.,=h",,(c)) does not represents gravitational radiation or gravitational wave, but
the information wave of the observation agent OA(7). The GOR wave equation
(including Einstein wave equation) is not the so-called gravitational-wave equation,
but the information-wave equation of OA(7).

In Sec. 19.3.2 of Chapter 19, the theory of GOR has already clarified that: if
n—c, then the GOR wave equation (20.27) would strictly converge to Einstein’s
wave equation (20.26):

i 2 1 ¢° h- . 10 h
OA(e): Jim) VT, ()= o M (1) = VI (€) = 7 52 W (€) (2026)

There should be also the information-wave equation in Newton’s gravitational

spacetime, where the information-wave speed is infinite.

In Sec. 19.3.2 of Chapter 19, the theory of GOR has already clarified that: if
n—o, then the GOR wave equation (20.27) would strictly converges to Newton’s
wave equation, that is, the vacuum form of the Poisson equation of Newton’s law of
universal gravitation, known as Laplace equation:

2
OA,: lim {Vzhw - iza—z h™. j =v*h",,
n° ot

n—>0

(20.29)
thatis V*h™,, =0 or V’y=0

So, as shown in the row 20.1-11 of Tab. 20.1, the GOR information-wave
equation has generalized and unified Einstein’s wave equation and Newton’s wave
equation. Einstein’s information-wave equation belongs to the optical agent OA(c);
Newton’s information-wave equation belongs to the idealized agent OA... Now, both
of them have been generalized and unified into the GOR information-wave equation
under the general observation agent OA(7), becoming the special cases of the GOR
information-wave equation in the theory of GOR.
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Table 20.1. The Generality and Unity of Newton and Einstein in the theory of GOR

The Theory of GOR
(the general observation agent OA(7))

Einstein’s General Relativity
(the optical agent OA(c): 7—c)

Newton’s Gravitational Theory
(the idealized agent OAx: 77— )

OA(7) and GOR spacetime X*(7):

OA(c) and Minkowski spacetime X*d(c) :

OA.. and Cartesian spacetime X*, :

N x° = oot
0 Yl v w2y 3
X=x,x*=y,x*=12

x° =nt X° = ct
3 X““(n)i{1 2y } X““(C):{1 s }
o OA X =XX=y,X =27 oA X =XX=y,X =z OA —
o (n)= ds* =g, dx“dx” (¢)= ds* =g, dx“dx” dt=dr
P a dI:\[dx2+d 2 1dz?
(gyvzg,uv(x ’77)) (g#V:gW(X ,C)) y

The GOR factor The Einstein factor: y=77(c) The Newtonian factor: 7"

of spacetime transformation: 7"=1"(7) y=r(c)=limr(y) r, =limr(n)
o 1 e oo
. r=r(n= 1 ) 1
S = =lim =1
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The GOR field equation:

Einstein’s field equation:

Newton’s field equation:

2 2 2
n c Viy =4nG
Dlyv (ﬂ):_?KGORT}IV(n) DZ;:V (0)27?KET‘HV (C) z p
07,, =0 (uv=00)
it n’ 1 c? 1 0¥y = —47Gp
P 02w E?[RW —EQ,WRJ O v E?(Rﬂv _Eg‘”Rj 00 )
sV OXo = -Vy
=8xG/n* =87G/c* . .
Kon =87G/11 % =826/ As 11—, the GOR field equation converges
As n—c, the GOR field equation converges | to Newton’s law of universal gravitation in
to Einstein’s field equation. the form of Poisson equation.
The GOR motion equation: Einstein’s motion equation: Newton’s motion equation:
(i.e., the GOR geodesic equation) d?x” o dxe dx” d2t d2x o .
dz ] d ad B 2 ;ﬂ( ) 7:0 7220 and 22— i (|=1,2,3)
X (77 LLZO ds ds ds dr dr OX
2 aff
ds ds ds (14=012,3) As n—>o0, the GOR motion equation splits
<t _ H H H .
3 (#=01,23) As n->c, the GOR motion equation into~ two |n-dependent relations:  the
o L . . time-element dt; the space-element dr which
139 converges to Einstein’s motion equation.

converges or reduces to Newton’s law of
universal gravitation in the form of the
second law:
Fie-m (i=123)
oX
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The GOR metric and line-element:

Einstein’s metric and line-element:

Newton’s metric and line-element:

900(77):1+27(/772 gOO(C):1+ ZZ/CZ g,uv :,Ili_'llgyv(n):mw
9u(n)= (1+ 22/n?)" g ()= (l+ 27/c?)’ = diag(+1,~1,—r*,~r’sin*0)
UH?. g’”(n): 922( ) gw(c): 922( ) {dtz o 2 2 2
8 g33(77) —r?sin 0 933(0) —r?sin 0 dr° =dx +dy +dz
9, (7)=0 (u=v) 9,,(c)=0 (u=v) As n— oo, the GOR metric converges to the
Minkowski metric, and the line-element ds
ds?=(1+2 2)2dt2 — (142 2\ gr2 ds? = (1+27/c2)c2dt? —(1+ 24 /c?) " dr? splits into two independent relation: the
( #/ )77 ( 2/ ) ( z/ ) ( %l ) time-element dt and the space-element dr.
—r’d#? —r?sin® 0d p* —r?d@? —r’sin® 6d ¢
The GOR energy of the observed object P: Einstein’s energy of the observed object P: Newton’s energy of the observed object P:
P’s kinetic K=K(7) and potential V=V(7): P’s kinetic K=K(c) and potential V=V/(c): P’s kinetic K=K and potential V=V.:
K=K(n) =(F(77)‘l=0 —1)’“0772 K=K(c) =(F(C)‘l:0 —1)’“002 K=K, :%mocv2 and V=V, =ym,
° V=V(n)= (1—1"(77)\V=0)m077Z V =V(c) =(1—F(C)\vzo)m002 As n—>w, the GOR kinetic energy K(z) and
! , _ . s _ potential energy V(7) converge to classical
§ P’s total energy H=H(): P's total e_nergy H=H(©) kinetic energy K. and classical potential
H=H(n)=K(n)+V(n) H = !,'LQ H(7)=H(c)=K(c)+V(c) energy V., respectively'
(£, o1 (), ) mon? =(r(©), T (@), )me’ limK(7)=K, and limV(7)=V.

P’s total energy H=H.:
H=IlimH(n)=H, =K_+V,
n—0
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The GOR motion equation of
celestial two-body system (M,m):

Einstein’s motion equation of
celestial two-body system (M,m):

Newton’s motion equation of
celestial two-body system (M,m):

As n—c, the GOR precession angle Agcor
of planet orbits converges to Einstein’s
precession angle Age of planet orbits.

2 2 2 2 d2u GM
= du2+u:G'Z/|(1+3thu2] dg+u=6y(l+%u2j o tU=—
S de hy n de hy c de he
N
As n—c, the GOR motion equation of | As n—oo, the GOR motion equation of
celestial bodies converges to Einstein’s | celestial bodies converges to Newton’s
motion equation of celestial bodies. motion equation of celestial bodies.
The GOR precession-angle equation Einstein’s precession-angle equation Newton’s precession-angle equation
of planet orbits: Agcor of planet orbits: Age of planet orbits: Agn
® 67G*M? . 67G*M? Apy =Apo, =limgp,, =0
- A@gor = A(/’OA(q) = 22 Age = A¢OA(C) = IWILTJA(/)OA(W) = c2h2 © e A
I 7" K As 1— oo, the GOR precession angle A@pcor

of planet orbits converges to Newton’s
precession angle Agn of planet orbits.
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20.1-9

The GOR gravitational-deflection angle
of light sweeping over the sun: dcor
in the case of the optical agent
OA(7n): n—c
4GM
Osor =9, =

OA(n) RSCZ

(n—c)

where the photon m is both the observed
object P and an informon of OA(c); the speed
¢ of light is both the speed of P and the speed
of the information wave of OA(c).

in the case of the superluminal agent

OA(n): n>>c

Sor = 50A(r7) (77 > C)

2GM c?
= 7|1+ 53 2
RsC 3¢+ 27

where the photon m is the observed object P,
but not an informon of OA(#); the speed c of
light is the speed of P, but not the speed of
the information wave of OA(7).

Einstein’s gravitational-deflection angle

of light sweeping over the sun: &

in the case of the optical agent

OA(7): n—c

Einstein’s gravitational-deflection equation is
a special case of GOR equation:

O = 60A(c) = LILTZ 50/-\(;,)
_4GM
RyC’

Newton’s gravitational-deflection angle

of light sweeping over the sun: &

in the case of the superluminal agent

OA(n): n>>c

Newton’s gravitational-deflection equation
is a special case of GOR equation:

Sy =8 =1liMm&,,

n—>0
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The GOR gravitational-redshift equation Einstein’s gravitational-redshift equation Newton’s gravitational-redshift equation
of light: Zeor of light: Ze of light: Zn
Zoor = Zoa(y) ) /900("3) Zy=Zp, =limZ,,,
ZE :ZOA(C):LILQZOA(:])Zl_i n—®o
_ ]/\lgoo(rs)_]/\/goo(rA) goo(rA) - ZGMrB [1_1]
- 2 (1 rc2+2GM \r, r
- M BB (g220 210 ) ML
1 Ke, = (7,20 —~1)mn? o | As o, the GOR gravitational-redshift
IS ? As n-c, the GOR gravitational-redshift | equation of light converges to Newton’s
G (1) :1+21; 2(n) = _GMm equation of light converges to Einstein’s | gravitational-redshift equation of light.
2 r gravitational-redshift equation of light.
where 7 (=c) is the information-wave speed
of the general observation agent OA(7); the
speed c of light is the speed of the photon m
as the observed object P.
The GOR information-wave equation: Einstein’s information-wave equation: Newton’s information-wave equation:
1 2 2 Vzh— — VZ —
= VI, (1), () =0 Vi, (€) -5 2h,. () =0 w=0 or Vig=0
— n’ ot * c’ot® .
S As 7n—o, the GOR wave equation
o where the wave function h.(7) is the | As n—c, the GOR wave equation converges | converges to Newton’s wave equation.
metric-perturbation tensor under OA(7). to Einstein’s wave equation.

Notes: The theory of GOR has generalized and unified Einstein’s theory of general relativity and Newton’s theory of universal gravitation. All
formulae or relationships in the theory of GOR, as n—c, strictly converge to that of Einstein’s theory of general relativity; 7— oo, strictly converge to that
of Newton’s theory of universal gravitation. It is thus clear that the theory of GOR is logically consistent not only with Einstein’s theory of general relativity,
but also with Newton’s theory of universal gravitation. Moreover, such strict corresponding relationship between different theoretical systems, from one
aspect, confirms the logical self-consistency and theoretical validity of the theory of GOR.
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21 GOR and the Big Puzzles in Physics

Table 9.1 in Chapter 9 of the 15t volume of OR: Inertially Observational
Relativity (IOR) lists 15 big puzzles in modern physics, labelled with BP-01 to
BP-15, in which BP-01 to BP-08 mainly involve Einstein’s theory of special
relativity and de Broglie’s theory of matter waves or quantum mechanics, and have
been interpreted by the theory of IOR and the OR theory of matter waves in the 1%
volume of OR: Inertially Observational Relativity (IOR), providing new idea and
insight into Einstein’s theory of special relativity and de Broglie’s theory of matter
waves or even quantum mechanics. BP-09 to BP-15 mainly involve Einstein’s
theory of general relativity and the so-called Modern General Relativity. Now,
they can be interpreted by the theory of GOR in the 2™ volume of OR:
Gravitationally Observational Relativity (GOR), providing new idea and insight
into Einstein’s theory of general relativity and even the modern general relativity.

The theory of IOR in the 1%t volume of OR has revealed the essence of inertial
relativistic phenomena, where the core problem is: Why is the speed of light
invariant? Now, the theory of GOR in 2™ volume of OR has revealed the essence of
gravitational relativistic phenomena, where the core problem is: Why is the
spacetime of gravitation is curved?

In the big puzzle BP-03: The Essence of Relativistic Effects, the relativity
effects it states include both the inertial and the gravitational. According to the
statements in Sec. 9.4 of Chapter 9 in the 1% volume of OR and in Sec. 12.5 of
Chapter 12 in the 2™ volume of OR, the conclusion that All relativistic phenomena
are apparent phenomena is valid for both the theory of IOR in the 1%t volume of
OR and the theory of GOR in the 2" volume of OR.

With respect to the big puzzle BP-02: The Problem of Photon Mass, according
to the mass-speed relation (Eg. (5.5)) in the theory of IOR, as stated in Sec. 5.1.5 of
Chapter 5 and Sec. BP-02.3 of Chapter 9 in the 15t volume of OR, all matter particles,
including photons and gravitons, have their own rest masses. According to the
theory of I0R, the so-called rest mass is actually the intrinsic mass of matter, which
is the objective and real mass of matter. However, in the statement of the big puzzle
BP-02 The Problem of Photon Mass in the 1% volume of OR, the theory of IOR
fails to provide the theoretical prediction of photon mass.

In the 2" volume of OR, based on the GOR theory of gravitational redshift, the
theory of GOR has theoretically calculated the rest mass my of photons, and has
made the theoretical prediction for photons’ rest mass.

The GOR Prediction for Photon Weight (stated in Eq. (18.46)):

E = mc?

m=m=—=— 21.1
p=m= Z{Ezhf (21.)

where m is Einstein’s relativistic mass (moving mass) of photons, and E is Einstein’s
photon energy (the relativistic kinetic energy of photons). According to Einstein
formula: E=mc?; according to Planck equation: E=hf.
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It turns out that, the mass or rest mass m, of a photon is actually Einstein’s
relativistic mass m of a photon.

As state in Sec. 18.5 of Chapter 18 in the 2" volume of OR, the theoretical
value of photon rest mass in Eq. (21.1) is confirmed by observation and experiment
as well as the GOR theory of gravitational redshift.

Now, we have finally understood why experimental physicists tried their best
but still could not find the rest mass of photons [57:82:5],

In the 1% volume of OR: Gravitationally Observational Relativity (GOR),
the Sec. 18.5 GOR Gravitational Redshift and Photon Mass of Chapter 18 has
obtained the theoretical value of photon rest mass, and can be regarded as the further
interpretation for the big puzzle BP-02: The Problem of Photon Mass.

There are numerous big puzzles in modern physics, some of them could be
interpreted by the theory of IOR in the 1%t volume of OR, and some of them could be
interpreted by the theory of GOR in the 2" volume of OR.

The theory of 10R enables us to understand the inertial relativistic effects — why
the speed of light is invariant. The theory of GOR enables us to understand the
gravitational relativistic effects — why the spacetime of gravitation is curved.

From the perspective of the general observation agency OA(7), the theory of
IOR in the 1%t volume of OR has clarified and interpreted the big puzzles BP-01 to
BP-08 listed in Tab. 19.1. Now, from the perspective of the general observation
agent OA(7), the theory of GOR in 2" volume of OR will clarified and interpret the
big puzzles BP-09 to BP-15 listed in Tab. 19.1.

In the view of the theory of GOR, the universe might not have had a Big Bang.

BP-09 Why is Spacetime Curved?

BP-09.1 The Statement of the Problem

The Curvature of Spacetime (Einstein’s original intention): The existence of
matter or energy makes spacetime curved.

The concept of spacetime curvature was coined by Einstein.

In 1915, Einstein established the theory of general relativity [©l: in Einstein’s
view, matter or energy determines how spacetime is curved, and the curved
spacetime determines how matter moves.

Perhaps we can understand or imagine the curvature of space; however, it is
difficult for us to understand the curvature of spacetime, and in particular, it is
difficult for us to imagine how time is curved. Einstein’s theory of general relativity
has been established for over one hundred years, but we still cannot understand why
spacetime is curved and how spacetime is curved.

So, is spacetime curved or not, or why is spacetime curved?

This is the big puzzle marked as BP-09 in the theory of OR.
BP-09.2 The Mainstream View
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Actually, the curvature of spacetime is the logical consequence resulting from
the invariance of the light speed as the logical premise of Einstein’s theory of
general relativity. The mainstream school of physics could not explain why the
speed of light is invariant, and naturally, also could not explain why spacetime is
curved. It could only be attributed to the distribution of matter or energy.

But why does matter and energy make spacetime curved?

To this question, the mainstream school of physics will never have an answer.

BP-09.3 The View of GOR Theory

With regard to the problem of spacetime curvature, the theory of GOR has
clarified in Sec. 12.5 of Chapter 12 that spacetime is not really curved.

The theory of GOR has an important theorem, that is, the theorem of Cartesian
spacetime: as 7— o, gu—>n . and I(1n)—1 . The theorem of Cartesian spacetime
indicates that, under the idealized observation agent OA(7), the GOR spacetime
metric, no matter the inertial or the gravitational, would converge to the Minkowski
metric 7, =diag(+1,-1,-1,-1), and the GOR factor 7(7) of spacetime
transformation would converge to the Galilean factor /.=1.

The theorem of Cartesian spacetime means that, the objective and real spacetime
is the spacetime described by Galileo and Newton for us, which is flat rather than
curved, regardless of matter and energy.

Thus, the theory of GOR has realized that spacetime is not really curved.

According to the theory of GOR, the so-called spacetime curvature relies on
observation: under different observation agents, the observational spacetime has
different degrees of curvature; the so-called spacetime curvature is only an
observational effect or an apparent phenomenon of the observation agent OA(7): the
observation agent OA(#7) (n<owo) with the observation locality (7<) is like a
wide-angle lens, making gravitational spacetime appear somewhat curved or
deformed. As a matter of fact, the so-called spacetime curvature in Einstein’s theory
of general relativity is the observational effect and apparent phenomenon caused by
the observational locality c<oo) of the optical observation agent OA(c), which is
actually the effect of wide-angle lens.

According to the theory of GOR, according to the theorem of Cartesian
spacetime in the theory of GOR, the objective and real spacetime, including space
and time, is never curved.

The problem of gravitational-spacetime curvature, and even the problem of
gravitational relativistic effects, has been discussed in detail in Chapter 12.

BP-10 The Orbital Precession of Mercury

BP-10.1 The Statement of the Problem

The Problem of Mercury’s Orbital Precession: Suppose that the planet m
moves around the star M. Under the idealized conditions, the orbit of the planet m is
a standard and closed ellipse; but in reality, the orbit of the planet m is always
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insistently precessing. Taking Mercury as an example, the observational data from
the optical astronomy shows that the precession rate of Mercury’s orbit around the
sun reaches 5600.73 arc seconds every 100 years. However, the point is not whether
Mercury’ orbit precesses, or whether Mercury’s orbit precesses at the rate of
5600.73 arc seconds every 100 years. The point is that Newton’s celestial two-body
model (M,m) based on Newton’s theory of universal gravitation has no the orbital
precession of Mercury, while Einstein’s celestial two-body model (M,m) based on
Einstein’s theory of general relativity has the orbital precession of Mercury: 43.03
arc seconds every 100 years.

So, who is right, Newton or Einstein?
This is the big puzzle marked as BP-10 in the theory of OR.

BP-10.2 The Mainstream View

As stated in Chapter 16, Newton’s celestial two-body model (M,m) is idealized:
(i) the gravitation of the star M is action at a distance, and the speed of gravitational
radiation is infinite; (ii) the observation agent of observers is the idealized agent
OA.., and the speed of the information wave of OA. transmitting the information on
the planet m is also infinite. So, the orbit of the planet m in Newton’s celestial
two-body model (M,m) is a standard and closed ellipse and could not predict the
orbital precession of Mercury. Actually, in considering the non-idealized factors, for
example, the precession of the equinoxes caused by the non-inertial geocentric
coordinate system and the perturbation made by other celestial bodies to Mercury,
Newton’s theory of universal gravitation could also calculate that Mercury’s orbit
precesses at the rate of 5557.62 arc seconds every 100 years. Finally, out of the
5600.73 arc seconds recorded in astronomical observation data, only 43.11 arc
seconds remained to be determined.

Coincidentally, Mercury’s orbital-precession rate of 43.03 arc seconds every
100 years in Einstein’s celestial two-body model (M,m) accurately fills this gap.

For this result, in a letter to his 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.”

The mainstream school of physics generally believes that, as far as the

prediction of Mercury’s orbital precession is concerned, Einstein’s theory of general
relativity is better than Newton’s theory of universal gravitation.

BP-10.3 The View of GOR Theory
There are many doubts about the views of the mainstream school of physics.

Einstein’s prediction of the 43.03" is less than 0.8% of the 5600.73"” recorded in
astronomical observation, and could almost be included in the observational error.
Inexplicably, why could not Einstein’s theory of general relativity predict Mercury’s
orbital precession of the actual 5557.62" every 100 years?

According to the theory of GOR, as clarified in Chapter 16, both Newton’s
classical two-body model and Einstein’s relativistic two-body model are the
idealized motion models of celestial bodies, where there is no prior knowledge and
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information (such as the influence of non-inertial geocentric coordinate system or
the perturbation of other celestial bodies) available to predict the actual orbital
precession of planets or Mercury.

The theory of GOR has built the GOR celestial two-body model (M,m) (Eq.
(16.64)) for the general observation agent OA(7), and then, has derived the GOR
planetary-precession equation (16.68).

The GOR Motion Equation (16.64) of Planets:

d’u GM 3n: , 1
—2+U:—2 l+—2U Uu=-—
do hy n r

where G is the gravitational constant, M is the mass of the star, hk is the velocity
moment of the planet m orbiting the star M.

The GOR Orbital-Precession Equation (16.68) of Planets:

67G*M?
Ag, n)=———
GOR ( ) nzhé

where Apcor(7) is the orbital-precession angle of the planet m under the general
observation agent OA(7).

The GOR orbital-precession equation (16.68) of planets shows that the orbital
precession angle Apcor=A@cor(77) depends on the information-wave speed 7 of the
observation agent OA(7): under different observation agents, for the same two-body
system (M,m) of celestial bodies, the planet m would exhibit different orbital
precession angles.

It is worth noting that the GOR orbital-precession angle Apcor(7) (EQ. (16.68))
of planets has generalized Einstein’s precession angle Agpe=A@cor(C) and Newton’s
precession angle Agpn=A@cor():

_ 67G*M?
8 =Ap(c) =M Age, ('ﬁ—W (21.2)

Apy =Ap, = limApgeg (17) =0

where Age is Einstein’s planetary precession angle, i.e., the precession angle under
Apcor(c) the optical agent OA(c); Apn is Newton’s planetary precession angle, i.e.,
the precession angle Aggor(0) under the idealized agent OA...

It is thus clear that the so-called orbital precession presented in the GOR motion
equation (16.64) of planets, including Einstein’s motion equation of planet, is not
the objective and real precession of planet orbits, but in essence only an observation
effect or an apparent phenomenon caused by the observational locality (7<) of the
observation agent OA(7).

Einstein’s prediction of Mercury’s orbital precession, based on Einstein’s theory
of general theory, is actually only an observation effect caused by the observational
locality (c<oo) of the optical observation agent OA(c), rather than the actual orbital
precession of Mercury. Our astronomical observation data all come from optical
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observation, are the observation data of the optical agent OA(c); Einstein’s theory of
general relativity is exactly the theory of optical agent OA(c). Therefore, Einstein’s
prediction for Mercury’s orbital precession angle of the 43.03 arc seconds, based on
Einstein’s theory of general relativity, might indeed belong to Mercury’s orbital
precession angle of the 5600.73 arc seconds recorded by the optical astronomy.
Alternatively, as far as the problem of Mercury’s orbital precession is concerned,
there are indeed the optical observational effects in the historical records of
astronomical observation: Mercury’s perihelion precesses at the rate of 5600.73 arc
seconds every 100 years, of which 5557.62 arc seconds belong the actual perihelion
precession of Mercury, while the rest 43.11 arc seconds belong the observation
effects or apparent phenomena caused by the observational locality (c<w) of the
optical agent OA(c).

In this way, the actual orbital precession of Mercury and the historical data of
astronomical observation provide the strong support for the theory of GOR,
verifying the GOR prediction for the orbital precession of planets: in the Mercury’s
orbital-precession data of the 5600.73 arc seconds every 100 years recorded by the
optical observation agent OA(c), there is 43.11 arc seconds belonging to the
observation effects or apparent phenomena of OA(c) and rooted from the
observational locality (c<oo) of OA(c).

The detailed discussion for the problem of Mercury’s orbital precession has
made and stated in Chapter 16.

BP-11 The Gravitational Deflection of Light

BP-11.1 The Statement of the Problem

The Problem of Gravitational Deflection of Light: Based on the principle of
equivalence, Einstein predicted that light would be curved in gravitational spacetime,
which is known as Einstein’s prediction of the gravitational deflection of light.
Actually, Newton’s theory of universal gravitation could also draw the same
conclusion. Before the formal establishment of general relativity, Einstein’s
calculation of the gravitational deflection angle of light was the same as the
calculation based on Newton’s theory of universal gravitation. However, after the
formal establishment of general relativity, Einstein recalculated the gravitational
deflection angle of light based on his general theory, which was twice Newton’s.

So, who is right, Newton or Einstein?
This is the big puzzle marked as BP-11 in the theory of OR.

BP-11.2 The Mainstream View

Einstein proposed that, by taking advantage of total solar eclipses to observe the
starlight sweeping over the sun, the deflection angle of starlight could be determined,
thereby his prediction for gravitational deflection of light could be verified.

The theoretical values of Newton and Einstein are oy and g, respectively:
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5, 2 2M g 5 4O

= 21.3
"R’ RC (L3)

where, G is the of universal gravitational constant, M is the mass of the sun, and Rs
is the radius of the sun; 6n=0.875" is Newton’s deflection angle of starlight, while
6e=1.75" is Einstein’s deflection angle of starlight.

In 1919, the team led by British astronomer Eddington determined the starlight
deflection angle through a total solar eclipse to be §=1.61"+0.40", which tended to
support Einstein’s prediction for the gravitational deflection of light.

So far, almost all observations of total solar eclipses have tended to support
Einstein’s prediction for the gravitational deflection of light. Therefore, as far as the
gravitational deflection of light is concerned, the mainstream school of physics
believe that Einstein’s theory of general relativity is better and more accurate than
Newton’s theory of universal gravitation.

BP-11.3 The View of GOR Theory

It should be pointed out that:

(i) Einstein’s observation agent is the optical agent OA(C), the speed c of light
in Einstein’s deflection angle &k is not only the moving speed v (=c) of the
photon m as the observed object P, but also the information-wave speed 7
(=c) of the optical agent OA(c).

(ii) Newton’s observation agent is the idealized agent OA.,, the speed c of light
in Newton’s deflection angle oy is only the moving speed v (~c) of the
photon m as the observed object P, but not the information-wave speed 7
(=o0) of the idealized agent OA...

Actually, it is natural for astronomical observations (including the observation
of total solar eclipses) to support Einstein’s theory of general relativity, for
Einstein’s theory of general relativity is the product of the optical observation agent
OA(c), belonging to the theory of optical observation.

Human astronomy, including the optical and the radio, employs the optical
observation agent OA(c) to observe celestial phenomena.

The support of observation or experiment for Einstein’s prediction of the
gravitational deflection of light does not mean that Einstein’s theory of general
relativity is better or more accurate than Newton’s theory of universal gravitation,
let alone that Einstein’s theory of general relativity is more in line with the physical
reality than Newton’s theory of universal gravitation.

Newton’s theory of universal gravitation is the product of the idealized
observation agent OA.., belonging to the theory of idealized observation. If we could
employ the idealized agent OA.. to observe the starlight sweeping over the sun, then
we would find that the deflection angle of starlight is more in line with that
calculated or predicted by Newton’s theory of universal gravitation.

The idealized agent OA., describes the objective and real physical world.
In this regard, Newton’s theory of universal gravitation is more objective and in
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line with the objectively physical reality than Einstein’s theory of general relativity.

As stated in Sec. 17.4 of Chapter 17, based on the GOR two-body model of the
celestial system (M,m), i.e., the GOR motion equation of photons in gravitational
spacetime, where M is the sun and m is a photon, the theory of GOR could make the
theoretical calculation for the gravitational deflection angle of starlight sweeping
over the sun under the general observation agent OA(7): dcor=0J0A(7)-

According to the theory of GOR: as n—c, the GOR motion equation of photons
would reduce to Einstein’s motion equation of photons, and the GOR deflection
angle dcor=0doa(y) Of starlight would converge to Einstein’s deflection de=doa() of
starlight; as 7—o0, the GOR motion equation of photons would reduce to Newton’s
motion equation of photons, and the GOR deflection angle dcor=0d0a(; Of starlight
would converge to Newton’s deflection on=d0a() Of starlight. Due to the continuity
and monotonicity of the solution to the GOR motion equation of photons, the GOR
deflection angle dcor Of starlight should satisfy:

e 2 Feor (1) 2 3y (21.4)

where dcor=0cor(#7) depends on the observation agent OA(7). So, for the same
gravitational scene, under different observation agents, the starlight sweeping over
the sun must exhibit different degrees of gravitational deflection.

It is thus clear that different observation agents have different degrees of
gravitational deflection of light: Newton’s theory of universal gravitation describes
the gravitational deflection of light under the idealized observation agent OA..,
which is supported by objectively physical reality; Einstein’s theory of general
relativity describes the gravitational deflection of light under the optical observation
agent OA(c), which is supported by optical observation.

Anyway, the objective and real gravitational deflection of starlight must be more
in line with the predictions of Newton’s theory of universal gravitation.

The detailed discussion for the problem of the gravitational deflection of light
has made and stated in Chapter 17.

BP-12 The Gravitational Redshift of Light

BP-12.1 The Statement of the Problem

The Problem of Gravitational Redshift of Light: Based on the principle of
equivalence, Einstein predicted that the frequency of light would decay in
gravitational spacetime, which is known as Einstein’s prediction of the gravitational
redshift of light. Actually, Newton’s theory of universal gravitation could also draw
the same conclusion. As far as the problem of the gravitational redshift of light is
concerned, Einstein’s prediction and Newton’s prediction seem to be the same or
approximate, with only differences in second-order approximation, which has no the
observational distinguishability.

People are accustomed to comparing Einstein’s theory of general relativity with
Newton’s theory of universal gravitation. However, it is difficult for observation and
experiment to identify or determine which one is better or more accurate on the
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second-order small scale.
So, why is this?
This is the big puzzle marked as BP-12 in the theory of OR.

BP-12.2 The Mainstream View

In any case, the theory of gravitational redshift has been verified and confirmed
by observations and experiments, for example, the observation of the solar spectrum
[152-154] and the gravitational-redshift experiment of Mdsshauer Effect [157-159]
However, these observations and experiments seem to support not only Einstein’s
theory of gravitational redshift but also Newton’s theory of gravitational redshift.

Whether for the observation of the solar spectrum or for the experiments of
Mdssbauer Effect, the observation agent is the optical observation agent OA(c).
Therefore, it is understandable that the observational conclusions of OA(c) support
Einstein’s theory of general relativity and Einstein’s prediction for the gravitational
redshift of light under OA(c); but it is somewhat unreasonable that the observational
conclusions of OA(c) supports Newton’s theory of universal gravitation and
Newton’s prediction for the gravitational redshift of light under OA...

The mainstream school of physics do not seem to fully understand the difference
between different observation agents.

The mainstream school of physics appears to be confused about Newton’s
prediction under the idealized agent OA. approximating Einstein’s prediction under
the optical agent OA(c). And so far, they have had no convincing answer.

BP-12.3 The View of GOR Theory

The theory of GOR has already clarified in Chapter 18 that the current so-called
the Newtonian formula (Eq. (18.20)) for the gravitational redshift of light is the
pseudo Newtonian gravitational-redshift equation, which is the mixture of Newton’s
theory of universal gravitation and Einstein’s theory of general relativity, as well as
guantum theory. This is why the pseudo Newtonian gravitational-redshift equation
(18.20) approximates Einstein’s gravitational-redshift.

Based on the viewpoint of the theory of GOR, the gravitational redshift of light
is the decay of photon kinetic energy, being the redshift of energy. Essentially, it is
the transformation of different forms of energy, following the principle of
conservation of energy.

Under the principle of conservation of energy, the theory of GOR has redefined
the concept of the gravitational redshift of light, which equivalently transforms the
definition for the frequency redshift of Z=Af/f into the definition for energy redshift:
Z=AK/K.

According to the definition of energy redshift: Z=AK/K, the theory of GOR has
deduced the gravitational-redshift equation of light purely based on Newton’s
classical mechanics and Newton’s law of universal gravitation, that is, the real
Newtonian gravitational-redshift equation of light.

Newton’s Gravitational-Redshift Equation (18.25) of Light:

326



2GMr, 1 1
Z,=———8 | ———
r,c’ + 2GM r,
where G is the grawtatlonal constant, M is the gravitational source; as shown in Fig.
18.2, ra and rg are respectively the distances of the points A and B from the
gravitational source M; Zy is the redshift of light at the point A relative to the point

B calculated purely by Newton’s classical mechanics and Newton’s law of universal
gravitation, that is, the real Newtonian gravitational redshift.

Newton’s gravitational-redshift equation (18.25) of light is different not only
from the pseudo Newtonian gravitational-redshift equation (18.20), but also from
Einstein’s gravitational-redshift equation (18.14) of light.

Einstein’s Gravitational-Redshift Equation (18.14) of Light:

ZE:l\/ 2GM/\/ ZGI\/I

where Ze is Einstein’s grav1tat10nal redshift of light.
The Pseudo Newtonian Gravitational-Redshift Equation (18.20) of Light:

GM(1 1
ZPN B ? (___]
c-\rg r,

where Ze is the pseudo Newtonian gravitational redshift of light.

According to the statement in Chapter 18, as far as the problem of gravitational
redshift for the solar spectrum:

Z.~Z,, and Z,=~2Z (21.5)
Thus, it is clear that the pseudo Newtonian gravitational redshift Zpy is the same
as or approximate to Einstein’s gravitational redshift Zg; the real Newtonian
gravitational redshift Zy is different from Einstein’s gravitational redshift Zg, but is
twice Einstein’s gravitational redshift: Zy=2Zg. This means that the gravitational
redshift of light observed by the optical agent OA(c) is different from the
gravitational redshift of light observed by the idealized agent OA...
Based on the definition Z=AK/K of energy redshift, the theory of GOR has
theoretically derived the gravitational-redshift equation (18.38) for the general
observation agent OA(n):

7. - AK, My7” /\9a0 (76) = M7/ {900 (1) (21.6)
K, Ke, ~ (11000 (1) ) my7? '

This is the GOR gravitational-redshift equation of light in theory of GOR.

As stated in Sec. 18.4.3 of Chapter 18, the GOR theory of gravitational redshift
has generalized and unified Einstein’s theory of gravitational redshift and Newton’s
theory of gravitational redshift: as n—c, the GOR gravitational-redshift equation
(18.38) or (21.6) of light would strictly converge to Einstein’s gravitational-redshift
equation (18.14) of light; as 7— o, the GOR gravitational-redshift equation (18.38)

327



or (21.6) would strictly converges to Newton’s gravitational-redshift equation (18.25)
of light. This not only reflects the logical self-consistency of the GOR theory of
gravitational redshift, but also confirms the theoretical validity of Newton
gravitational-redshift equation (18.25)). Meanwhile, the GOR gravitational-redshift
equation (18.38) or (21.6) of light indicates that, under different observation agents,
light would exhibit different degrees of gravitational redshift.

Like the problem of the gravitational deflection of light, it does not mean who is
right that Newton’s gravitational redshift Zy of light is different from Einstein’s
gravitational redshift Zg of light. It only means that the gravitational redshift
observed by different observation agents is different from each other. The difference
between Einstein’s gravitational redshift and Newton’s gravitational redshift is in
essence the difference between the optical agent OA(c) and the idealized agent OA..,
which belongs to the differences in observation rather than the differences in the
correctness of theories.

The observation of the solar spectrum [152-1541 and the experiment of gravitational
redshift based on M&sshauer Effect (157159 employing the optical agent OA(c) as
the observation agent, naturally support Einstein’s prediction of the gravitational
redshift of light. However, this does not mean that Einstein is right or Newton is
wrong. If we could employ the idealized agent OA. to observe the gravitational
redshift of the solar spectrum, then we would find out that the objective and real
gravitational redshift is more in line with Newton’s theory of gravitational redshift.

The detailed discussion for the problem of the gravitational redshift of light has
made and stated in Chapter 18.

BP-13 Gravitational Waves
BP-13.1 The Statement of the Problem

Einstein’s Prediction of Gravitational Waves: In 1916, Einstein derived a
wave equation from his field equation of general relativity, in which the wave in
gravitational spacetime propagates at the speed c of light in vacuum. Einstein
believed that the wave function in his wave equation represented gravitational
radiation and might be called Gravitational Wave for it was related with the
Newtonian gravitational radiation y. Therefore, the corresponding wave equation is
naturally referred to as the gravitational-wave equation.

This is Einstein’s famous prediction of gravitational waves, which is based on
Einstein’s theory of general relativity [164165],

In 2015, LIGO announced that it had detected gravitational waves %1, and
moreover, the speed of gravitational radiation or gravitational waves it detected was
exactly the speed c of light in vacuum as predicted by Einstein.

So far, the problem of gravitational waves seems to have been fully solved.

However, there are many doubts about Einstein’s prediction of gravitational
waves and about LIGO’s discovery of gravitational waves. The point is not whether
gravitational waves really exist, but the problems:

(i) Is the wave in Einstein’s wave equation really gravitational radiation or a
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gravitational wave? Or, did Einstein correctly predict gravitational waves?
(if) Did LIGO really detect gravitational radiation or gravitational waves?

(iii) Are gravitational waves really propagate at the speed c of light in vacuum as
predicted by Einstein or as detected by LIGO?

This is the big puzzle marked as BP-13 in the theory of OR.

BP-13.2 The Mainstream View

Constrained by the perspective of optical observation or the optical observation
agent OA(c), the mainstream school of physics believe that Einstein’s prediction of
gravitational waves, which is based on Einstein’s theory of general relativity, is
theoretically valid and correct with no doubt.

The theoretical supports for Einstein’s prediction of gravitational waves lie not
only in the wave equation derived from Einstein field equation, but also in the
retarded integral formula or retarded solution of Einstein field equation.

Einstein’s Retarded Integral Formula (19.6):

Xi _ X/i .
E C d3 i
X

h7 = —_— - -
v (C) 272_ | XI _Xn

Einstein’s Wave Equation (19.7):

2
o m(©2)=0

According to the retarded solution (Eq. (19.6)) of Einstein field equation,
Einstein concluded that gravitational interaction is not action at a distance: it takes
time to cross space and propagate at the speed ¢ of light in vacuum.

According to Einstein’s wave equation (19.7), the wave function h=,,=h",.(c,7)
is related with the Newtonian gravitational potential y. Accordingly, Einstein
believed that h=,.(c,y) represented gravitational radiation and could be named as
Gravitational Wave. Therefore, Einstein’s wave equation (19.7) is known as the
gravitational-wave equation, which suggests that Einstein’s gravitational waves
propagate exactly at the speed c of light in vacuum.

In order to test and verify Einstein’s prediction of gravitational waves, the
physics community has spent enormous manpower and material resources, as well
as over 100 years of time, of which the most large-scale and representative operation
is the LIGO project for detecting gravitational waves.

The mainstream school of physics as always firmly believe that Einstein theory
of general relativity and his prediction of gravitational waves are valid and correct.
All observations or experiments revolve around how to affirm or support Einstein’s
prediction of gravitational waves. Physicists strive to collect and even create the
evidences that are beneficial for Einstein’s prediction of gravitational waves.

It seems that no one has ever attempted to refute Einstein’s theory of general
relativity and his prediction of gravitational waves.

v, (6 7)
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It seems that the mission of physicists is not to test Einstein’s prediction of
gravitational waves, but to make the first discovery of gravitational waves, and so as
to win the Nobel Prize in Physics.

In 2015, LIGO announced the first discovery of gravitational waves (6%, and
moreover, the speed of the gravitational waves detected by LIGO was exactly the
speed c of light in vacuum, affirming Einstein’s prediction of gravitational waves.

Sure enough, the LIGO team was awarded the 2017 Nobel Prize in Physics.

BP-13.3 The View of GOR Theory

According to the theory of GOR, no matter Newton’s theory of universal
gravitation or Einstein’s theory of general relativity, no matter Newton’s law of
universal gravitation or Einstein’s field equation, has no prior knowledge or
information about the speed of gravitational radiation. Therefore, it is impossible for
both Newton’s theory and Einstein’s theory to deduce an equation of gravitational
waves or calculate the speed of gravitational waves.

Of course, the theory of GOR does not suspect the existence of gravitational
radiation or gravitational waves.

However, common sense tells us that the speed of gravitational radiation or
gravitational waves must be higher than the speed of light. Otherwise, how could
gravitational waves or gravitons escape from a black hole and interact with the
external matter through gravitational interaction?

I. Einstein Mistakenly Predicted Gravitational Waves
As clarified in Sec. 19.3 of Chapter 19, Einstein’s prediction of gravitational
waves is a historic mistake.

In Chapter 19, under the principle of GC, by analogizing and following the logic
of Einstein’s deducing the retarded integral formula (Eq. (19.6) and wave equation
(19.7) from Einstein field equation, the theory of GOR has derived the GOR
retarded integral formula and GOR wave equation under the general observation
agent OA(7).

The GOR Retarded Integral Formula (19.14):

T, (t_lx'x”l,xn,nj
™ (77) == K;O[R I X _77X/i | d*x"
The GOR Wave Equation (19.15):
1
772 ot?
where 7 is the information-wave speed of the general observation agent OA(#).

The GOR retarded integral formula and GOR wave equation derived from the
GOR field equation are isomorphically consistent with Einstein’s retarded integral
formula and wave equation, and has generalized Einstein’s retarded integral formula
and wave equation. Einstein’s retarded formula and wave equation are only special

Vzhiyv (77’)()_ hi//v (HIZ):O
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cases of the GOR retarded integral formula and GOR wave equation, which could
hold true only if the observation agent OA(#) is the optical agent OA(c).

It is worth noting that: for the GOR retarded integral formula and GOR wave
equation, the wave function h~,,=h,.(7,x) depends on the observation agent OA(#);
the wave speed is the information-wave 7 of OA(7).

This suggests that: the wave function h=,,,(#,) of the GOR wave equation is not
the so-called gravitational wave, but the information wave of the observation agent
OA(n). Only if OA(#) is the optical agent OA(c), the wave speed 7 could be the
speed c of light. The so-called retard or delay in the GOR retarded integral formula
is not the delay of gravitational radiation caused by the locality of gravitational
interaction, but the delay of observed information caused by the observational
locality (7<) of the observation agent OA(7).

Naturally, for the objective and real gravitational radiation or gravitational
waves, the wave speed is determined, does not rely on observation or observation
agents, which does not vary with the variation of observation agents.

Therefore, the so-called GOR wave equation is actually the information-wave
equation” of the general observation agent OA(r), rather than the gravitational-wave
equation. Einstein’s theory of general relativity is the theory of the optical agent
OA(c); Einstein’s wave equation (19.7) is only a special case of the GOR wave
equation (19.15), where the information wave is naturally the wave of light and the
wave speed is naturally the speed of light.

So, the theory of GOR has discovered that Einstein’s prediction of gravitational
waves was actually a mistake: Einstein mistakenly regarded the information wave of
the optical agent OA(c) in his wave equation as the wave of gravitational radiation.

Of course: it is not that there is no gravitational wave; but that the gravitational
waves predicted by Einstein are not gravitational waves.

Il1. LIGO Mistakenly Discovered Gravitational Waves

Since Einstein’s prediction of gravitational waves was a mistake, what should
the gravitational waves discovered by LIGO be?

has LIGO really discovered gravitational waves?

The theory of GOR does not doubt the existence of gravitational waves. In the
theory of GOR, the so-called gravitational wave refers to gravity or gravitational
radiation. In this regard, LIGO did indeed detect the gravity or gravitational waves
radiated by certain matter systems. However, they were not the gravitational waves
came from distant binary-blackhole systems; the so-called merging or coalescing
events of binary-blackhole systems are just the imagination of LIGO.

As clarified in Chapter 19, LIGO’s gravitational-wave detection is not strictly
empirical observation or experiment. LIGO’s detection relies half on listening and
half on guessing. The only thing we could affirm is that LIGO heard the chirping
sound from a certain matter system; while, the so-called binary-blackhole system
and the merging or coalescing events are only LIGO’s computer simulation of
virtual reality, which might not necessarily exist objectively.

The so-called discovery of LIGO is actually just a mistake!
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As clarified in Sec. 19.4 of Chapter 19, LIGO did not detect the gravitational
waves erupted from the coalescing events of binary-blackhole systems. Instead,
LIGO only detected some clumps of electromagnetic matter that swept over the
earth and disturbed the LIGO detector at close quarters: gamma-ray bursts, X-rays,
or other electromagnetic-particle clumps (EPCs) in various frequency bands, which
were the gravitational radiation signals emitted by such EPCs.

As depicted in Fig. 19.4: LIGO mistakenly regards the gravitational radiation of
EPCs at close range as the gravitational waves came from distant binary-blackhole
systems during merging or coalescing; LIGO mistakenly regards the moving speed
of EPCs as the speed of gravitational radiation.

I11. The Basic Judgement of GOR

In summary, based on the GOR information-wave equation (19.15), the theory
of GOR has had the following basic judgments:

(i) Einstein’s prediction of gravitational waves is a mistake

Einstein’s theory of general relativity is the theory of the optical agent OA(c).
The wave in Einstein’s wave equation (19.7) is not a gravitational wave, but the
information wave (light wave) of the optical agent OA(c), and therefore, the speed
of it is the speed c of light in vacuum. Einstein mistakenly treated the information
wave of OA(c) as the wave of gravitational radiation.

(ii) LIGO’s discovery of gravitational waves is a mistake

The gravitational radiation signals or gravitational waves detected by LIGO are
not gravitational waves erupted from the merging or coalescing events of
binary-blackhole systems, but the gravity or gravitational waves radiated by the
electromagnetic-particle clumps (EPCs) as matter systems as they swept over the
earth and disturbed the LIGO detector at close range. The gravitational field of EPCs
moves together with EPCs at the speed of light, but not that gravitational waves
propagate at the speed of light.

The theory of GOR does not suspect the existence of gravitational radiation or
gravitational waves. However, no matter Einstein’s theory of general relativity or
Newton’s theory of universal gravitation, or even the theory of GOR, has no prior
information about gravitational waves and the speed of gravitational radiation.
Therefore, it is impossible for Einstein and Newton and even GOR to deduce their
gravitational-wave equations, let alone calculate the speed of gravitational radiation.

One thing seems certain: the speed of gravity or gravitational radiation, or the
speed of gravitational waves, is not the speed of light.

Black holes are black because light or photons could not escape from them.
However, no matter how black a black hole is, the gravitational waves or gravitons
of it are not bound by itself. Suppose there is a huge black hole: according to the
theory of black hole, no matter how big it could be, it could still radiate the
gravitational waves or gravitons to the external spacetime. This suggests that the
gravitational waves or gravitons must have the speed that far higher than the speed
of light as calculated by Laplace I or Flandern [127],

Anyway, the speed of gravitational radiation or gravitational waves requires to
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be measured or determined by observation and experiment.

Physicists ever made arduous efforts to determine the speed of light. Perhaps,
the measurement or determination of the speed of gravitational radiation or
gravitational waves requires physicists to make more arduous efforts than measuring
or determining the speed of light.

The detailed discussion for Einstein’s prediction of gravitational waves and
LIGO’s detection of gravitational waves has made and stated in Chapter 19.

BP-14 Black Holes

BP-14.1 The Statement of the Problem

Black Holes: A class of celestial bodies with huge mass and huge density,
which are dark or black because light or photons could not escape from black holes,
and therefore, the observers outside black holes could not see or observe the light
emitted by black holes. According to the definition of the so-called modern general
relativity, a black hole refers to a celestial body whose spacetime curvature reaches
the point where light could not escape from its Event Horizon.

Einstein’s theory of general relativity has been established for over 100 years
since 1915. Now, Einstein’s theory of general relativity is called the classical
general relativity; while the so-called modern general relativity has newly been
developed on the basis of Einstein’s general relativity, which mainly involves the
important application of Einstein’s general relativity in cosmology and astrophysics,
such as gravitational waves, black holes, binary-star systems, and the theory of
guantum gravity. Nowadays, black holes play the important role in the modern
general relativity.

In 1916, Schwarzschild obtained the first exact solution of Einstein field
equation [ in which there is Schwarzschild’s line-element equation (15.8):
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where there are two singularities: r=0 and r=2GM/c?.
These two singularities are endowed with unique functions:
(i) The singularity r=0 of the big bang: leading to the Big Bang;
(ii) The singularity r=2GM/c? of a black hole: leading to the event horizon of
the black hole.

This reminds us once again of Hawking’s words in his A Brief History of Time:
From the Big Bang to Black Holes 1I: “Mathematics cannot really handle infinite
numbers. At singularity, the theory itself breaks down or fails.”

The Schwarzschild line-element equation (15.8) and the black-hole singularity
suggests that, as the radius r of a static spherically-symmetric celestial body is less
than 2GM/c?, an event horizon in the surrounding spacetime would be formed:
rs=2GM/c? — entering this horizon means falling into a black hole, even light or
photons could not escape from the black hole. Here, the horizon radius rs is called
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the Schwarzschild radius.

A black hole is a theoretical massive celestial object. In encyclopedias and
literature, black holes are often described as incredible celestial bodies or the most
mysterious natural phenomenon in the universe. The term black hole itself is
clothed upon with a strong mysterious hue, which meets people’s psychology of
seeking curiosity, and could be freely imagined.

Black holes are actually not mysterious, but they are much more massive than
other celestial bodies so that light or photons could not escape from them.

Without Einstein’s theory of general relativity and the Schwarzschild singularity,
Newton’s theory of universal gravitation could also produce the concept and theory
of black holes. Based on Newton’s law of universal gravitation, the larger the mass
of a celestial body, the stronger the gravity or gravitation of it, and the harder it is
for a moving object to escape from it. It could be imagined that, as a celestial body
is massive enough, it would become a black hole, even if light or photons moving at
an immense speed fall into its event horizon, it could also not escape.

Suppose there is a celestial body M, an object m moves at the speed v relative to
M, the initial distance between M and m is R, and m tends to escape from M and fly
towards the infinity. According to Newton classical mechanics:

I: Fsdr =J.w CMM 4 _Live so that R=2CM
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(21.7)

where Fg is the gravitational force exerted by the celestial body M on the moving
object m. According to Newton’s formula of escape speed: whether the moving
object m could escape from the celestial body M does not depend on the curvature of
spacetime, but depends on the gravitational F¢ between M and m.

If the moving object m is a photon, then v=c, R is the Schwarzschild radius.

It is thus clear that Newton’s theory of universal gravitation could also produce
the concept of black holes and deduce the theory of black holes.

Naturally, the theory of GOR could also deduce the theory of black holes.

Logically speaking, the existence of black holes seems to be reasonable, and the
concept and theory of black holes could be theoretically deducible. However,
whether the macroscopic matter motion or microscopic matter structure of black
holes, there are too many unknowns about black holes for us. We could not even be
completely certain whether black holes really exist.

At present, human astronomy, including the optical and the radio, is the
astronomy of the optical observation agent OA(c): we must employ light or
electromagnetic interaction as the observation medium to observe or measure
celestial phenomena or celestial motion. Naturally, the optical agent OA(c) could
not break through the optical horizon of black holes. With regard to black holes, we
have to guess: or based on Einstein’s theory of general of relativity, although it itself
is only a partial theory; or based on purely mathematical deduction, although lacking
clear and definite physical meaning. To this day, the black-hole theory of modern
general relativity still lacks sufficient empirical evidence.

So, black holes are still just a mystery to us.
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This is the big puzzle marked as BP-14 in the theory of OR.

BP-14.2 The Mainstream View

The black-hole theory of modern general relativity represents the viewpoint or
understanding of black holes held by the mainstream school of physics. The
mainstream school of physics have not recognized that Einstein’s theory of general
relativity is only a partial theory, and therefore, they do not think that, with regard to
the concept and theory of black holes based on Einstein’s theory of general relativity,
including the event horizon, gravitational singularity, photon sphere, accretion,
gravitational collapse, ergosphere, Hawking radiation or Hawking evaporation,
spacetime-coordinate transformation, and even black-hole thermodynamics, the
logical premises might have logical flaws from the very beginning, and as a result,
the logical consequences might not be valid or correct.

Perhaps because of this, some scholars have questioned the authenticity or
existence of black holes in recent years.

It is worth mentioning the research of American scholar Mersini-Houghton in
2014 [205208] “\which involved Hawking’s theory of radiation or evaporation. Like
Hawking, Mersini-Houghton also believes that the death and collapse of a star
would be accompanied by Hawking radiation or Hawking evaporation, which could
lead to the mass loss of the star. However, the difference is that Mersini-Houghton
has mathematically proved that the mass lost with Hawking radiation is quite large
so that the dead star could not form a black hole.

Thus, Mersini-Houghton concluded that black holes do not exist at all!

Actually, Mersini-Houghton’s theory, like theory of black holes, is also based on
Einstein’s theory of general relativity and even on the modern general relativity.
Therefore, Mersini-Houghton’s questioning of the black-hole theory is irrelevant to
whether the theory of black holes is valid and correct, which only means that the
modern general relativity, including the theory of black holes, logically lacks
consistency and self-consistency.

Nevertheless, the mainstream school of physics still believe that the black holes
in the black-hole theory of modern general relativity are the objectively physical
existence or the objectively celestial phenomena. Thus, the black-hole theory of
modern general relativity has derived many myths of black holes.

The Big Bang is exactly the most splendid myth of black holes.

BP-14.3 The View of GOR Theory

The theory of GOR repeatedly emphasizes that Newton’s theory of universal
gravitation and Einstein’s theory of general relativity are two partial theories of
gravitational interaction in physics: Einstein’s theory is that of the optical
observation agent OA(c), which would present the observation effects or apparent
phenomena of OA(c) and would be valid only as we observe the physical world with
light or the optical agent OA(c); Newton’s theory is that of the idealized observation
agent OA.,, which describes the objectively physical world.

Naturally, the black-hole theory of modern general relativity has been developed
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on the basis of Einstein’s theory of general relativity (the so-called classical general
relativity). So, why could not physics develop the black-hole theory on the basis of
Newton’s theory of universal gravitation?

The theory of GOR has generalized and unified the two great gravitational
theories of Newton and Einstein, providing us with the new insight into the theory of
black holes and into the reconstruction of the theory of black holes.

I.  Why are Black Holes Black?

As for why black holes are black, Einstein and Newton share the same view:
because light or photons could not escape from black holes.

So, why could not light or photons escape from black holes?

In this regard, the views of Einstein’s theory of general relativity and Newton’s
theory of universal gravitation are different. Einstein believed that it was due to the
curvature of spacetime: the spacetime in a black hole was too curved; Newton
believed that it was due to the universal gravitation: the mass of a black hole was too
great and hence had huge gravity.

We do not fully understand how the curved spacetime prevents light or photons
from escaping black holes, but we can understand that, under the enormous gravity,
all moving matter objects (including light or photons) might be bound by the huge
gravity of massive celestial bodies (such as a black hole). Of course, gravitational
waves or gravitons might or must be exceptions.

The theorem of Cartesian spacetime in the theory of GOR has proved that the
objective and real spacetime would never be curved.

We must abandon Einstein’s erroneous doctrine of spacetime curvature and
return to Newton’s right stand: the reason why the earth orbits the sun, the reason
why black holes are black, and the reason why light or photons could not escape
from black holes, is not due to spacetime curvature, but due to the effects of
universal gravitation, i.e., the gravitational interaction between matter and matter.

Il1. The Event Horizons of Different Observation Agents

According to the black-hole theory of modern general relativity, light or photons
could not pass through the event horizon of a black hole, so the observers outside the
event horizon could not see the black hole. Therefore, according to the black-hole
theory of modern general relativity, black holes could not be directly seen or
observed because they are dark and black.

However, according to the theory of Observational Relativity (OR), whether
black holes could be directly seen or observed does not depend on whether they are
black or how black they are, but depends on observers’ observation agents.

Einstein’s theory of general relativity is the theory of the optical observation
agent OA(c), under which observers see or observe the world through light. The
information wave of the optical agent OA(c) is light, which could not pass through
the event horizon of black holes, and therefore, could not transmit the information
inside black holes to the observers outside black holes. However, in the future, with
the progress and development of science and technology, human beings will master
the technology of superluminal observation agents, for example, the gravitational

336



observation agent OA(x). As the theory of OR repeatedly emphasizes, the
gravitational-wave speed x must be much higher than the speed ¢ of light, as
calculated by Laplace 3 or Flandern [*27], At that time, by taking advantage of the
gravitational observation agent OA(x), human beings will clearly see or observe the
scene inside the optical horizon of black holes.

Under the principle of GC, by analogizing or following the logic of
Schwarzschild’s solving Einstein field equation %, the theory of GOR has obtained
the exact solution (Eg. (15.32)) of the GOR field equation of static
spherically-symmetric gravitational spacetime under the general observation agent
OA(n), in which there is the GOR line-element equation (15.32):
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where there are also two singularities: r=0 and r=2GM/ 7.

The singularity r=2GM/r? of the general observation agent OA(7) can be
called the GOR black-hole singularity of the general observation agent OA(7),
which means that, as the radius r of the static spherically-symmetric celestial body
M is less than 2GM/ 77, the surrounding spacetime would form the OA(7) event
horizon: rs(77)=2GM/ 77 is the radius of OA(#) horizon — outside the OA(7) horizon
is the observable spacetime of OA(7); inside the OA(#7) horizon is the unobservable
black hole of OA(#7). Entering the OA(7) horizon means falling into the black hole
of OA(#), the information wave or informons of OA(7) could not pass through the
OA(#) horizon and could not transmit the information inside the OA(7) horizon to
the observers outside the OA(7) horizon.

In particular, suppose that OA(#7) is a superluminal observation agent: 7>c,
then the OA(#) event horizon represents a super blackhole: rs(7)=2GM/ 7?<rs(c).
Entering the OA(7) event horizon means falling into the super blackhole, even the
superluminal information wave or informons of OA(7) (n>c) could not pass
through the OA(#) horizon and could not transmit the information inside the OA(7)
horizon to the observers outside the OA(#) horizon.

It is obvious that rs(77)<rs(c)=2GM/c? (>c). Accordingly, a celestial body that
is black and unobservable for the optical agent OA(c) might not necessarily be black
or unobservable for a superluminal observation agent OA(#) (7>c).

It is thus clear that the so-called Event Horizon of a black hole depends on the
observation agents, and the radius rs=rs(#) of OA(#) event horizon is decided by the
information-wave speed 7 of the observation agent OA(7).

I11. To Reshape Black-Hole Theory with GOR

The theory of black holes is the product of modern general relativity.

Astrophysicist have made the theory of black holes based on Einstein’s theory of
general relativity, and furthermore, have made the theory of Big Bang based on the
theory of black holes. In this way, the so-called modern general relativity has been
formed. The theory of black holes and the theory of Big Bang made by the modern
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general relativity are actually built on the basis of Einstein’s theory of general
relativity. However, the mainstream school of physics has not realized that
Einstein’s theory of general relativity is only a partial theory of gravitational
interaction, which is valid only under the optical observation agent OA(c).

The theory of OR has already clarified that all relativistic effects, whether the
inertial or the gravitational, are observational effects and apparent phenomena, not
the objective and real natural phenomena or physical reality. The objectively
physical world is what described by Galileo and Newton for us. What Einstein’s
theory of relativity (whether the special or the general) described for us is only an
optical image of the objective world, containing the observational effects and
apparent phenomena of the optical observation agent OA(c), which does not
completely represent the objective and real physical world.

Einstein’s theory of general relativity is actually the partial theory of GOR
theory. Naturally, the theory of black holes based on Einstein’s theory of general
relativity could only be a partial theory under the optical observation agent OA(c).
In particular, it must have the limitations and contain erroneous understandings
rooted from Einstein’s theory of general relativity.

If black holes really exist, then we need to reshape the theory of black holes.
The theory of GOR has laid the base for the reshape of the black-hole theory.
As stated earlier, the theory of GOR can also deduce the theory of black holes.

Under the principle of GC, by analogizing and following the logic of modern
general relativity making the theory of black holes under the optical agent OA(c),
one would be able to build the GOR theory of black holes, that is, the black-hole
theory of the general observation agent OA(7).

It could be imagined that, as the black-hole theory of the general observation
agent OA(7), the GOR theory of black holes must be able to generalize and unify
the black-hole theory of the optical agent OA(c) and the black-hole theory of the
idealized agent OA.. In other words, it must be able to generalize and unify the
black-hole theory based on Einstein’s theory of general relativity and the black-hole
theory based on Newton’s theory of universal gravitation. In this way, the GOR
theory of black holes should be logically consistent with both Einstein’s theory of
black holes and Newton’s theory of black holes, and vice versa. Thus, the logical
rationality and theoretical validity of the black-hole theory of modern general
relativity would have to be tested by the GOR theory of black holes.

The GOR theory of black holes theory will undoubtedly provide new ideas and
new insights into the black-hole theory of modern general relativity.

Now, the concept of Gravitational Wave Astronomy has been formed [144. But
that is just a pseudo concept of gravitational wave astronomy, where the so-called
gravitational waves are not the real gravitational waves: the speed of gravitational
waves is limited to the speed of light. A pseudo gravitational wave or a pseudo
graviton moving at the speed of light could not break through the optical horizon of
black holes, and therefore could not become the superluminal observation agent.

In the future, only when they master the technology of the gravitational
observation agent OA(x) (the gravitational-wave speed x>>c) will human beings
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truly usher in gravitational wave astronomy. The gravitational observation agent
OA(x) will transmit the information inside the event horizon of super blackholes (no
matter how dark or how black they are) to the observers outside black holes.

At that time, we will know what the real black hole looks like.

BP-15 The Big Bang

BP-15.1 The Statement of the Problem

The Theory of Big Bang: At first, all matter in the universe curled up into one
point, with extremely high mass-density and temperature, approaching or reaching
the Big Bang singularity of Schwarzschild’s spherically-symmetric spacetime metric:
rs=0, where space and time were meaningless, and spacetime was in the state of
nothingness or nihility; Suddenly, there were a loud bang (no one could hear) and a
dazzling flash (no one could see), and all matter erupted violently outward. Then, a
new universe was born: the space began to expand; the time began to flow — until it
has been evolving into the universe of today.

The theory of the Big Bang is a myth, which is fascinating to talk about.
Let us briefly review the formation of the theory of Big Bang.

In 1927, Belgian cosmologist Lemaitre proposed a theory: a long long time ago,
the universe was a Primeval Atom (according to the law of conservation of matter,
it should have gathered all the matter including the mass and the energy in the
universe today), and afterwards, the Primeval Atom exploded, forming the
present-day universe. In 1929, American astronomer Hubble proposed Hubble’s law:
the spectrum of galaxies exhibits redshift phenomena, and the spectrum redshift of a
galaxy was proportional to the distance between the galaxy and the earth. Thereby,
Hubble inferred that all galaxies were moving away from the earth or from each
other, just like the scene during a huge explosion. This is Hubble’s doctrine of
cosmic expansion, which provides an excellent annotation to Lemaitre’s doctrine of
the Big Bang. In 1946, American physicist Gamow officially put forward the theory
of Big Bang. Gamow built the concept and theoretical model of the Hot Big Bang:
the universe had been formed by a Big Bang about 14 billion years ago. Later, with
a more refined calculation, the time of the birth of the universe was determined to be
13.8 billion years ago. In 1964, Penzias and Wilson discovered the cosmic
microwave background (CMB) predicted by the theory of Big Bang. Hubble’s law
and CMB are regarded as the key evidences for the theory of Big Bang.

Naturally, in order to explain how the universe have been evolving from a
Primeval Atom to the present-day universe, how the time began to flow from
stillness, and how the space began to expand from zero, the theory of Big Bang
could not be separated from Einstein’s theory of general relativity. In the theory of
Big Bang of modern general relativity, Lemaitre’s Primeval Atom evolved into the
singularity of Big Bang, also known as the Cosmic Singularity. Thus, the universe
or spacetime has possessed flexibility: the time could be slowed or sped; the space
could be shrunk or stretched. In this way, the time could begin to flow from
stagnation, and the space could begin to expand from zero.
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The mainstream school of physics firmly believes in the theory of the Big Bang.
However, the voice of questioning the theory of Big Bang have never stopped.

The simplest questions are often the most difficult questions for the theory of
Big Bang to answer.

Did the universe really need a starting point of space and time?
Could all matter in the universe really be squeezed into the Primeval Atom?
Was the Primeval Atom in motion or in motionless?

If the Primeval Atom was in motionless, then there was no the Big Bang in the
universe. If the Primeval Atom was in motion, then the spacetime would not be one
4d point: the 1d time would not be stopped into stagnation; the 3d space would not
be shrunk into the Primeval Atom or the Cosmic Singularity (rs=0).

Before the Big Bang, was the universe always the Primeval Atom?

Some people, including Einstein himself, ever imagined that Einstein’s field
equation should be given a suitable cosmological constant, so that the universe could
over and over explode to expand from the Cosmic Singularity, and then, shrink into
the Primeval Atom.

But why a huge celestial body might explode? How much mass might a celestial
body need to explode? Why did all matter have to shrink to a single Primeval Atom
or Cosmic Singularity before the universe exploded?

In his book The First Three Minutes: A Modern View of the Origin of the
Universe, Weinberg once observed [%: “One possibility is that there never really
was a state of infinite density. The Big Bang may have begun when the density of
the universe had reached some very high but finite value.”

So, what kind of high mass-density state would a celestial body have to reach
before it could explode? Suppose that, after all the celestial bodies in the Milky Way
exhaust their energy, the matter of the Milky Way collapses and shrinks into a high
mass-density celestial body. Then, would it lead to a Big Bang? If so, does this mean
the birth of a new universe? If so, does a supernova explosion mean the birth of a
new universe? Although black holes are generally not as black as the Primeval
Atom, according to the logic of modern general relativity, they might explode when
they get black to a certain extent. So, does the explosion of a general black hole
mean the birth of a new universe? Does the merging or coalescing of a
binary-blackhole system means the birth of a new universe?

We could not continue to imagine it, it would become even more absurd.

The Primeval Atom, or the Cosmic Singularity before the Big Bang, was the
greatest black hole. If Mersini Houghton’s theory or conclusion about the existence
of black holes holds true, then the theory of Big Bang can not hold true. Actually, as
stated in BP-14, Mersini-Houghton’s theory 2052061 [ike theory of black holes of
modern general relativity, is based on Einstein’s theory of general relativity and the
theory of quantum gravity. Alternatively, Mersini Houghton’s theory is also the
product of modern general relativity. Therefore, at least, Mersini Houghton’s theory
means that the so-called modern general relativity, including its theory of black
holes and its theory of Big Bang, logically lacks consistency and self-consistency.
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Has the universe of ours had really experienced the so-called Big Bang?
This is the big puzzle marked as BP-15 in the theory of OR.

BP-15.2 The Mainstream View

Actually, the theory of Big Bang made by modern general relativity itself
represents the views or understandings held by the mainstream school of physics
about the evolution of the universe and the Big Bang.

The mainstream school of physics believe that, before the Big Bang, the
spacetime and matter of the universe curled up into one 4d point, known as the
Cosmic Singularity or the Big-Bang Singularity: spacetime being infinitely curved,
1d time being stagnant, 3d space being null, mass density being infinitely great, and
matter temperature being infinitely high. At some time about 13.8 billion years ago,
the universe exploded at the Big-Bang Singularity: the time began flowing, the
space began expanding.

Eventually, it has been evolving into the universe of today.

This is the theory of Big Bang.

The theory of Big Bang is based on two the fundamental principles:

(i) The principle of universality: physical laws have universal applicability;

(ii) the principle of cosmology: on large scales, the universe is homogeneous
and isotropic.

The theoretical basis of the Big-Bang theory involves:

(i) Einstein’s theory of general relativity;

(if) The theory of quantum gravity.

The main observational evidences supporting the Big-Bang theory include:

(i) The cosmological redshift: Hubble’s law of cosmic expansion;

(ii) The CMB: the Cosmic Microwave Background radiation;

(iii) The abundance of light elements or primordial elements.

The Timeline of Big Bang:

Let us listen to the story of Big Bang about the universe.

(i)  Quantum Gravity Era (0-10%4s): The temperature of the universe reached
infinity, and the virtual spacetime exploded.

(ii) Planck Era (1 Planck Time: 10~*%s): The universe spanned a region of 1
Planck Length (10~*m), and the phase transition temperature was the
Planck Temperature (10%°K).

(iii) Grand Unification Era (104-10-%s); At 10~*%s, the phase transition of
grand unification began, and the phase transition temperature was 10%%K;
during 10~43-10-%s, the real spacetime or vacuum was formed, the earliest
elementary particles began to be created, and the force of gravity was
separated from other fundamental forces.

(iv) Inflationary Era (10-%¢-10-3%s): The universe had undergone an extremely
rapid exponential expansion, the so-called cosmic inflation, matter and
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antimatter were asymmetric, quarks and leptons were separated.

(v) Electroweak Era (107%2-10"'%): At 1073, the phase transition of
electroweak unification began, and the phase transition temperature was
10'6K.

(vi) Quark Era (10712-1075s): quarks, electrons and neutrinos formed.

(vii) Hadron Era (10-%-1s): At 1075, hadrons formed, quarks were confined, the
temperature of the universe was 10%2K.

(viii) Lepton Era (1s—3min): Leptons and their antiparticles dominated, and the
temperature of the universe was 10K,

(ix) Nucleosynthesis Era (3—20min): The nuclei of the simple elements of
hydrogen, helium and lithium was formed, and the temperature of the
universe was 10'°K.

(X) Photon Era (3min-2x10%years): The universe was filled with plasma, the
energy of the universe was dominated by photons, and the temperature of
the universe fell to 4000K.

(xi) Galaxy Era (2x10°-10%ears): Primitive galaxies formed, and galaxies
gradually evolved.

(xii) Star Era (10°-5x10'%ears): The stars formed, heavy elements formed,
planets formed, and molecules formed.

(xiii) Today (13.8 billion years): God created human beings who have observed
the cosmic expansion and the 3K cosmic background radiation and have
built the cosmic model of Big Bang based on Einstein’s theory of general
relativity.

Of course, there are many different versions of the story of Big Bang.

However, in the view of OR theory, these are just fictional stories: the universe
has never experienced the so-called Big Bang.

BP-15.3 The View of GOR Theory

It is the basic characteristic of relativistic effects or relativistic phenomena that
they are apparently real but actually unreal. From the special relativistic effects to
the general relativistic effects, from the invariance of light speed to spacetime
curvature, from the gravitational redshift of light and the gravitational deflection of
light to the orbital precession of planes, from Einstein’s prediction of gravitational
waves to LIGO’s detection of gravitational waves, from cosmological redshift to
Hubble’s law of cosmic expansion, from the theory of black holes to the theory of
Big Bang, all these have reflected this basic characteristic. Now, from the classical
general relativity to the modern general relativity, the characteristic of this sort has
been continued and strengthened.

As clarified by the theory of OR, Einstein’s theory of relativity, including the
special and the general, is the theory of the optical observation agent OA(c). The
optical agent OA(c) has the observational locality (c<oo), which presents to
observers the optical image of the objective world, that is, the phenomena of optical
observation rather than the essence of the physical world. This is the reason why
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relativistic effects or relativistic phenomena are apparently real but actually unreal.

So, the theory of Big Bang, which are based on Einstein’s theory of general
relativity are equally apparently real but actually unreal.

. The Big Bang and Einstein’s General Relativity

The theory of Big Bang, like the theory of black holes, is the product of modern
general relativity. The so-called modern general relativity, including the theory of
guantum gravity, is mainly based on Einstein’s theory of general relativity.

However, the physicists whose made the theory of Big Bang have not realized
that Einstein’s theory of general relativity is the partial theory relying on the optical
observation agent OA(c), and have not correctly understand Einstein’s theory of
relativity, including the special and the general. Alternatively, while making the
theory of Big Bang, they did not realize that: all relativistic phenomena are in
essence observational effects or apparent phenomena.

The relativistic effects in Einstein’s relativity theory, such as the spacetime
curvature, spacetime transformation, space expansion, time expansion, mass-energy
transformation, and quantum-energy perturbation derived from the principle of
uncertainty, have already become indispensable elements of the Big-Bang theory.
The Big Bang of the universe began with the fictional virtual spacetime, where
space and time were meaningless: time is stagnant, space is null, and then, there was
a fictional quantum-energy perturbation triggering the Big Bang and leading to the
extremely rapid exponential expansion of the universe.

The theory of OR repeatedly emphasizes that the relativistic effects in Einstein’s
relativity theory is not the objective and real physical reality. In the theory of GOR,
the theorem of Cartesian spacetime has proved that spacetime could never be curved.
In the objective and real physical world, time and space are independent of each
other: time could never dilate and space could never extend; mass and energy are
independent of each other: energy must be conserved and mass must also be
conserved. As stated in the big puzzle BP-06 in Chapter 9 of the 1°t volume of OR,
Heisenberg’s uncertainty is in essence the observational uncertainty that cannot
generate the so-called quantum perturbation or quantum fluctuation.

Since spacetime could never be curved, the universe would never be curled up
into the so-called Primeval Atom or Big-Bang singularity: time would never be
stagnant and space would never be shrunk into one point. Since there is no
Heisenberg’s quantum perturbation or quantum fluctuation, even if all matter in
the universe was accumulated together, the Big Bang could not be triggered. Even if
the all matter of the universe was accumulated together with extremely high density
and temperature and led to the Big Bang, it would not mean the birth of a new
universe or the new beginning of time. Even if the Big Bang really happened, it
would only be an event at a certain time point in the evolution of the universe.

The theory of Big Bang employs Einstein’s theory of general relativity as the
main theoretical foundation of its own. However, according to the theory of GOR,
Einstein’s theory of general relativity is a partial theory, i.e., the theory of optical
observation, which is valid only under the optical agent OA(c), and the general
relativistic effects or gravitational relativistic effects are not the objective and real
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physical reality. Therefore, Einstein’s theory of general relativity is logically
difficult to serve as the theoretical foundation of the Big-Bang theory.

So, without Einstein’s theory of general relativity as the theoretical foundation
of modern general relativity could the theory of Big Bang still hold true?

I1. Hubble’s Law:
Hubble’s Interpretation for Cosmological Redshift

The so-called observational evidences supporting the theory of Big Bang, such
as cosmological redshift, cosmic microwave background radiation, the abundance of
light elements, primordial gas clouds, and galactic evolution and distribution, might
have an infinite number of possible interpretations, and not the evidences or source
materials specifically prepared for the theory of Big Bang.

The most important and direct observational evidence listed in the theory of Big
Bang is naturally Hubble’s cosmological redshift. In particular, when interpreted by
Hubble’s Law, the cosmological redshift became the crucial foundation and pillar of
the theory of Big Bang made by the modern general relativity.

Astronomical observations indicate that the spectra of starlight observed by the
observers of the earth exhibit the redshift phenomenon of frequencies, and moreover,
the farther away from the earth a star is, the more significant the spectral redshift of
it is. In other words, the spectral redshift Z of starlight is directly proportional to the
co-moving distance D the star.

Under the optical agent OA(c), it follows that:

|Z| =R, D
s A _fo-f , f A (21.8)
f fo f, A

where Z is the cosmological redshift of starlight, f. and fo are the emission frequency
and observational frequency of light respectively, 1. and Ao are the emission
wavelength and observational wavelength of light respectively, Rep is the redshift
coefficient, and D is the co-moving distance of the star.

Hubble speculated that the cosmological redshift, like the Doppler effect, was
caused by the recession of stars or galaxies relative to the earth.

Let v, be the recession velocity of a galaxy or a star, then according to the
Fizeau-Doppler formula, it follows that:
Ao _fo_ [1+B 1+v,/c
A fo \N1-p8 \l1-v,/c

e

(21.9)
7 -1_ 1+v,/c v,
1-v,/c c
where the minus sign “—” represents the spectral shift to red.
Thus, Hubble’s law was born 1121
v, =H,D (v, =cZ; Hy=cRy,) (21.10)
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where v, the recession velocity of the galaxy, Ho is the Hubble constant.

It is generally believed that Ho, vr, and D change with the expansion of the
universe; while Ho=70.4*1-3_; 4 km/s/Mpc is only the Hubble constant of the
present-day universe.

Hubble’s Law: According to Eq. (21.10), all celestial bodies or galaxies in the
universe are rapidly retreating relative to the earth, and the farther away from the
earth a galaxy is, the higher the recession velocity of it is.

Hubble’s Theory of Cosmic Expansion: According to Hubble’s law, Hubble
further inferred that the present-day universe is rapidly expanding, just like the scene
presented after a Big Bang.

The Hubble Distance: According to Hubble’s law, there must be a certain
distance Dy from the earth, known as the Hubble distance, where the recession
velocity v of celestial bodies or galaxies has reached the speed ¢ of light, and
therefore, the optical observers on the earth could not observe the celestial bodies or
galaxies beyond the Hubble distance of Dy.

Naturally, the Hubble distance Dy could be calculated by Hubble’s law:

D, :Hiz4.26jg;ggx103 Mpc (v, =c) (21.11)
0
The mainstream school of physics believes that Hubble’s Law of cosmic
expansion is the significant discovery that has laid the foundation of modern
cosmology and is the indispensable component of the theory of Big Bang.

However, the universe might not really follow Hubble’s law.
Or rather, the universe might not really be expanding.

I11. The Law of Light Traveling:
the GOR Interpretation for Cosmological Redshift

With regard to the cosmological redshift of starlight, originally, there could have
been an infinite number of possible interpretations. Perhaps, inspired by Lemaitre’s
explosion doctrine of Primeval Atom, which predicted the expansion of the
universe based on Einstein’s theory of general relativity, Hubble conceived
Hubble’s law of cosmic expansion.

Actually, based on the definition and interpretation of the gravitational redshift
of light in Chapter 18 in the 2" volume of OR, the redshift of spectral, no matter the
gravitational redshift of light or the cosmological redshift of starlight, from the
perspective of waves, it is the frequency decay of light or starlight, this is only a
phenomenon; from the perspective of particles, it is the energy decay of light or
photons, this is the essence.

Astronomers’ observation of the gravitational redshift of starlight belongs to
optical observation. Naturally, the observation agent OA(#7) is the optical agent
OA(c), where the kinetic energy K of photons is K=hf (that is, Planck’s energon
equation: E=hf). Thus, the cosmological redshift Zxk=AK/K defined based on the
Kinetic-energy decay of light or photons is equivalent to the cosmological redshift
Z=Af/f defined based on the frequency decay of light or photons:
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_AK Ky =K, _hfg—hf, fo—f, _Af
K Ko hf, f5 f
where Ke and Ko represent the emission kinetic energy of photons and observational
kinetic energy of photons, respectively; the cosmological redshift Zx of starlight

represents the Kkinetic-energy decay of photons, while Z represents the frequency
decay of starlight.

Thus, Hubble’s Law should be reshaped into the law of light traveling:

|Z,|=RepD
Rep = H,y/C=23.5'0% x10™° /Mpc

ZK

VA (21.12)

(21.13)

where Zk represents the Kinetic-energy redshift (decay) of photons, and Rep is the
kinetic-energy redshift (decay) coefficient of photons, that is, the ratio of the Hubble
constant Ho to the speed c¢ of light in vacuum; pc (=3.2616 light-years) is the
photometric distance, and M=10°.

The GOR law of Light Traveling: According to Eq (21.13), while light or
photons emitted by stars or galaxies is traveling in the universe, the Kinetic-energy K
of the light or photons gradually decays and the frequency gradually shifts to red.
The redshift or decay of the kinetic energy Zx=AK/K of a photon is proportional to
the co-moving distance D of the star that emits the photon: |Zk|=RepD. The larger
the distance D between the star and the earth, the more significant the redshift or
decay of photons’ kinetic energy is.

The GOR law of light traveling is self-evident. the rationality of the GOR law of
light traveling is obvious: taking a bullet leaving a rifle as an example, the kinetic
energy of the bullet will inevitably decay gradually, and ultimately, it will stop
moving due to the depletion of its kinetic energy; the motion of light or photons in
the universe is in theory the same as that of the bullet. The universe is not a pure
vacuum or the free spacetime: just like a bullet flying in the atmosphere, a photon
traveling in the universe must consume energy.

Waves, such as light waves and sound waves, could always keep their specific
speeds regardless of whether they are moving in vacuum, atmosphere, or water.
Therefore, in the same medium, light waves of different frequencies or sound waves
of different frequencies have the same speeds. It could be imagined that waves have
a sort of mechanism to keep their specific speeds: as their kinetic energies decay,
waves could keep their specific speeds by reducing their frequencies; as their Kinetic
energies grow, waves could keep their specific speeds by raising their frequencies.

In this way, a photon could fly in the universe at the specific speed ¢ before its
Kinetic energy has been depleted. With the gradual decay of energy, the frequency of
the photon would gradually red-shift until the Kinetic energy of the photon has been
depleted, and finally, the photon has to stop its moving in the universe.

Naturally, due to the limited energy of light or photons, there must be the limited
time or the limited space as the upper limit for light or photons to travel in the
universe. According to the GOR law of light traveling, the upper bound of the
distance that light or photons could travel in the universe might be called the GOR
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Distance of Light Traveling.

The GOR Distance of Light Traveling: According to the GOR law of light
traveling, there must exist an upper limit Dgor of the distance for light or photons to
travel in the universe. For stars or galaxies that are beyond the distance of Dgor
away from the earth, the starlight emitted by those stars or galaxies could never
reach the earth due to the limitation of energy, and therefore, the observers of the
earth could not see or observe those stars and galaxies.

The relative redshift (decay) Zk=1 of the Kinetic energy of light or photons
represents the depletion of the kinetic energy Ke of light or photons. At this point,
the corresponding the co-moving distance D of stars or galaxies is the upper limit
Dcor of the distance for light or photons to travel in the universe.

According to the GOR law of light traveling (Eq. (21.13)):
Deor =(Rep ) =¢/H, ~4.255x10° Mpc
~1388x10° ly (Z, =1)

where, according to the data provided by the International Organization for
Standardization (ISO), the distance Dgor of light traveling in the universe is
approximately 13.9 billion light-years.

One could make a comparison: a bullet can fly in the earth’s atmosphere only
within the flight distance of about 1000m and the flight time of about 2s; a photon
can fly in the universe for up to the flight distance of 13.9 billion light-years and the
flight time of 13.9 billion years.

So, what exactly lead to the cosmological redshift of starlight, the cosmic
expansion after the Big Bang or the energy decay of light? What law exactly the
cosmological redshift of starlight follows, Hubble’s law of cosmic expansion or the
GOR law of light traveling?

(21.14)

IV. The Universe Has No Hubble Distance and Hubble Expansion.

It is very interesting that the GOR distance Dgor (EQ. (12.14)) of light traveling
is exactly equal to the Hubble distance Dy (Eq. (21.11): Dgor=Dw.

The GOR distance of light traveling and the Hubble distance share a common
meaning: at this distance, the light or photons emitted by stars or galaxies are
unobservable by the observers of the earth.

However, it is worth noting that the GOR distance and the Hubble distance are
two completely different concepts: the GOR distance Dgor is the upper bound of
photon flight distance; while the Hubble distance means, at the distance of Dy, the
stars or galaxies recede relative to the earth at the speed c of light.

So, according to Hubble’s law, you must ask: if the distance between a star and
the earth is greater that the Hubble distance, will the recession velocity of the star
relative the earth be higher than the speed ¢ of light? Is this not contrary to
Einstein’s principle of the invariance of light speed?

Actually, there is no the so-called Hubble distance in the universe: it is very
difficult for us to imagine that there are celestial bodies or galaxies in the universe
moving at light speed or superluminal speed relative the earth
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However, the GOR distance of light traveling is necessary: no matter particle
could travel endlessly in the universe without consuming energy.

The GOR law of light traveling and the GOR distance of light traveling tell us
that: Hubble’s doctrine of cosmic expansion is not the objectively physical reality,
but just a conjecture in pursuit of the myth of the Big Bang.

The phenomenon of cosmological redshift is not the effect of cosmic expansion,
but the manifestation of the kinetic-energy redshift or decay of light or photons
traveling in the universe, that is, the effect of the kinetic-energy redshift or decay of
light or photons.

The kinetic-energy redshift or decay of light or photons traveling in the universe
is inevitable and not a conjecture; while the recession of celestial bodies or galaxies
or the expansion of the universe is purely an imagination or a conjecture.

V. The Universe Has Never Experienced the Big Bang.

As a matter of fact, from the beginning of the Primeval Atom, the theory of the
Big Bang has only been a myth that caters to the psychology of curiosity.

Now, without Hubble’s Law, without the cosmic expansion of the universe,
could the theory of Big Bang still hold true?
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GOR Summary

In 1915, based on Einstein’s theory of special relativity, under the principle
of equivalence and the principle of general covariance, starting from the
hypothesis of the invariance of light speed, Einstein established the theory of
general relativity and expounded the relativistic phenomenon of gravitational
spacetime and gravitational interaction. Einstein’s theory of general relativity has
been verified and supported by observation and experiment. Einstein believed that
the gravitational relativistic effects or phenomena were the essential characteristics
of gravitational interaction.

Einstein’s theory of general relativity has been established for over 100 years.

Now, the mainstream school of physics still believe that gravitational relativistic
phenomena are the essential characteristics of gravitational interaction.

In the 2" volume of OR: Gravitationally Observational Relativity (GOR),
under the principle of general correspondence (GC), the theory of OR has
established the GOR three principles as the axiom system of GOR theory: (i) the
principle of GOR equivalence; (ii) the principle of GOR covariance; (iii) the
principle of the invariance of information-wave speeds. Based on the three
principles of GOR, by analogizing or following the logic of Einstein’s general
relativity, the theory of OR has derived the GOR gravitational-field equation,
generalizing and unifying Newton’s field equation and Einstein’s field equation; and
furthermore, has established the whole theoretical system of GOR, named as the
theory of Gravitationally Observational Relativity (GOR), generalizing and
unifying Newton’s theory of universal gravitation and Einstein’s theory of general
relativity, i.e., the two great gravitational theories in physics, revealing the root and
essence of the relativistic effects of gravitational interaction.

The theory of GOR is not only the challenge to Newton’s theory of universal
gravitation and Einstein’s theory of general relativity, but also the development of
Newton’s gravitational theory and Einstein’s gravitation theory.

The principle of the invariance of information-wave speeds was originally the
logical consequence of the theory of IOR. Now, it has become the most fundamental
logical premise of the theory of GOR, the so-called Gravitationally Observational
Relativity or General Observational Relativity (GOR).

Like in the theory of inertia motion, observation plays an indispensable role in
the theory of gravitational interaction.

The theory of GOR has clarified that Newton’s law of universal gravitation is
the gravitational model for idealized observation, and Einstein’s field equation is the
gravitational model for optical observation; Newton’s theory of universal gravity is
the gravitational theory for idealized observation, and Einstein’s theory of general
relativity is the gravitational theory for optical observation. Newton’s theory of
universal gravitation is the true portrayal of gravitational spacetime and gravitational
interaction, while Einstein’s theory of general relativity is only the optical image of
gravitational spacetime and gravitational interaction.
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This is the origin of the name of Gravitationally Observational Relativity or
General Observational Relativity (GOR).

The new theory leads to the new discoveries.
The theory of GOR provides new insights into physics.
The theory of GOR has discovered that: Spacetime is not really curved.

According to the theorem of Cartesian spacetime in the theory of GOR, all
gravitational relativistic effects are observational effects and apparent phenomena.
The theory of GOR tells us that: the scientific predictions based on Einstein’s theory
of general relativity are not more accurate than the scientific predictions based on
Newton’s theory of universal gravitation; Einstein’s prediction of gravitational
waves is a mistake, and LIGO did not detect the gravitational waves came from deep
space; Hubble’s cosmological redshift does not mean the expansion of the universe,
and the universe has never experienced the so-called Big Bang.

The elements of GOR theory, or the contents of the 2" volume of OR:
Gravitationally Observational Relativity (GOR), can be summarized as follows.

(i) The Essence of Gravitational Relativistic Effects

The theory of GOR has discovered that, like inertial relativistic effects, the
gravitational relativistic effects or phenomena are in essence observational effects
and apparent phenomena, but not the essential characteristics of gravitational
spacetime and gravitational interaction.

(i) The Root of Gravitational Relativistic Effects

The theory of GOR has discovered that, like inertial relativistic effects, the root
of gravitational relativistic effects or phenomena lies in the observational locality —
the speeds of observation media transmitting the information of observed objects to
observers are all finite: it takes time for the observed information to cross space.

(iii) Spacetime is not Really Curved

According to the theory of GOR, under different observation agents, spacetime
exhibits different degrees of curvature. This means that: spacetime is not really
curved; the so-called spacetime curvature is actually an observational effect or an
apparent phenomenon, depending on observational agents and rooted from the
observational locality of observational agents. The optical agent OA(c) (c<) is just
like a wide-angle lens, making the gravitational spacetime in Einstein’s theory of
general relativity appear somewhat curved or deformed.

(iv) The Problem of Photon Rest Mass

In the 1%t volume of OR, the theory of IOR has already clarified that: any
particle of matter, including photons, must have the rest mass m, of its own, that is,
the intrinsic mass of it, which is the objectively real mass and has real gravitational
effects. Now, in the 2" volume of OR, based on the theory of GOR gravitational
redshift, the theory of GOR has calculated and predicted that: the rest mass m, of a
photon is actually the relativistic mass m of it — me=m=hf/c? (see Eq. (18.46) in
Chapter 18). This conclusion may have the enlightening meaning to the
experimental physicists who are dedicated to detecting the rest mass of photons.
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(v) The Perihelion Precession of Planetary Orbits

In the theory of GOR, the GOR model of the celestial two-body system (M,m)
has generalized Einstein’s celestial two-body model and can also calculate and
predict the perihelion precession of planetary orbits. However, the theory of GOR
has discovered that this sort or precession depends on observation and observation
agents: under different observation agents, the perihelion of a planet exhibits
different precession rates. This suggests that the precession rate predicted by the
GOR motion model of planets is only an observational effect or an apparent
phenomenon. Einstein’s celestial two-body model is a special case of the GOR
celestial two-body model; and therefore, Einstein’s prediction of Mercury’s
perihelion-precession rate of the 43.03 arcseconds every 100 years is only the
apparent phenomenon presented by the optical agent OA(c), but not the objectively
real precession of Mercury’s perihelion. As a matter of fact, whether the theory of
GOR or Einstein’s theory of general relativity, the idealized celestial two-body
model cannot predict the actual precession of planetary orbits, including Mercury’s
actual precession of the 5557.62 arcseconds every 100 years.

(vi) The Gravitational Deflection of Light

In the theory of GOR, the GOR model of the gravitational deflection of light has
generalized Einstein’s model of the gravitational deflection of light and Newton’s
model of the gravitational deflection of light, and can also predict the gravitational
deflection angle of light. However, the theory of GOR has discovered that this sort
of gravitational deflection depends on observation and observation agents: under
different observation agents, the light in gravitational spacetime exhibits different
degrees of deflection. This suggests that the gravitational deflection of light
predicted by the GOR model of the gravitational deflection of light contains the
observational effects or apparent phenomena of observation agents.

As far as the deflection angle of starlight passing over the sun is concerned:
Newton’s prediction is oy=0.875"; while Einstein’s prediction is 6g=1.75", being
twice Newton’s prediction.

Astronomical observation tends to support Einstein’s prediction. However, this
does not mean that Einstein’s theory of general relativity is better than Newton’s
theory of universal gravitation. On the contrary, according to the theory of GOR,
Newton’s prediction is the observational value of the idealized observation agent
OA.., representing the objective and real gravitational deflection of light; while
Einstein’s prediction is the observational value of the optical observation agent
OA(c), which, although supported by OA(c), contains the optical observation effects
or apparent phenomena of OA(c), is not completely objective and real. Actually, the
gravitational deflection of starlight observed during total solar eclipses provides
another enlightening empirical evidence for the theory of GOR.

(vii) The Gravitational Redshift of Light

In the theory of GOR, the GOR model of the gravitational redshift of light has
generalized Einstein’s model of the gravitational redshift of light and Newton’s
model of the gravitational redshift of light, and can also predict the gravitational
redshift of light. However, the theory of GOR has discovered that this sort of
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gravitational redshift depends on observation and observation agents: under different
observation agents, the light in gravitational spacetime exhibits different degrees of
redshift. This suggests that the gravitational redshift of light predicted by the GOR
model of the gravitational redshift of light contains the observational effects or
apparent phenomena of observation agents.

As far as the gravitational redshift of the solar spectrum is concerned: Newton’s
prediction is Zy=—4.14x107%; while Einstein’s prediction is Ze=—2.12x1075, being
only half of Newton’s prediction.

According to the theory of GOR, Newton’s prediction is the observational value
of the idealized agent OA.,, representing the objective and real gravitational redshift
of light; Einstein’s prediction is the observational value of the optical agent OA(c),
which, although supported by OA(c), contains optical observational effects and is
not completely objective and real.

(viii) GOR’s Information Waves and Einstein’s Gravitational Waves

Based on the gravitational-field equation in his general relativity, Einstein
derived a wave equation, in which the wave had the factor y/c? with the Newtonian
gravitational potential y and the light speed c. Accordingly, Einstein believed that is
a gravitational wave, and made the famous prediction: there were gravitational
waves propagating at the speed c of light in gravitational spacetime.

From the GOR gravitational-field equation, the theory of GOR has also derived
a wave equation that is isomorphically consistent with Einstein’s wave equation, in
which the wave has the factor y/r7? with the Newtonian gravitational potential y and
the information-wave speed 7 of the general observation agent OA(#7). The GOR
wave equation has generalized and unified Einstein’s wave equation and Newton’s
wave equation (that is, Laplace equation). This suggests that the wave in the GOR
wave equation is the information wave of the general observation agent OA(7), and
the wave speed naturally depends on the information-wave speed 7 of the general
observation agent OA(7).

It is thus clear that: the wave in Einstein’s wave equation is not a gravitational
wave, but rather the information wave of the optical observation agent OA(c) that
transmits the information of observed objects at the speed c of light.

(ix) GOR and the Expansion of the Universe

Hubble’s doctrine of cosmic expansion and Einstein’s theory of general
relativity are the important evidence and theoretical foundation for the theory of Big
Bang. However, there seems to be contradiction between Hubble’s doctrine and
Einstein’s theory: Einstein believed that the speed of light could not be exceeded;
Hubble believed that galaxies at Hubble’s distance regressed relative to earth at the
speed of light, and naturally, the galaxies beyond Hubble’s distance regressed at a
speed faster than the speed of light. It is unimaginable that massive galaxies could
move relative to earth at the speed of light or even faster than light. Of course, what
the theory of GOR questions is not only the recession velocity of galaxies, but also
the doctrine of cosmic expansion: the spectrum redshift of starlight, the so-called
cosmological redshift, does not mean that the universe is expanding. In the view of
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GOR theory, the redshift of light is the kinetic-energy redshift or decay of photons.
The observers of the earth could not observe the starlight emitted by the stars or
galaxies beyond the Hubble distance, not because the stars or galaxies are retreating
at the speed faster than light, but because the energy of light or photons is limited
and the long-distance travel of light or photons must consume energy. So, it is
impossible for starlight to cross the Hubble distance (rightly the GOR distance of
light traveling) to reach the earth.

Actually, the phenomenon of cosmological redshift does not mean the so-called
cosmic expansion or the expansion of the universe. Cosmological redshift follows
the GOR Law of Light traveling rather than Hubble’s Law of cosmic expansion. As
clarified in BP-15 of Chapter 21, the cosmological redshift is the manifestation of
the kinetic-energy redshift or decay of starlight traveling over long distances in the
universe. Naturally, the farther the distance from the earth, the more significant the
energy redshift or decay is.

(x) GOR and the Big Bang

Einstein’s theory of general relativity is the important theoretical foundation of
the theory of Big Bang. However, those cosmologists, who are keen on the theory of
Big Bang, have not realized that Einstein’s theory of general relativity is only a
partial theory and the physical model of optical observation, which is effective and
valid only when the observation agent OA(r) is the optical agent OA(c). Since
cosmologists could create the theory of Big Bang under the optical observation
agent OA(c), they could also create the theory of Big Bang under the general
observation agent OA(7). Naturally, based on Newton’s theory of universal
gravitation, cosmologists could also create the theory of Big Bang under the
idealized observation agent OA...

The Hubble doctrine of cosmic expansion and Einstein’s theory of general
relativity are the two pillars of the theory of Big Bang. In the view of the theory of
GOR, the cosmological redshift of starlight does not mean the expansion of the
universe. So, could the theory of Big Bang still hold true without Einstein’s theory
of general relativity and Hubble’s doctrine of cosmic expansion?

(xi) The GOR Gravitational-Field Equation:
Generalizing and Unifying Newton and Einstein’s Field Equations

The Poisson-equation form of Newton’s law of universal gravitation is the
gravitational-field equation of the idealized observation agent OA.; while Einstein’s
field equation in Einstein’s theory of general relativity is the gravitational-field
equation of the optical observation agent OA(c). In the theory of GOR, the GOR
field equation is the gravitational-field equation of the general observation agent
OA(7). The GOR gravitational-field equation has generalized and unified Newton’s
field equation and Einstein’s field equation: as 7—c, the GOR field equation would
strictly (rather than approximately) converge to Einstein’s field equation; as 77—,
the GOR field equation would strictly (rather than approximately) converge to
Newton’s field equation.
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(xii) The Theory of GOR:
Generalizing and Unifying Newton’s Theory of Universal Gravitation
and Einstein’s Theory of General Relativity

In the theory of GOR, the GOR field equation generalizes and unifies Einstein’s
field equation and Newton’s field equation; the GOR motion equation generalizes
and unifies Einstein’s motion equation and Newton’s motion equation; The GOR
formula for the GOR total-energy H(#) (the GOR kinetic energy K(7) and the GOR
potential energy V(7)), or the GOR Hamiltonian, generalizes and unifies Einstein’s
formula for the relativistic total energy H(c) and Newton’s formula for the classical
total energy H..; the GOR celestial motion model generalizes and unifies Einstein’s
celestial motion model and Newton’s celestial motion model; and so on.

Finally, the theory of GOR has generalized and unified Einstein’s theoretical
system of general relativity and Newton’s theoretical system of universal gravitation,
the two greatest theoretical systems in the history of human physics.

The theory of GOR, so-called Gravitationally Observation Relativity or
General Observational Relativity, has generalized and unified Einstein’s
gravitational theory and Newton’s gravitational theory. This indicates that the theory
of GOR is logically consistent with both Einstein’s theory of general relativity and
Newton’s theory of universal gravitation. In particular, such logical consistency
confirms the logical self-consistency of GOR theory, and from one aspect, confirms
the logical rationality and theoretical validity of GOR theory.

The theory of GOR is both speculative and empirical.

It should be pointed out that the theory of GOR has empirical basis and is
supported by observation and experiment.

As a matter of fact, the support of observation and experiment for Einstein’s
theory of general relativity is also the support for the theory of GOR; the support of
observation and experiment for Newton’s theory of universal gravitation is also the
support for the theory of GOR.
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