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Abstract: The theory of Observational Relativity (OR), as a new theory in human being's physics, has revealed the essence
of the relativistic effects of Einstein relativity theory, and moreover, has generalized and unified Newton's classical mechanics
and Einstein’s relativity theory in the same theoretical system under the same axiom system. However, the original intention
of OR research is not to establish the theory of OR, but to give photons some rest mass. According to the mass-speed relation
of Einstein special relativity, an object of matter moving in inertial spacetime exhibit two distinct masses: the rest mass; the
moving mass. However, as an object of matter reaches the speed of light, either its moving mass becomes infinitely large or
its rest mass becomes infinitely small. Einstein chose to set the rest mass of photons to zero. It is puzzling that Einstein's
moving mass depends on observation: the same material object has different moving masses relative to different observers.
Therefore, people subconsciously believe that Einstein's moving mass is not objective and real, and that only the rest mass is
the objectively real mass with real inertial effects and real gravitational effects. So, if photons had no rest mass then they
would have no mass. According to the materialist view of nature, the natural world is a world of matter, and all matter or
material particles, including photons, have the intrinsic and objectively real mass. Naturally, the objectively real mass must
be independent of observation. OR serial report 1 has elucidate the theoretical validity and empirical basis of OR. Now, OR
serial report 2 will report on the exploration for the objectively real mass of photons by the theory of OR. The theory of Inertial
OR (IOR) proves that photons possess the rest mass; the theory of Gravitational OR (GOR) predicts that the theoretical value
of the rest mass of a photon with the frequency f is my,=hf/c?. Thus, according to the theory of OR: all matter or material
particles possess the objectively real rest mass; a material object, whether it is a massive star or a tiny photon, must possess

the rest mass of its own if it exists objectively; otherwise, it does not exist.
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1 Introduction

OR serial report 1 ™ has reported to readers a new the-
ory in physics: Observational Relativity (OR) 2],

The theory of OR has discovered that human percep-
tion of the objective world not only relies on observation
but also is restricted by observation. All spacetime models
and theoretical systems in human physics must be branded
with observation: the Galilean transformation and Newto-
nian mechanics are the products of idealized observation
with the idealized agent OA.,; the Lorentz transformation
and Einstein theory of relativity, both the special and the
general, are the products of optical observation with the
optical agent OA(c).

Galileo and Newton represent the objective and real
physical world; whereas Einstein presents to us only the
optical image of the physical world.

The theory of OR, unexpectedly, has generalized and
unified the two great theoretical systems of human phys-
ics, Newton's classical mechanics and Einstein's relativity
theory, in the same theoretical system under the same ax-
iom system. The theory of OR has had significant discov-
eries, revealing the root and essence of the relativistic ef-
fects of spacetime and matter motion: all relativistic effects
are observational effects and apparent phenomena; the
speed of light is not really invariant and spacetime is not
really curved.

OR serial report 2 will continue to report on another

important discovery of the theory of OR: the rest mass of
photons is not really zero.

The theory of OR was not designed or manufactured,
it was just an accident.

Revealing the essence of relativistic effects and unify-
ing Newton's classical mechanics and Einstein's relativity
theory was not the original intention of OR.

Initially, the theory of OR only attempted to give pho-
tons a little bit of rest mass.

The issue of photon mass is a major one in physics.

The author believes that a physicist should first and
foremost be a materialist: the natural world is a world of
matter, and mass characterizes the objective existence of
matter; all matter or material particles, including photons,
must possess the, objective and real intrinsic mass. The ob-
jective mass must be independent of observation; the real
mass must exhibit both real inertial effects and real gravi-
tational effects.

Human being's physics should embrace the dialectical
materialist view of nature: everything in the natural world
is the contradictory unity of matter, the two sides of the
contradiction are both mutually independent and interde-
pendent, and can be transformed into each other under cer-
tain conditions.

In a sense, Einstein's theory of relativity, both the spe-
cial ®and the general '], provides an excellent interpreta-
tion for the Dialectics of Nature and the Dialectical Mate-
rialist View of Nature.
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Matter is the contradictory unity of mass and energy.
According to Mach ® and Einstein [ everything in the
natural world is relative. In Einstein's theory of relativity,
mass and energy are relative and can be transformed into
each other: mass is energy; energy is mass.

However, the Hypothesis of the invariance of light
speed, as the most basic logical premise of Einstein rela-
tivity theory, leads to two specious arguments:

(1) The speed of light is the ultimate speed in the uni-
verse and cannot be surpassed;

(2) Photons have no rest mass.

Subconsciously, people believe that the objective and
real mass of matter or material particles is and can only be
the rest mass. The absence of rest mass in photons is tan-
tamount to asserting that photons have no mass. Then, with
no mass, what could the energy of photons rely on for ex-
istence? The existence of matter with only energy and no
mass is irreconcilable with the dialectical materialist view
of nature.

So, giving photons a little rest mass became the origi-
nal intention of OR research.

Driven by their inherent views on nature, great physi-
cists such as Feynman %, de Broglie 2% and Schr&
dinger 14151 did not believe that photons have no rest mass,
and ever spared no time and effort in attempting to deter-
mine the rest mass of photons by observations or experi-
ments. Till this day, many experimental physicists still at-
tempt to find the rest mass of photons through observations
and experiments. They hope to find out the rest mass of
photons outside of the moving mass of photons. Proca
even prepared an amendment scheme for the Maxwell
electromagnetic equations to account for the presence of
massive photons *°!. However, all efforts to determine the
rest mass of photons have been futile, leaving only a series
of upper limits on the rest mass of photons that continu-
ously approach zero "% In 2014, the Particle Data
Group (PDG) recommended an upper limit of 1.5x10-%*
kg for the rest mass of photons 2%,

Unlike determining the rest mass of photons by obser-
vations or experiments, the author of OR attempt to theo-
retically assign a small rest mass to photons and establish
a theoretical model of expected photon mass (EPM).

However, the theoretical model of EPM has unexpect-
edly evolved into the theory of OR.

The theory of OR goes beyond the EPM original in-
tention and expectation, not only obtaining the rest mass
of photons, but also establishing the whole theoretical sys-
tem of OR [#%1, generalizing and unifying Newton's classi-
cal mechanics and Einstein's relativity theory ™. Moreo-
ver, it establishes the basic theoretical framework for the
theory of observational quantum (see Chapter 6 of the 1%
volume IOR of OR Monograph >*)), generalizing Planck's
guantum mechanics and de Broglie's matter-wave theory,
and moving towards the unification of relativity theory and
quantum theory 24,

The theory of OR ! [ists the problem of photon mass
as one of the 15 big puzzles in modern physics, involving
two fundamental questions:

(1) Does a photon have the rest mass of its own?

(2) If so, then how much does it weigh?

The 1% volume of OR monograph, Inertial Observa-
tional Relativity (IOR), theoretically proves that photons,
like all material particles, possess the objective and real
mass, that is, the so-called rest mass mo; the 2" volume of
OR monograph, Gravitational Observational Relativity
(GOR), theoretically proves that the theoretical value of
the rest mass of a photon with frequency f is m,=hf/c>.

OR serial report 1™ has elucidated the logical and the-
oretical correctness of OR, as well as, the empirical basis
and empirical evidences of OR.

OR serial report 2 will focus on interpreting BP-02:
The Problem of Photon Mass, one of the 15 big puzzles
in modern physics listed by the theory of OR.

2 Matter Mass and Photon Mass

Matter is the objective existence and physical reality
of the natural world. Mass is the quantity of matter con-
tained in a material object or a material system.

Excluding electromagnetic radiation, gravitational ra-
diation, and other mass adsorption or mass dissipation, the
mass of a matter system should be conserved.

According to the theory of OR, a material object or
system, whether it is a massive star or a tiny photon, must
possess the intrinsic mass of its own if it exists objectively;
otherwise, it does not exist. This is in line with the dialec-
tical materialist views of matter and nature.

So, what views on matter and mass did Newton and
Einstein hold respectively?

2.1 Newton's View of Mass and Newton's Photon

The concept of mass originated from Newton.

In his book The Mathematical Principles of Natu-
ral Philosophy, Newton wrote 2 “The quantity of mat-
ter is that measure of it which arises from its density and
from its density and volume conjointly.” This passage can
be roughly understood as:

Mass (m) = Volume (V) xDensity (d)
where m, V, and d represents the mass, volume, and den-
sity of a material object, respectively.

The mass of matter makes a material object present
both inertial effects and gravitational effects.

In Newtonian mechanics, the inertial and gravitational
effects of mass are clear and unambiguous. Newton's sec-
ond law, F=ma, embodies the inertial effect of mass m;
Newton's law of universal gravitation, F=GMm/r= em-
bodies the gravitational effect of mass m.

The existence of gravitational interaction is objective.

We can use a balance to measure the weight of an ap-
ple on the surface of the earth, which is related to the grav-
itational force of the earth or the gravitational interaction
between the earth and the apple, but not to whether the
spacetime around the earth is curved.

However, Newton seemed unsure whether the mass
that embodies the inertial effect and the mass that embod-
ies the gravitational effect are the same. So, Newton pro-
posed the concepts of inertial mass m, and gravitational
mass mg.
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With regard to the materiality of light, there have been
two doctrines in history: the corpuscular theory of light
and the wave theory of light. The corpuscular theory of
light was proposed by Newton. As early as 1675, Newton
put forward the hypothesis that light is composed of tiny
particles of matter (%1,

However, Newton was unable to determine the vol-
ume V and density d of a photon, and therefore, he was
unable to calculate the mass m of a photon based on his
own definition of mass.

According to the theory of OR, Newtonian mechanics
is the theory of the idealized observation agent OA.. For
ease of distinction, we agree to use the following symbols:

(1) mw=m(): Newtonian mass or classical mass;

(2) m,.=m,(e0): Newtonian inertial mass;

(3) mg.=mg(c0): Newtonian gravitational mass.

2.2 Einstein's View of Mass and Einstein's Photon

Einstein's view on mass seems to differ from New-
ton's. In his theory of relativity, Einstein did not explicitly
adopt the concepts of inertial mass m, and gravitational
mass mg, but introduced two new mass concepts: the rest
mass mo; the moving mass m.

2.2.1 Einstein's Relativistic Mass

According to the mass-speed relation in Einstein the-
ory of special relativity:

me
V1 —172/62 (1)

(limmo =0 or limm= oo)
v—-C v-cC

m=

a material object P, as the observed object, possesses both
its rest mass m, and its moving mass m, in which m=m(v)
is relativistic, involving the speed v of the observed object
P relative to the observer O.

So, which one, m, or m, represents the objective and
real mass of the observed material object P? Or, which
one, mo or m, has the objectively real inertial and gravita-
tional effects? Actually, in Einstein's theory of relativity,
the inertial and gravitational effects of mass are relativ-
istic: ambiguous rather than clear.

People often thought that, in Einstein's theory of rela-
tivity, inertial mass and gravitational mass were the same.
In fact, Einstein's relativistic mass also distinguishes be-
tween inertial mass and gravitational mass, involving the
relativistic mass-speed relation, mass-energy formula,
gravitational field equation and gravitational motion equa-
tion, and even Planck equation.

According to the theory OR, Einstein relativity theory
is that of the optical observation agent OA(c). For ease of
distinction, we agree to use the following symbols:

(1) mo: the rest mass (independent of observation);

(2) m(c)=m,(c): Einstein's moving mass or Einstein's

inertial mass;

(3) mg(c): Einstein's gravitational mass.

Here m(c) or m,(c) and mg(c) are all the relativistic
masses of the optical observation agent OA(c), which con-
tain observational effects and apparent phenomena, and

are not entirely objective and real.

2.2.2 Einstein's Photon Mass

According to Einstein relativity theory, a photon, as a
material particle, should possess both the rest mass m, and
the moving mass m.

However, Einstein's photons seem quite peculiar: they
only have moving mass but no rest mass.

The Rest Mass of Photons: me=0

According to Einstein's mass-speed relation (Eqg. (1)),
if the speed v of the observed object P reaches the speed of
light c, either its rest mass mq becomes infinitely small, or
its moving mass m becomes infinitely large.

A physical quantity of infinity contradicts the principle
of physical observability: no observation agent can ob-
serve it. Therefore, Einstein could only set the rest mass of
photons to zero: me=0.

In fact, however, a physical quantity of infinitesimal
also contradicts the principle of physical observability: n
physical quantity of infinitesimal Qp implies that the phys-
ical quantity 1/Qp is infinitely large; either the observed
object P does not exist, or the physical or material effects
of P represented by Qp do not exist.

The Moving Mass of Photons: m=hf/c?

Einstein's theory of relativity alone cannot determine
the moving mass m of a photon. Therefore, Einstein had to
resort to Planck equation E=hf, although Planck equation
was originally just a hypothesis and did not belong to the
theoretical system of Einstein relativity theory.

According to Einstein's theory of special relativity,
since a photon has no rest mass (my=0), it naturally has no
rest energy: E,=moc?=0. Therefore, the kinetic energy of a
photon is K=E-E,=E=mc?. The energy E=hf in Planck's
hypothesis of energy quanta is exactly the kinetic energy
of photons. Thus, using Planck equation, Einstein had ob-
tained the relativistic moving mass of photons: m=hf/c?,

The moving mass of photons obtained in this way is
not only used in the inertial-motion model of photons, but
also in the gravitational-interaction model of photons.

2.2.3 Hawking Singularity

Our reason and logic dictate that the mass of a material
object P at a specific moment should be deterministic and
unique. However, according to Einstein's relativistic mass-
speed relation (Eqg. (1)), the mass of P not only can expand
but also depends on observation.

As depicted in Fig. 1, for an apple resting on the sur-
face of the earth, its mass observed by the relatively sta-
tionary observer Qg is the rest mass m, of the apple; but its
mass observed by the relatively moving observers O" and
O” are its moving masses, which are greater than the rest
mass: m(v")>m(v')>m,——the higher the speed of the ob-
server relative to the apple, the greater the moving mass of
the apple will be. So, different observers, such as the sta-
tionary observer O, the train observer O’ and the plane
observer O”, have different masses of the apple.

This means that Einstein's relativistic mass relies on or
depends on observation and observers, and is not entirely
objective and real.
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The theory of OR has clarified that the rest mass mq is
the objective and real mass of matter, possessing objec-
tively real inertial and gravitational effects. Removing the
rest mass m,, then the remaining part Am=m-m, of Ein-
stein's relativistic moving mass m is purely an observa-
tional effect of the optical agent OA(c), rather than the ob-
jectively real physical existence, and naturally, has no ob-
jectively real inertial and gravitational effects.

Therefore, the null rest mass of photons would imply
that photons have no objective and real mass. This would
signify that photons would have no objectively real mo-
mentum and energy, and so that photons would no longer
be the objectively physical existence.

The reason for the formation of such a paradox lies in
Hawking Singularity.

Plane Observer: 0"

Stationary Observer: O,

Information Wave
§ (Speed )
J J\'\’\NW

Apple Mass
m,<m'<m"

The Observed Object: P

Figure 1 The Mass of an Apple: m”>m’'>mo

Annotations: (1) Observed object P: an apple; (2) Stationary ob-
server Oo: a balance or an observer stationary relative to P; (3) Ob-
server O": a train driver; (4) Observer O": a plane driver; (5) mo: the
rest mass of the apple; (6) m' and m”: the moving masses of the apple
observed by O' and O", respectively.

There is a singularity in the mass-speed relation of
Einstein special relativity: Hawking Singularity. The the-
ory of OR also has Hawking Singularity.

The theory of OR has discovered that light and pho-
tons play a special role in Einstein theory of relativity. Ein-
stein theory of relativity, both the special and the general
is a theory of optical observation armed with the optical
agent OA(c). OA(c) adopts light as the observation me-
dium, so the information wave of it is light and the infor-
mons of it are photons.

Therefore, in Einstein theory of relativity, the physical
quantities of light and photons, including the speed of light
and the mass of photons, are all located at the singularities
of its theoretical model.

Based on the mass-speed relation of his special rela-
tivity, Einstein deduced that the rest mass mo of photons is
zero, and precisely, the speed of light v=c falls at the sin-
gularity of the mass-speed relation m=mo/\(1-v?/c?).

In his book A Brief History of Time, Hawking wrote
[241: «Mathematics cannot really handle infinite numbers.
At singularity, the theory itself breaks down or fails.”

It can be seen that the rest mass of a photon is not truly
zero, which only means that Einstein's mass-speed relation
fails at Hawking Singularity (v=c).

The singularities in all theoretical models of Einstein

relativity theory root from Einstein's hypothesis of the in-
variance of light speed, and is characterized by the Lorentz
factor in the Lorentz transformation: y=1/\(1—?/c?),
where the singularity v=c can be referred to as the Lorentz
singularity. Similarly, there is the general Lorentz trans-
formation in the theory of OR, in which the general Lo-
rentz factor is 7"=1/N(1-*/7?), and the singularity v=7
can be referred to as the general Lorentz singularity.

Both the Lorentz singularity and the general Lorentz
singularity are referred to as Hawking Singularity in this
article and even in the theory of OR.

3 From the EPM Original Intention
to the Theory of OR

Originally, the author of OR believed in Einstein's the-
ory of relativity, holding the belief that the universe pos-
sesses the invariant and unsurpassable speed. However,
based on the dialectical materialist view of nature, the au-
thor of OR cannot accept Einstein's assertion that photons
have no rest mass.

Therefore, the author attempted to establish a theoret-
ical model of expected photon mass (EPM) that could con-
fer the rest mass on photons.

Unexpectedly, however, the theoretical model of EPM
has evolved to be the theory of OR.

3.1 The Ultimate Speed of the Universe
and the EPM model

The so-called ultimate speed of the universe refers to
the speed that cannot be surpassed.

In 1905, based on the Michelson-Morley experiment,
Einstein proposed the principle of the invariance of light
speed, theoretically derived the Lorentz transformation,
and finally, established his theory of special relativity
and his theory of general relativity [,

The hypothesis of the invariance of light speed is the
fundamental and indispensable logical premise of Einstein
relativity theory, including the special and the general.

The hypothesis of the invariance of light speed implies
that the speed of light is the ultimate speed of the universe,
which cannot be surpassed by any other form of matter
motion in the universe.

The author of OR once even believed that the ultimate
speed of the universe is not only unsurpassable, but also
inaccessible or unattainable by all forms of matter motion
in the universe, including light or photons.

Perhaps, the ultimate speed of the universe should be
defined with A as follows.

Definition 3.1 The Ultimate Speed of the Universe:
The speed |v|>A (<+w) at which the frequency f of the
matter wave of a moving object P converges infinity is re-
ferred to as the ultimate speed of the universe.

To keep the feasibility of logical deduction, Definition
3.1 does not limit the speed of matter motion to reach A.
However, although the frequency of light waves is very
high, it is still finite. Therefore, the speed of light may be
less than the ultimate speed A of the universe defined in
Definition 3.1: c<A. In this case, the mass-speed relation
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m=mo/V(1—v?/c?) in Einstein theory of special relativity
might be rewritten as:

m,

J1—v2/A?
This is the EPM model envisioned by the author.

If the moving mass m of photons and the ultimate
speed A of the universe could be determined, the rest mass
m, of photons could theoretically be calculated:

m, =my/1—v2/4% (>0);.
then the rest mass m, of photons would no longer be zero.
Definition 3.1 has two direct logical consequences.

Corollary 3.1 (Observational Limit Speed A): The
observed speed v of any moving object P cannot exceed
the ultimate speed A of the universe, that is, Vv |v|<A.

Corollary 3.2 (Ultimate Speed Invariance): Relative
to all inertial observers, the ultimate speed A of the uni-
verse is the same or invariant.

According to the theoretical model of EPM (Eq. (2)),
the ultimate speed A of the universe should be greater than
the speed of light ¢ in vacuum; otherwise, photons would
still be unable to acquire the rest mass.

So, what exactly is the ultimate speed A?

3.2 The Logical Deduction of EPM Model: A=n

The author of OR originally thought that the invariant
speed, i.e., the ultimate speed of the universe, is the A de-
fined by Def. 3.1 rather than the speed of light c. Based on
this idea, the author embarked on establishing an axiom
system, in the hope of being able to deduce a spacetime
transformation relation for the theoretical model of EPM
that confer the rest mass on photons.

Compared to Newtonian mechanics and Einstein rela-
tivity theory, the model of EPM or theory of OR has more
basis logical premises and axiom system [-31:

(I) The Principle of Physical Observability
(1) The Conditions of Wave-Particle Duality

(1) The Principle of Frequency-Speed Relation
(2) The Definition of the Ultimate Speed
(3) The Principle of OR Speed Addition

(111) The Definition of Time
(IV) The Principle of GOR Equivalence
(V) The Principle of GOR Covariance

As stated by the theory of OR ['], in the axiom system
of OR, only the definition of OR time serves as an indis-
pensable logical premise for the theory of OR, including
IOR and GOR.

Time is the most basis physical quantity in physics: in
a sense, the definition of OR time can be regarded as the
first principle or the most basic logical premise.

In the axiom system of OR, the principle of physical
observability and the conditions of wave-particle duality
only serve as auxiliary logical premises for the theory of
IOR. To deduce the theory of GOR based on IOR, there
are two additional auxiliary logical premises in the axiom
system of OR: the principle of GOR equivalence and the
principle of GOR covariance.

m= W<c<4; m<w) (2)

The logical deduction of the model of EPM and the
spacetime transformation of OR requires a physical quan-
tity, whose physical significance is very clear [*: the speed
of the spacetime information of the observed object P rel-
ative to the observer O, denoted as 7.

Theoretical derivation has led to an intriguing logical
consequence 2% A=7!

3.3 Physics and Observation

A =n suggests that the so-called ultimate speed of the
universe is actually only the speed 7 at which the infor-
mation on the observed object P is transmitted, depending
on the observation medium that is employed in observation
by the observer O.

Thus, the theory of OR has discovered that all theoret-
ical systems in human being's physics are linked to specific
observation media or specific observation systems and
must be branded with observation. Human being's percep-
tion of the objective world relies on observation and is also
restricted by observation. This has led to the formation of
the concepts of Observation Agent and Observational
Locality in the theory of OR.

This implies that the relativistic physical quantities of
the observed object P, including the relativistic moving
mass of P, are physical quantities observed by a specific
observation agent OA(7) (7<), restricted by the obser-
vational locality of OA(7) (7<), and not completely ob-
jective and real.

3.3.1 Observation Agent: OA(7)

Theoretically, all forms of matter motion or matter
waves can serve as observation media to transmit the in-
formation on the observed object P for the observer O.

The theory of OR establishes an important concept:
Observational Agent.

Observation Agent: The observation agent OA(#) or
observation system (P,M(7),0) employs the observation
medium M(7) to transmit the information about the ob-
served object P for the observer O at a speed 77; the matter
wave M(r) transmits information is referred to as the in-
formation wave of OA(#), and the matter particles con-
stituting the information wave of OA(#) are referred to as
the informons of OA(7).

The concept of Informon originates from Zeleznikar,
referring to the material particles that can load and transmit
information 231,

Theoretically, the information wave of the general ob-
servation agent OA(7) (0<#7<co; 7—0) can be any form of
matter motion and the informons of OA(7) can be any ma-
terial particles, even a rock. Naturally, the information-
wave speed 7 of OA(#) can theoretically be any value.

In particular, OA. (—x) represents the idealized ob-
servation agent of Galileo and Newton; OA(c) (rn—c) rep-
resents the optical observation agent of Einstein.

The theory of OR is the theory of the general observa-
tional agent OA(7) (0<n<oo; n—0), which is the complete
theory in Hawking's sense, so that Newton's classical me-
chanics and Einstein's relativity theory are in Hawking's
sense merely two partial theories of OR 1,
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3.3.2 Observational Locality: VOA(7) n<cw

In modern physics, the principle of locality plays an
important role 2271, The principle of observational local-
ity can be expressed as a corollary of locality principle.

The Principle of Observational Locality (POL) >
According to the principle of locality, the information-
wave speed 7 of a realistic observation agent OA(7) must
be finite or limited (77 <w); it takes time for the information
wave of OA(7) to cross space.

All observation agents with which human beings per-
ceive the objective world, such as the human eye and ear,
have the observational locality.

The theory of OR has discovered that all relativistic
effects or phenomena, including time dilation and length
contraction, the relativity of simultaneity, the null rest
mass of photons, spacetime curvature, and even the invar-
iance of light speed, are observational effects and apparent
phenomena rather than the objective and real physical re-
alities, the root and essence of which lie in the observa-
tional locality of human observation agents.

3.4 The Invariance of Information-Wave Speeds
and the Theory of OR

Theoretically, all forms of matter motion or matter
waves, not just light or electromagnetic interaction, can
serve as observation media or information waves to trans-
mit the information about observed objects for observers;
the information-wave speed (the transmission speed of ob-
served information) 7 of the observation agent OA(#) can
be any speed, not just the speed of light c.

A=n leads to an important theorem:

The Invariance of Information-Wave Speeds --

Vue(-nn) n®u=n".

The theorem of the invariance of information-wave
speeds tells us that if observers employ an specific obser-
vation agent OA(7) to perceive or observe the objective
world, due to the observational locality (77<w) of OA(7),
the information-wave speed 7 of OA(7) becomes the ulti-
mate speed A of the observers. Therefore, from the per-
spective of the observers, the information-wave speed 7 of
OA(n) is invariant relative to the observers or OA(#7) and
cannot be surpassed by the speeds of observed objects.

This implies that the universe does not truly possess an
ultimate or unsurpassable speed. The speed of light is not
really invariant. The invariance of light speed is merely a
special case of the invariance of information-wave speeds,
and it is valid only if observers observe the physical world
through light or electromagnetic interaction.

Einstein's theory of relativity, both the special and the
general, has been in existence for over 100 years. So far,
people still do not understand why the speed of light is in-
variant. However, readers must understand the invariance
of information-wave speeds.

As stated in OR serial report 1 [l the invariance of
information-wave speeds is not only a product of logic and
theory, but also has empirical basis and empirical evi-
dences, supported by observations and experiments. In the
Michelson-Morley experiment, the invariance of light
speed is only a phenomenon, whereas the invariance of

information-wave speeds is the essence. As an empirical
evidence, the Michelson-Morley experiment is not a sup-
port for Einstein's invariance of light speed, but a support
for the invariance of information-wave speeds.

OR serial report 1 ™ has elucidated how to deduce the
theory of OR based on the invariance of information-wave
speeds, including IOR and GOR.

Based on the axiom system of OR, starting from the
definition of time, to the invariance of time-frequency ra-
tio, to A =n, to the invariance of information-wave speeds,
ultimately, the author's original intention of EPM has
evolved into the theory of OR.

3.5 OR Goes beyond EPM Original Intention

The theory of OR has achieved and surpassed the orig-
inal intention of EPM.

The theory of OR has revealed the root and essence of
the relativistic effects in Einstein's theory of relativity: all
relativistic effects or relativistic phenomena, including the
inertial and the gravitational, are observational effects and
apparent phenomena caused by the observational locality
(c<w0) of Einstein's optical agent OA(c).

Einstein's assertion that photons have no rest mass is
limited to the perspective of optical observation, and its
root also lies in the observation locality (c<e) of the opti-
cal observation agent OA(c).

OR serial report 2 only discusses photon-mass issue.

The theory of OR suggests that the rest mass of pho-
tons is not really zero.

As the author of OR wishes, the theory of IOR theo-
retically proves that photons, like all other materal parti-
cles, have the rest mass of their own: my>0; the theory of
GOR predicts that the rest mass of a photon with frequency
fis mo=hf/c?.

4 10OR Proves:
Photons have the Rest Mass

Photon-mass problem 1:
Does a photon have the rest mass of its own?

The answer of the theory of I0R is affirmative.

The theory of Inertial Observational Relativity (IOR)
has generalized and unified Newton's inertial mechanics
and Einstein's special relativity ™.

According to the theory of OR: the rest mass is exactly
the objectively real mass of matter; all material particles,
including photons, have the rest mass of their own (see
Chapter 5 of the 1% volume IOR of OR monograph 9).

4.1 10R Mass-Speed Relation

The theory of IOR is a theory of inertial motion for the
general observation agent OA(7) (0<n<co; 7n—), in
which the IOR factor 7°(77,v)=1/N(1-v¥/ 1) is the charac-
teristic physical quantity of I0OR, characterizing the rela-
tivistic effects of the inertial spacetime and inertial motion
of the object P observed by OA(7).

If v<n, the IOR relativistic factor 7°(7,v) can be de-
composed into the Galilean factor 7. and the observa-
tional-effect factor A7"(n,v) in term of the Taylor series:
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=I,+A'(n,v)

I, =lim I'(nv)=1 3)
n—co

ATC )_1v2+1-3v4+1-3-5v6+
MY =T At T 2 4 606

where 7 is the information-wave speed of OA(7), and v is
the speed of the observer O relative to the observed object
P, the Galilean factor 7..=1 is the factor of the Galilean
transformation under the idealized observation agent OA.,
independent of observation, representing the objective and
real spacetime; the IOR observational-effect factor
AT (n,v) purely depends on the observation agent OA(7),
representing pure observational effects and apparent phe-
nomena, rather than the objectively physical existence.

The theory of IOR theoretically derives the IOR mass-
speed relation of inertial spacetime related with the IOR
factor I"(n,v) for the general observation agent OA(7)
(0<77<00; 7p—>00):

m
0A(): m(n,v) =I'(n,vVIm, = ———=
? J1—1v2%/n? “)
in which, like Einstein special relativity, the observed ob-
ject P of OA(#) also has two types of mass, the rest mass
mo and the moving mass m.

Like Einstein's mass-speed relation (Eg. (1)), the IOR
mass-speed relation (Eq. (4)) is also relativistic, relying on
the relative speed v between the observer O and the ob-
served object P. Therefore, the moving mass m of P is also
a relativistic mass: m=m(v).

However, the IOR mass-speed relation indicates that,
in essence, the moving mass m of the observed object P
depends on observation, on the observation agent OA(7),
and on the information-wave speed 77 of OA(77): m=m(7).
The lower the 7 is, the more significant the relativistic ef-
fects exhibited by P are. Therefore, the theory of OR refers
to the relativistic mass m as the observed mass, i.e., the
mass observed by the observation agent OA(7).

The theory of IOR is the theory of the general obser-
vation agent OA(7). For ease of distinction, we agree to
use the following symbols:

(1) m,: the rest mass;

(2) m(77)=m,(7): the moving mass observed by OA(7)
or the inertial mass observed by OA(7).

4.2 10R Mass: the Mass Observed by OA(7)

According to the IOR mass-speed relation, the IOR
moving mass m=m(#) is the observed mass with the gen-
eral observation agent OA(7), depending on observation:
for the same observed object P, different observation
agents have different observed masses. This suggests that
the IOR moving mass m=m(#) contains the observational
effects and apparent phenomena caused by the observa-
tional locality (77<) of the observation agent OA(#), and
is not completely objective and real, but only a sort of mass
in the sense of observation.

Like Einstein's mass-speed relation (Eg. (1)), the IOR
mass-speed relation (Eqg. (4)) also has Hawking Singular-

ity: v=n. Following Einstein's logic, we should set the rest
mass of the informons of all observation agents to zero.

Such a paradox stems from Einstein's misconception
of Hawking Singularity (v=c) in his mass-speed relation.

Of course, this does not mean that the rest mass of the
informons of OA(#) (including the photons of OA(c)) is
really zero. It only means that, in Hawking's words, the
IOR mass-speed relation fails at Hawking Singularity
(v=n), and that, restricted by the observational locality
(<) of the observation agent OA(#), the speed v ob-
served by OA(7) cannot reach and exceed the information-
wave speed 77 of OA(7): v<7.

If v<n, the IOR moving mass m(#,v) or inertial mass
m,(n,v) can be decomposed in term of the Taylor series
(Eq. (3)) of I'(n,v) as follows:

m(n,v) =m, + Am(n,v) (v <n)

m, = Iym, (I,=1) (5)
{Am(n. v) = AI'(n,v)m,

where m is the rest mass, i.e., the observed mass with the
idealized agent OA., representing the objective and real
mass of the observed object P; Am(7,v)=m(#,v)—m; is the
apparent mass, i.e., the purely observational effect and not
the objectively physical existence, entirely depending on
the observation agent OA(7).

Given the relative v between the observer O and the
observed object P, the higher the information-wave speed
n of OA(7), the smaller the apparent mass Am(n,v) be-
comes, and the closer the IOR observed mass m(#,v) is to
the objective and real rest mass m, of P.

The observed mass m(7,v) in the IOR mass-speed re-
lation has generalized and unified Einstein's relativistic
moving mass m(c) and Newton's classical inertial mass
M.=Mm, .. From the broad perspective of the general obser-
vation agent OA(7) (0<n<co; n—>x), we will re-examine
Einstein's relativistic moving mass and Newton's classical
inertial mass.

4.3 Einstein's Relativistic Moving Mass:
the Mass Observed by OA(c)

In fact, Einstein's moving mass m(c,v) or inertial mass
m, (c,v) merely a special case of the IOR observed mass,
that is, the mass m=m(c) (n=c) observed with the optical
agent OA(c).

If n—>c, then OA(7)—>OA(c), and the IOR mass-speed
relation strictly converges to the mass-speed relation of
Einstein special relativity:

m m
0A(c): m(c) = lim 2 = 2
n-c \/1 _ 1,2/772 \/1 _ vz/cz (6)

Einstein's optical agent OA(c) has the observational
locality: c<oo, the observational-effect factor A7"(c,v)>0
and the apparent mass Am(c,v)>0. Therefore, Einstein's
moving mass m(c,v) contains the observational effects of
OA(c), rather than the completely objective and real mass
of the observed object P.

Due to the observational locality (c<oo) of the optical
agent OA(c), we cannot employ OA(c) to measure or de-
termine the mass of the observed object P if P reach or
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exceed the speed of light c.

Einstein's assertion that the rest mass of photons is
zero roots from the Hawking Singularity v=c in the mass-
speed relation of the optical agent OA(c). It does not mean
that the rest mass of photons is really zero, but merely
means that the mass-speed relation of OA(c) fails at the
Hawking Singularity v=c: OA(c) cannot determine the
mass of photons (just as you cannot lift yourself up).

If we aspire to measure the objective and real rest mass
of photons, then we must be equipped with a superluminal
observation agent OA(#) (r7>c).

4.4 Newton's Classical Inertial Mass:
the Mass Observed by OA

Newton's classical mass m. or inertial mass m, ., is also
a special case of IOR observed mass, that is, the observed
mass m=m(x) (1 —o0) with the idealized agent OA...

The information-wave speed of OA. is idealized as in-
finitely large: n—o, with no observational locality, it
takes no time for the information wave of OA., to cross
space. So, the idealized agent OA. might be regarded as
the God's eye: Galileo-Newtonian inertial mechanics rep-
resents objective and real inertial spacetime; its classical
mass m, or inertial mass m, ., is the objective and real mov-
ing mass or inertial mass of the observed object P.

According to the definition of IOR moving mass, as
the observed physical quantity of the idealized agent OA..,
Newton's inertial mass m,., should be the IOR observed
mass M=m(e0) when 77—so0:

. mO
My = My = liM ———==m @)

Equation (7) has enlightening meanings [I:

(1) Newton's moving mass m. or inertial mass m; is
exactly Einstein's rest mass mo;

(2) if we had the idealized agent OA., then we could
measure and determine the objective and real rest
mass m, of photons.

OAy:

4.5 Photons like All Other Material Particles
Possess the Rest Mass

There is no the idealized observation agent OA., in the
objective world: OA, could only exist in human reason.

For a realistic observation agent OA(7) (0<7<o0), the
IOR mass-speed relation (Eg. (4)) also has Hawking Sin-
gularity: v=n, where the speed v of the informons of
OA(n) coincides with Hawking Singularity: v=n. Theo-
retically, any materia particle can serve as an informon of
OA(n). Of course, this does not imply that it has no rest
mass, but that the IOR mass-speed relation fails at the
Hawking Singularity v=x.

According to the IOR mass-speed relation, for any ma-
terial object P being observed, no matter how fast its speed
v is, the idealized agent OA. or an observation agent
OA(n) (n>v) can tell us that P definitely possesses the ob-
jective and real rest mass m, of its own:

m, =mm,v)y1—-v%/n*>0 (Ww<n) (8)
So, the theory of IOR theoretically proves that all

matter or material particles, including photons and even
gravitons, possess the objective and real rest mass of their
own, exhibiting objective and real inertial effects.

This logical consequence conforms to the dialectical
materialist view of nature.

If we can be equipped with a superluminal observation
agent OA(7) (n>c), then we can measure and determine
the objectively real rest mass m, of a photon (v=c):

m, =m(n,c)y1—c?/n* >0 (c<n) 9)

5 GOR Predicts: The Theoretical Value of
the Rest Mass of a Photon is me=hf/c?

Photon-mass problem 2:
How much does a photon weigh ?

According to the theory of IOR: only the rest mass is
the intrinsic and objectively real mass of matter; photons,
like all other material particles, possess the rest mass of
their own, and the objectively real inertial effect of a pho-
ton is just the physical effect generated by the rest mass of
its own. However, the theory of I0OR is still unsure how
much a single photon weighs.

The task of calculating the theoretical value of the rest
mass of photons is left to the theory of Gravitational Ob-
servational Relativity (GOR).

The theory of GOR has generalized and unified New-
ton's theory of universal gravitation and Einstein's theory
of general relativity ™. According to the theory of GOR,
the rest mass of matter not only has inertial effects but also
has gravitational effects.

It is based on the gravitational effects of photons that
the theory of GOR theoretically calculates and predicts the
theoretical value of the rest mass m, of a photon with fre-
quency f: m,=m=nhf/c* (see Chapter 18 of the 2" volume
GOR of OR monograph 291),

5.1 GOR Mass-Speed Relation

The theory of GOR is a theory of gravitational inter-
action for the general observation agent OA(7) (0<n<oo;
n—>), in which the GOR factor 7'(n,v,z)=1N(1~V/ 1
+2y/17) is the characteristic physical quantity of GOR,
characterizing the relativistic effects of the material object
P in gravitational spacetime observed by OA(#).

If a<ny (a®=v?-2y), the GOR relativistic factor
I'(nv,y) can be decomposed into the Galilean factor 7
and the observational-effect factor A7"(n,v,y) in term of
the Taylor series:

1
J1—=W?2 =2/
L, = lim rmuv,p=1 (& =v*-2y<n? (10
Ar(n,v,;()=lf+1'3a—4+1'3'5£+
2n%  2-4n* 2-4-6n°

where 7 is the information-wave speed of the observation
agent OA(7), and v is the speed of the observer O relative
to the observed object P; I..=1 is still the Galilean factor,
i.e., the factor of the Galilean transformation under the

rnvy =

=I,+Ar(n,v,y)
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idealized agent OA.., independent of OA(r), representing
the objectively real spacetime; the GOR observational-ef-
fect factor A7"(n,v) purely depends on the observation
agent OA(n), representing pure observational effects and
apparent phenomena, rather than the objectively physical
existence and reality.

The theory of GOR theoretically derives the GOR
mass-speed relation of gravitational spacetime related with
the GOR factor 7°(7,v,y) for the general observation agent
OA(7) (0<n<o0; —o0):

mO
N

where my is still the rest mass of the observed object P,
m(n,v,y) is the relativistic mass of P observed by OA(7),
related to both the speed v and the Newtonian gravitational
potential y. Therefore, the relativistic mass m(7,v,y) of P
observed by OA(#) contains observational effects and is
not entirely objective and real.

The GOR mass-speed relation indicates that, in es-
sence, the relativistic mass m of P dependent on observa-
tion, on the observation agent OA(7), and on the infor-
mation-wave speed 77 of OA(77): m=m(7). The lower the 7
is, the more significant the relativistic effects exhibited by
P are. Therefore, the relativistic mass m(#,v,y) of the OR
gravitational spacetime is also the observational mass ob-
served with the general observation agent OA(7).

If a<n (a®=v*-2y), then the GOR observed mass
m(n,v,x) can be decomposed into the objectively real rest
mass mo and the purely apparent mass Am(7,v,y) in term
of the Taylor series (Eq. (10)) of I"(n,v,p):

0A(m): m(n,v,p) =

(11)

m(n! vl Z) = mo + Am(nr U! Z) (a < rl)
{mo =Iom, (I=1) (12)
Am(n,v, ) = Al (n, v, ) m,

where mq is still the rest mass, i.e., the observed mass with
the idealized agent OA.,, representing the objectively real
mass of the observed object P; Am(n,v, y)=m(7,v, x)—m is
the apparent mass, i.e., purely observational effect, en-
tirely dependent on the observation agent OA(7), and not
the objectively physical existence. So, Am(#,v,y) has no
the objectively inertial and gravitational effects.

Given the moving speed v of the observed object P and
the Newtonian gravitational potential y where P is located,
the higher the information-wave speed 7 of OA(7), the
smaller the apparent mass Am(rn,v,y) is, and the closer the
GOR observed mass m(,v,y) is to the objectively real rest
mass m, of P.

The GOR mass-speed relation (Eq. (11)) generalizes
the IOR mass-speed relation (Eq. (4)); the GOR observed
mass m(7,v,y) generalizes the IOR observed mass m(7,v).

5.2 GOR Mass: the Mass Observed by OA(7n)

Like the theory of IOR, the mass in the theory of GOR
as a theory of gravitation for the general observation agent
OA(7) (0<n<oo; —o0) is also the observational mass ob-
served by OA(#), or called the GOR observed mass, which
may not necessarily be completely objective and true.

However, unlike the theory of IOR, the mass in the

theory of GOR not only has inertial effects but also has
gravitational effects. It is worth noting that the observed
inertial mass and gravitational mass under the realistic ob-
servation agent OA(7) (0<#n<c0) are different.

So, the concepts of inertial mass and gravitational
mass, which originated from Newton, truly acquire their
existence value and significance in the theory of GOR.

5.2.1 GOR Inertial Mass and Gravitational Mass:
Observed by OA(7)

Newton thought matter might have inertial mass and
gravitational mass: inertial mass embodied the inertial ef-
fects of matter; gravitational mass embodied the gravita-
tional effects of matter.

Einstein introduced the concepts of moving mass and
rest mass in his relativity theory. However, it seemed that
Einstein had never explicitly used the concept of gravita-
tional mass. People thought that in Einstein's theory of rel-
ativity, gravitational mass and inertial mass were equal. In
fact, it is also needed for Einstein relativity theory to dis-
tinguish between inertial mass and gravitational mass.

Based on the GOR mass-speed relation (Eq. (11)), the
theory of GOR defines two concepts on observed mass for
the general observation agent OA(r) as below.

The Inertial Mass Observed by OA(7):

_ Mo
mI(T]) - F(U;U'X)|X=0mo - 1— vz/nz (13)

The Gravitational Mass Observed by OA(7):

m,
= [' , D, v= 0 =
mg(m) = I, v, )lp=om v W

The GOR definitions (Egs. (13-14)) on observed mass
clarifies the concepts of inertial mass and gravitational
mass in the theory of OR. Note that the concept of inertial
mass in GOR (Eqg. (13)) is equivalent to the concept of
moving mass in IOR (Eq. (4)).

Itis worth noting that the inertial mass m,(77)=m(7,v,0)
(Eq. (13)) of the observed object P in GOR gravitational
spacetime is generally not equivalent to the gravitational
mass mg(77)=mg(7,0,%) (Eq. (14)) of P: mg(77)=m, (7).

In particular, the GOR observed inertial mass (Eq.
(13)) has generalized and unified the relativistic inertial
mass of Einstein's optical agent OA(c) and the classical in-
ertial mass of Newton's idealized agent OA..; the GOR ob-
served gravitational mass (Eq. (14)) has generalized and
unified the relativistic gravitational mass of Einstein's op-
tical agent OA(c) and the classical gravitational mass of
Newton's idealized agent OA...

So, in the theory of OR, the GOR mass (Eq. (12)) ob-
served by the general observation agent OA(7) ((0<#7<oo;
n—) has generalized and unified the relativistic mass of
Einstein's optical agent OA(c) and the classical mass of
Newton's idealized agent OA...

5.2.2 Einstein's Inertial Mass and
Gravitational Mass: Observed by OA(c)

Einstein's theory of relativity is also needed to distin-
guishes between the inertial mass m, (c,v,0) and the gravi-
tational mass mg(c,0,7). Actually, the relativistic mass in
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Einstein general relativity is merely a special case of the
GOR observed mass, that is, the observational mass ob-
served by the optical agent OA(c).

As the mass observed by the general observation agent
OA(7), the GOR observed mass naturally generalizes the
mass observed by the optical agent OA(c) in Einstein gen-
eral relativity.

If n—c, then OA(77)—>0OA(c), and the GOR inertial
mass m,(77)=m(n,v,0) (Eq. (13)) observed by OA(7)
strictly converges to the inertial mass m,(c)=m(c,v,0) ob-
served with the optical observation agent OA(c) in Ein-
stein general relativity:

(©) = limI'(n, v, )| o
m;(c) =limI'(, v, )l y=0mo = ——=  (15)
n-c /1 — UZ/CZ

If n—c, then OA(7n)—O0A(c), and the GOR gravita-
tional mass mg (77)=m(7,0,%) (3\(14)) observed by OA(7)
strictly  converges to the gravitational mass
mg (c)=m(c,0, ) observed with the optical agent OA(c) in
Einstein general relativity:

(c) = limI"(y, v, )| 0

meg(c) = lim , U, —oMm, = ——

G noc n X)ly=0Mop 1 +2)(/C2 (16)
Due to the observational locality of the optical agent

OA(c): c<oo, both the inertial mass m,(c)=m(c,v,0) and the

gravitational mass mg(c)=m(c,0,7) in Einstein's general

relativity contain the observational effects of OA(c), and

are not the completely objective and real.

People, including physicists, often mistakenly thought
that, in Einstein theory of relativity, inertial mass was
equal to gravitational mass, and frequently incorrectly em-
ployed Einstein’s relativistic moving mass as gravitational
mass in the theoretical models of gravitational interaction.

In fact, in Einstein's theory of general relativity, the
moving mass or inertial mass m,(c)=m(c,v,0) (Eq. (15)) is
not equal to the gravitational mass mg(c)=m(c,0,z) (Eq.
(16)): mg (c)=m, c).

5.2.3 Newton's Inertial Mass and
Gravitational Mass: Observed by OA

In Eq. (7) of IOR, m,, represents only the idealized ob-
served mass in inertial spacetime and does not signify
Newton's classical mass. As the observed mass of the ide-
alized observation agent OA., Newton's classical mass m.
should be the idealized observed mass m.=m(c0) in the
GOR mass-speed relation (Eqg. (11)) if the information-
wave speed 7 of the observed agent OA(#) is idealized as
infinity (7—o0):

My = m(w) = limI'(y, v, y)m,
n—-oco
m
= lim 2 =m (17)
21— v2/n? + 2x/n?
Significantly, Eq (17) indicates that Newton's classical

mass m. is exactly the objective and real rest mass of mat-
ter or matter particles: me=mo.

Newton's classical inertial mass m,(o,v,0) and classi-
cal gravitational mass mg (0,0, %) are also special cases of
the GOR observed mass, that is, the observed mass with
the idealized observation agent OA..

As the mass observed with the general observation
agent OA(r), the GOR observed mass naturally general-
izes the mass observed with the idealized observation
agent OA.,, that is, Newton's classical mass.

If n—oo, then OA(7)—0A., and the GOR inertial
mass m,(77)=m(n,v,0) (Eq. (13)) observed by OA(7)
strictly converges to the inertial mass m;.=m(e,v,0) ob-
served with the idealized agent OA. in Newton's classical
mechanics:

M, = My(0) = ,}L%F(Tl,v,)()lpomo =m, (18)

If n—oo, then OA(7)—>0OA., and the GOR gravita-
tional mass mg(7)=m(7,0,7) (Eq. (14)) observed by
OA(n) strictly converges to the gravitational mass
Mg=M(20,0, %) observed with the idealized agent OA. in
Newton's classical mechanics:

Moo =g (=) = M (0,2, 0lv=omo =M~ (19)

Just like Eq. (7), Egs. (17-19) have significant enlight-

ening implications ™:

(1) Newton's classical mass m., inertial mass m;c,
and gravitational mass mg. are all equivalent to
the objective and real rest mass m, of matter or
matter particles:

Moy = My = Mgeo = M, (20)

(2) The idealized agent OA. has no the observational
locality (r7—0), and therefore, Newton's classical
mass M., represents the objective and real mass of
matter or material particles, presenting both the
objectively real inertial effects and gravitational
effects of matter;

(3) There is no need to distinguish between the iner-
tial mass m,.. and the gravitational mass mg. for
the objectively real mass of matter.

5.3 GOR Energy: the Energy Observed by OA(7)

Like the theory of IOR, the energy in the theory of
GOR as a theory of gravitation for the general observation
agent OA(7) (0<n<oo; p—o0) is also the observational en-
ergy observed by OA(7), or called the GOR observed en-
ergy, which may not necessarily be completely objective
and true.

However, unlike the theory of IOR, the energy of mat-
ter or material particles in the theory of GOR not only has
kinetic energy but also has potential energy.

5.3.1 GOR Kinetic Energy and Potential Energy:
Observed by OA(7)

According to the principle of GOR relativity or GOR
covariance: all observers are equal or have equal rights; all
observation agents are equal or have equal rights %91, So,
the laws of physics have the same form or the correspond-
ing relationship of isomorphic consistency for both differ-
ent observers and different observation agents.

Therefore, in the gravitational spacetime observed by
the general observation agent OA(7), the observed object
P, like in that observed by the idealized agent OA., has
both the kinetic energy K(7) and the potential energy V(7),
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and the total energy H(7), following the principle of en-
ergy conservation: H(n)=K(n)+V(n).

Based on the GOR mass-speed relation (Eq. (11)), the
theory of GOR defines two concepts on observed energy
for the general observation agent OA(r) as below.

The Kinetic Energy Observed by OA(#):

K(U) = (F(U, v:X)l)(:O - 1)mo772 (21)
The Potential Energy Observed by OA(#7):
V() = (1 =T @, 0)lp=0)mon? (22)

Then, the total energy of the observed object P in the
GOR gravitational spacetime is:

Hm) =Km) +V(n)
= (v, 0ly=0 = T, v, VDlp=o)mon?

The GOR observed kinetic energy (Eq. (21)) has gen-
eralized and unified the relativistic kinetic energy of Ein-
stein's optical agent OA(c) and the classical Kinetic energy
of Newton's idealized agent OA..; the GOR observed grav-
itational mass (Eg. (22)) has generalized and unified the
relativistic potential energy of Einstein's optical agent
OA(c) and the classical potential energy of Newton's ide-
alized agent OA...

So, the GOR energy-conservation formula (Eq. (23))
have generalized and unified Einstein's relativistic energy-
conservation formula and Newton's classical energy-con-
servation formula.

(23)

5.3.2 Einstein's Kinetic Energy
and Potential Energy: Observed by OA(c)

The energy of matter or material particles in Einstein's
theory of general relativity is that observed with the optical
observation agent OA(c) and is a special case of the GOR
observed energy.

If n—c, then OA(7)—OA(c), and the GOR kinetic en-
ergy K(7) (Eq. (21)) observed by OA(7) strictly converges
to the kinetic energy K(c) observed with the optical agent
OA(c) in Einstein's general relativity:

K(e) = imK(p) = (F(e,v, Dly=0 = Dmoc®  (24)

If n—c, then OA(77)—>OA(c), and the GOR potential
energy V(n) (Eg. (22)) observed by OA(#) strictly con-
verges to the potential energy V(c) observed with the opti-
cal agent OA(c) in Einstein's general relativity:

V(e =limV () = (1= e v, 0l-odmee?  (25)

Naturally, if n—c, the total energy (Eq. (23)) H(#7) of
the object P in gravitational spacetime observed with the
general observation agent OA(7) strictly converges to Ein-
stein's relativistic total energy, that is, the total energy H(c)
observed with the optical agent OA(c):

H(c) =1limH(n) = K(c) + V(c)
e (26)
= (I, v, 0)ly=0 = T (€, v, ) lymo )Mo 3

5.3.3 Newton's Kinetic Energy
and Potential Energy: Observed by OA

The energy of matter or material particles in Newton's

theory of universal gravitation is that observed with the
idealized observation agent OA.. and is also a special case
of the GOR observed energy.

If 7—00, then OA(7)—>0OA.., and the GOR kinetic en-
ergy K(#) (Eq. (21)) observed by OA(#) strictly converges
to the kinetic energy K., observed with the idealized agent
OA.. in Newton's gravitation theory:

K, = K(») = limK(n)
T]—)OO
_ , 1, (@)
= }Ilglgo(F(n. v, 0ly=0 = )mon? = 5mov
Equation (27) is exactly Newton's classical-kinetic en-
ergy formula: Ko=m..v?/2.

If 7—>oo, then OA(77)—>0A., and the GOR potential
energy V(n) (Eg. (22)) observed by OA(#) strictly con-
verges to the potential energy V.. observed with the ideal-
ized agent OA. in Newton's gravitation theory:

V, = V() = limV(n)
n—)i)O
GMm, (28)
T

= lim (1 = I'(1,v, Dlo=0)mon® = =

Equation (28) is exactly Newton's classical potential-
energy formula: V.=—GMm./r.

Naturally, if 7—oo, the total energy (Eq. (23)) H(7) of
the object P in gravitational spacetime observed with the
general observation agent OA(7) strictly converges to
Newton's classic total energy, that is, the total energy
H.=H(o0) observed with the idealized agent OA:

1 GMm,,
H,.=K,+V,= Emwvz -

However, as the matter energy from the perspective of
the idealized observational agent OA.. (the God's eye),
Newton's inertial mass and gravitational mass are not that
in the observational sense, but the objective and real en-
ergy of matter or matter particles.

5.4 GOR Redshift:
Gravitational Redshift Observed by OA(7)

Before formally establishing his theory of general rel-
ativity, Einstein predicted based on the principle of equiv-
alence that light in a gravitational field would be curved
and exhibit gravitational redshift. This is Einstein's famous
predictions of the gravitational deflection of light and the
gravitational redshift of light.

Actually, Newton's theory of universal gravitation can
also predict the gravitational deflection of light and the
gravitational redshift of light.

In gravitational fields, all matter or material particles,
not just light or photons, may exhibit gravitational deflec-
tion and gravitational redshift. Of course, they may also
exhibit gravitational blueshift.

In terms of gravitational redshift, suppose a material
object moves in a gravitational field, its energy should fol-
low the principle of energy conservation: its kinetic energy
and its potential energy constantly change or transform,
but the total energy is conserved. Gravitational redshift
means the decrease in the kinetic energy of the object; the
gravitational blueshift means the increase in the kinetic

(29)
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energy of the object.

5.4.1 Einstein's Gravitational Redshift of Light

The gravitational redshift or blueshift of light refers to
that, in gravitational spacetime, the frequency of light or
photons changes with the variation of gravitational poten-
tial: the decrease of light frequency, i.e., redshift, means
the decrease in the kinetic energy of photons; the increase
of light frequency, i.e., blueshift, means the increase in the
kinetic energy of photons.

Z A\ Orthogonal Spacetime: g;0=0 (i=1,2,3) . B

Static Spacetime: dggo/0t=0

The Spacetime Metric
at Point A a

goo(r'a)
L "N;'

%Y . LightSource
k (Light Clock)

h .
MmN
.
Y
X

— &olrs)
The Spacetime
Metric at Point B

The Center of Gravity

N

7
The Star M: the Source of Gravity Y
The Redshift of light in a Spherically
X Symmetric Gravitational Spacetime

Figure 2 The Redshift of Light
in Spherically Symmetric Gravitational Spacetime

Annotations: The star M is the gravitational source and center of
spherically-symmetric gravitational spacetime. The light source
(light clock) Te stationary at the point A in the gravitational
spacetime of M emits a light signal with the frequency fa towards
the distant point B. The observer stationary at the point B receives
the light signal with the frequency fs. According to Einstein's prin-
ciple of equivalence and Einstein's theory of general relativity,
fs<fa: the optical signal while propagating in gravitational
spacetime exhibits gravitational redshift phenomenon.

Einstein's theory of gravitational redshift of light is the
product of his theory of general relativity. Considering the
motion scene of light or photons in the spherically-sym-
metric gravitational spacetime depicted in Fig. 2, Ein-
stein's the gravitational-redshift formula of light can be de-
duced based on the principle of equivalence and the effect
of potential clock ¢

:A_f:f —fa _ 1_\/900(C:7'B)

Zg

f fB ,;goo(c, T'A) (30)
2 GM
(900(0,7‘) =1 +C—)2(: X= —T)

where Zg is the relative value of Einstein's gravitational
redshift of light (Ze<0 means redshift), G is the gravita-
tional constant, M is the star or its mass, ra (where the light
source or light clock Te is stationary) and rg (where the
observer O armed with the optical observation agent
OA(c) is stationary) are the distances from the center of
gravity to the points A and B, goo(c,r) is the 00-element of
the spacetime metric g, at the distance r from the center
of gravity, fa and fg are the frequencies of light at A and
B, and Af is the absolute value of frequency shift of light
between A and B.

The simplest and most feasible way to test or verify
Einstein's prediction for the gravitational redshift of light
is for the observers of the earth to observe the solar spec-
trum coming from the sun.

Let ra be the radius Rs of the sun and rg be the distance
Rs+Dse between the sun and the earth, where Dse>>Rs,
then, based on Einstein's gravitational-redshift formula
(Eg. (30)), the gravitational redshift of the solar spectrum
can be calculated theoretically:

_ V9oo(6,Rs+Dsg)  GMs
V9oo(c,Rs) Rsc? (1)
=-212%x107°

where Ms is the mass of the sun, and Zg<0 mean redshift.

ZE=1

Adam (1959 %)) provided the actual observed value of
the redshift in the solar spectrum: Z=-2x10-°. Blamont
and Roddier (1961 %) and Brault (1963 ') provided
more accurate observed value: Z=-2.12x10-%, which is
consistent with Einstein's prediction within the accuracy
range of 5%.

The actual observation and spectral analysis of the sun
seem to support Einstein's prediction for the gravitational
redshift of light based on his general relativity.

The scenario of observing the solar spectrum by the
observers on the earth can be approximately idealized as
the scenario of observing the solar spectrum by the observ-
ers in the free spacetime Sg: rs—, goo(c,rs)—1; ra=Rs,
goo(C,I’A):l—ZGMs/RsCZ.

5.4.2 Pseudo Newtonian
Gravitational Redshift of Light

Newton's theory of gravitational redshift of light
should naturally be the product of Newtonian mechanics,
without the need for the principle of equivalence or the ef-
fect of potential clock.

Just as people expect to see the difference in the pre-
dictions of the gravitational deflection of light between
Einstein and Newton, they also expect to see the difference
in the predictions of the gravitational redshift of light be-
tween Einstein and Newton.

Unlike the situation of gravitational deflection, how-
ever, Einstein's theory of gravitational redshift of light
seems to lose the challenge and competition coming from
Newtonian mechanics. Newton's prediction of the gravita-
tional redshift of light seems to be the same as Einstein's:
they are lack observational distinguishability.

To predict the gravitational redshift of light based on
Newtonian mechanics, it is necessary to first determine the
inertial mass and gravitational mass of photons. However,
in Newtonian mechanics, the mass of photons is uncertain.

At present, the so-called Newtonian gravitational-red-
shift formula of light %] takes Einstein's relativistic mass
m as Newton's classical inertial mass m,. and gravitational
mass Mg, and borrows Einstein formula E=mc? belonging
to Einstein relativity theory and the Planck equation E=hf
belonging to quantum mechanics:
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Af  Ahf
=T
AE AV Vg — V)
T E T TmezT T me? (32)
1 ( GMsm GMSm) GMg
" mc2\Rg+Dsz; Ry ) Ryc?

where Zpy is the relative value of the pseudo Newtonian
gravitational-redshift formula of light, E is the kinetic en-
ergy of a photon in vacuum, AE and AV are the Kinetic-
energy difference and potential-energy difference of the
photon between the points A and B, and Va and Vg are the
potential energy of the photon at A (the sun) and at B (the
earth), respectively.

By comparing the pseudo Newtonian gravitational-
redshift formula (Eq. (32)) and Einstein's gravitational-
redshift formula (Eq. (31)), it can be seen that they are
highly approximate and extremely difficult to distinguish
in observation.

Accordingly, people think that Einstein's theory of
general relativity and Newton's theory of universal gravi-
tation are rather consistent in terms of the gravitational
redshift of light.

5.4.3 Newton's Gravitational Redshift of Light

In fact, Eq. (32) is not truly the gravitational redshift
of light based on Newtonian mechanics, but a mixture of
Newton's mechanics, Einstein's relativity theory, and even
Planck's quantum theory, which can be called the pseudo
Newtonian gravitational-redshift formula of light.

Purely based on Newtonian mechanics, the theory of
OR has derived the true Newtonian gravitational-redshift
formula of light, and has incorporated it into the theoretical
system of GOR.

The essence of the gravitational redshift of light is the
transformation of the kinetic and potential energy of pho-
tons, following the principle of energy conservation.
Therefore, the definition and deduction of the gravitational
redshift of light should be based on the perspective of en-
ergy or the idea of energy conservation, rather than the
principle of equivalence or the effect of potential clock.

Based on the idea of energy transformation and the
principle of energy conservation, according to the mass
formula (Eg. (20)) and energy formulae (Egs. (27-29)) of
GOR theory, Newton's gravitational redshift of light can
be defined as follows:

7 AKoo AV, Voo (rB) Vo (TA)
N = = — —_ —
KOO Hw - Voo HOO - Voo 17
1 GM " 3)
Moo
(Hoc = KFoo = Emoocz; Voo(r) = - r )

where Zy is the relative value of the Newtonian gravita-
tional-redshift of light (Zn<0 means redshift), mo is the
classical mass of photons in Newtonian mechanics (as
stated in Sec. 5.2, my is equal to the rest mass m, of pho-
tons), K. and AK are the classical kinetic energy and in-
cremental of photons, V«(r) and AV., are the classical po-
tential energy and incremental of photons, H. is the total
classical energy of photons, that is, the kinetic energy Krw

of photons in the free spacetime Sr observed with the ide-
alized agent OA.,).

Thus, by continuing to derive from the definition of
Newtonian gravitational redshift of light (equation (33)),
the true gravitational redshift equation of Newtonian light
can be obtained:

Thus, continuing to derive from the definition of the
Newtonian gravitational redshift of light (Eq. (33)), the
true Newtonian gravitational-redshift formula of light can
be obtained:

(_GMmoo/rB) - (_GMm:m/rA)
(M,,c?/2) = (=GMm,, /1g)
_ 2GMrg (1 1)
T 1gc? +2GM
Considering the scenario where an observer armed
with the idealized agent OA., on the earth or in the free
spacetime Sg observes the solar spectrum: M=Ms, ra=Rs,

rs— o0, and then the Newtonian-gravitational formula (Eq.
(34)) of light is reduced to:

Zy =
(34)

™ 7Ta

, _ZGMrB< 1)_ 26Ms _ .
N7 rpe? )~ Rec?2 ~ 7E (35)

It can be seen that the gravitational redshift Zy of light
based on Newtonian mechanics is twice that of Einstein's
gravitational redshift Zg: Zy=2Zg, which is not equal to
Einstein's theoretical prediction.

This is in line with the logic of the theory of OR: dif-
ferent observational agents, Newton's idealized agent OA.
and Einstein's optical agent OA(c), should have observed
different gravitational redshift of light.

Later, we will verify the validity of the true Newtonian
gravitational-redshift formula (Eq. (34)) of light.

5.4.4 GOR Gravitational Redshift of Light

As stated in Sec. 5.3.3, the essence of the gravitational
redshift of light is the transformation of the kinetic and po-
tential energy of photons, following the principle of energy
conservation.

Based on the idea of energy transformation and the
principle of energy conservation, according to the GOR
mass formulae (Egs. (13-14)) and energy formulae (Egs.
(21-23)), the gravitational redshift of light observed by the
general observation agent OA(7) (r7>c) can be defined as:

Zogn = MKa_ AV Vylrs) Vi)
K, H,—V, H, — V,(rs)
mc? n=c) (36)
H,=Kp, =
! Fa {(rl)(=0 |v=c — 1)"10772 n=c

V() = (1 = I'ly=g)m,en?

where Zgor is the relative value of the gravitational red-
shift of light observed by OA(#7) (Zn<0 means redshift),
m, is the rest mass of the photon, and m=m(c) is the mov-
ing mass of photons observed by the optical agent OA(c),
K, and AK,, are the kinetic energy and incremental of pho-
tons observed by OA(7), V,(r) and AV, are the potential
energy and incremental of photons observed by OA(#) by
OA(7), H, is the total energy of photons observed by
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OA(7) (i.e., the kinetic energy Ky, of photons in the free
spacetime Sg observed by OA(#)), and I"'=I"(n,v,y) is the
GOR factor.

Thus, based on Egs. (21-23), from the definition (Eqg.
(36)) of the gravitational redshift of light observed by the
general observation agent OA(7) (77>c), one can derived
the GOR gravitational-redshift formula of light:

()
_ 9oo(17,78) 9oo(17,7a) (37)
GOR Kpy — (1 —1/7/900(n, rB))moUZ

Later, we will verify the validity of the GOR gravita-
tional-redshift formula (Eq. (37)) of light.

5.5 How Much does a Photon Weigh?

The theory of IOR has proven that photons, like all
other material particles, possess the rest mass of their own.
However, the theory of IOR fails to theoretically calculate
the rest mass or weight of photons.

Now, the GOR gravitational-redshift definition (Eqg.
(36) and formula (Eqg. (37)) of light provides us with the
important information about the rest mass of photons.

If 7—c, then the Zgor in Eq. (37) observed by OA(#n)
(n>c) is reduced to the gravitational redshift of light ob-
served by the optical agent OA(c), that is. Einstein's grav-
itational redshift Zg of light, where the kinetic energy of a
photon in absolute vacuum (the free spacetime Sg) ob-
served by OA(c) is Kr,=Kg(c)=mc?.

For the gravitational-redshift scene of light depicted in
Fig. 2, according to the GOR gravitational-redshift for-
mula (Eq. (37)) of light, it should hold true in the observa-
tion of Einstein's optical agent OA(c) that:

Zoa(e) = }]i_r)réZ GOR

( m,c? )_( m,c? ) (38)
_ vV 9oo(c, 78) v 9oo(€,7a)

- mec? — (1 - 1/\/900(C'7'B))m052

It is worth noting that, in Eq. (38), m, represents the
objectively true rest mass of the photon, whereas m=m(c)
represents Einstein's relativistic moving mass of the pho-
ton, i.e., the mass observed by the optical agent OA(c).

Consider the scenario where an observer in the free
spacetime Sg observes the solar spectrum through OA(c):
M=Ms, ra=Rs, goo(C,rA)=l—2GMs/R502; I'g—>0, goo(C,I‘B)=
1-2GMs/rgc®—1. Then Eq. (38) is reduced to:

(myc?) — (mocz/\/ Joo(c, TA))

mc?

ZOA(C) =
_ GMsm, (39)

Rsc? m

Compare Eg. (31) and Eq. (39):

Equation (39) is the gravitational redshift formula of
the solar spectrum for OA(c) with Z=AK/K defined based
on the GOR energy-shift theory; whereas equation (31) is
based on Einstein's theory of general relativity, which de-
fines the gravitational redshift of light with Z=Af/f based

on the frequency-shift theory.

The theoretical prediction value Zg=-2.12x107° of
gravitational redshift of the solar spectrum based on Eq.
(31), has been validated by the observations and experi-
ments through the optical agent 2%-34,

In the view of the equivalence between the energy-
shift definition of Z=AK/K and the frequency-shift defini-
tion of Z=Af/f for the gravitational redshift of light, and
under the optical agent OA(c), the kinetic energy E=mc?
=hf of a photon with the frequency f, it holds true from Eq.
(31) and Eq.(39) that:

L g . GMsm, _ GMs
0A(e) = g AN Rsc2m  Ryc?
y (40)
thatis m,=m == (E = mc? = hf)

It turns out that, in Einstein's relativity theory of the
observation optical agent OA(c), the rest mass m, of pho-
tons is exactly the relativistic moving mass m=m(c), and
s0, the m, is not really zero: me=m>0.

Perhaps we are now able to understand why experi-
mental physicists fail to find the rest mass of photons after
going through countless hardships.

By substituting me=m into Eq. (38), it can be seen that
the GOR gravitational redshift Zcor 0r Zoa(y (EQ. (37)) of
light in the case of Zoa() is exactly Einstein's gravitational
redshift Ze (Eq. (30)) of light:

Zoaw) = }]i—IBZGOR

()
_ Joo(c,78) Joo(c,7a)
myc? — (1 =1/ 9oo(c, rB))moCZ
Voo (¢, 78)

=17 B
Goo(c,7a)

This suggests that the GOR gravitational-redshift for-
mula (Eq. (37)) of light has generalized Einstein’s gravita-
tional-redshift formula (Eq. (30)) of light: if n—c, then
Zgor in Eq. (37) is strictly reduced to Einstein's gravita-
tional redshift Ze in Eq. (30).

In particular, the GOR gravitational-redshift formula
(Eq. (37)) of light has also generalized the true Newtonian
gravitational-redshift formual (Eq. (34)) of light.

if 7—00, then Kre=m..c%/2=mqc?/2, Zcor in Eq. (37) is
strictly reduced to Newton's gravitational redshift Zy of
light in Eq. (34):

(41)

E

ZOA(OO) = %i_r)l;lOZGOR

(1 + GM/T'BUZ) - (1 + GM/T'AUZ)

= lim

Uil c2/21* + GM [rg 12 (42)
26Mrg (1 1
- 2) -2
8C2 +2GM\rg 14

In this way, the GOR gravitational-redshift theory of
light has generalized and unified Einstein's gravitational-
redshift theory of light and Newton's gravitational-redshift
theory of light. This confirms the logical consistency and
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theoretical validity of the GOR gravitational-redshift for-
mula of light, and also confirms the validity of Newton's
gravitational-redshift formula (Eq. (34)) which is based on
the energy-shift definition of Zn=AK/K-.

Meanwhile, from one aspect, this confirms the correct-
ness of the theoretical value of the rest mass of photons
predicted by the theory of GOR: me=m.=m=m(c).

According to the GOR theoretical prediction value of
Eqg. (40), photons of different frequencies have different
rest masses or different objectively real masses: the rest
mass m, of a photon with frequency f is my=hf/c?.

The recommended values of physical constants:

Light speed ¢=2.99792458x108 m/s
Planck constant h=6.62607015x10734J-s

The rest mass of a visible red photons with the fre-
quency of f=4.5x10“Hz is
_6.62607015 x 1073% x 4.5 x 1014
Mo = (2.99792458 x 108)2 (43)

=3.31762380 x 1073¢ (kg)

And whereas the rest mass of a gamma photon with
the frequency of f=10% Hz can reach

_ 6.62607015 x 1073 x 102
Mo = T(2.99792458 x 10°)2 (44)

= 7.37249732 x 10731 (kg)

Now, the task to measure and determine the rest mass
of photons by observations and experiments is left to ex-
perimental physicists.

It should be pointed out that both Einstein theory of
relativity and the theory of OR imply an important ideal-
ized assumption in the concept of the rest mass: the rest
mass m, of a material object or a matter system is static or
time-invariant, that is,

0
5 Mo =0 (45)
Actually, all material objects or matter systems con-
stantly radiate gravitons and gravitational waves outward,
and interact with external gravitons and gravitational
waves at all times. According to the theory of OR, all ma-
terial particles, including gravitons, have their objectively
true rest mass. So, the mass of any material body must be
time-variant: me=m(t).

6 Discussion

According to the theory of OR, Einstein's relativistic
mass contains observational effect and apparent phenom-
enon, not completely objective and real; the objective and
real mass of matter or material particles should be New-
ton's classical mass, i.e., Einstein's rest mass, which has the
objectively real inertial and gravitational effects.

The theory of IOR has proven that photons, like all
other matter particles, possess the rest mass of their own.
The theory of GOR has further proven that the rest mass
of photons, like all other matter particles, is both the iner-
tial mass and the gravitational mass, possessing not only
inertial effects but also gravitational effects.

In particular, the theory of GOR has predicted that the
theoretical value of the objective and real rest mass of a
photon with frequency f is my=m..=m=m(c) =hf/c?.

So, what does it mean for photons to have rest mass?

6.1 Photons: Energy Quanta or Mass Quanta?

The theory of OR supports the materialist view of na-
ture: the natural world is the world of matter, a material
object or a matter system, no matter a massive star or a tiny
photon, must have the mass of its own if it objectively ex-
ists, otherwise it does not exist. According to the theory of
OR, the objectively real mass of matter is the rest mass,
that is, exactly Newton's classical mass rather than Ein-
stein's relativistic mass.

As early as 1756, Mikhail Lomonosov proposed the
law of the conservation of matter or mass *2: the mass of
matter is conserved. This law links the existence of matter
and the mass of matter, and even, makes them equivalent.

The law of the conservation of energy that is widely
accepted and Lomonosov's law of the conservation of
mass can be regarded as the most important dual principles
in the objectively physical world.

As clarified by the theory of OR, Lomonosov's and
Newton's views on energy and mass are correct: the energy
of matter and the mass of matter are independent of each
other: mass is mass; energy is energy. The mass of matter
is conserved; and the energy of matter is conserved, too.
Whereas Einstein's mass-energy relation E=mc? is not the
objectively physical existence.

Mankind needs to reacquaint and re-understand Lo-
monosov's law of the conservation of matter or mass.

The theory of OR has clarified that all matter or mate-
rial particles have the objectively real mass, that is, exactly
Newton's classical mass and Einstein's rest mass. This sug-
gests that all matter or mater particles, no matter celestial
bodies, photons, or gravitons, are mass quanta rather than
energy quanta.

The fact that photons possess the rest mass confirms
the conclusion of the theory of OR: there are no the energy
quanta with no mass in the objectively physical world.

6.2 Photons and Quantum Effects

In 1900, Planck theoretically derived the Planck for-
mula for blackbody radiation based on his energy-quantum
hypothesis, which was highly consistent with blackbody
radiation experiments, and known as Planck's law 2.

However, the most important thing is not Planck's law
itself, but the hypothetical logical premise: E=hf, which
suggests that the energy of light is discrete rather than con-
tinuous, which laid the first foundation stone for quantum
theory, and marked the birth of quantum mechanics 431,

However, Planck himself did not seem to enjoy the
quantization of the energy of light. In people's traditional
beliefs, the energy of matter or material particles should be
continuous rather than discrete. Planck had no choice but
to construct the hypothesis E=hf of energy quanta: in order
to theoretically derive the blackbody-radiation formula,
Planck had to employ the energy-quantum hypothesis as
his logical premise.
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Now, the theory of OR tells us that photons have the
rest mass. This suggests that photons are mass quanta, not
energy quanta with no mass. Thus, both the momentum
and energy of photons are the physical effects of the ob-
jective and real mass of photons.

The theory of OR has elucidated ?®I: quantum me-
chanics based on the Planck hypothesis E=hf of energy
quanta is also a partial theory in Hawking's words 241, be-
longing to the optical agent OA(c). Like relativistic effects,
quantum effects are also observational effects, where pho-
tons act as the informons of OA(c) and perturb the objects
observed by OA(c).

Actually, in Planck’s blackbody radiation experiment,
the object observed by Planck was light, and the observa-
tion medium that transmitted the information about the ob-
served object to Planck was also light. Photons, as mass
quanta with the rest mass, act as informons for the optical
agent OA(c), representing the highest resolution of the op-
tical agent OA(c). Naturally, the minimum scale for meas-
uring energy by OA(c) must be the energy e=hf of a single
photon.

Therefore, the quantization of energy measured with
the optical agent OA(c) is natural and inevitable. Continu-
ous energy measurement could only occur in idealized ob-
servation scenarios of the idealized agent OA...

So, Mr. Planck would not have had to worry about his
hypothesis of energy quanta and his quantization of photon
energy. What truly cannot be accepted by our reason
should be the non-discrete continuity of mass and energy.

It should be pointed out, the fact that photons have the
rest mass tells us: the quantum effects in the quantum me-
chanics based on the Planck equation E=hf are in essence
not the physical effects of photons as energy quanta, but
the physical effects of photons as mass quanta.

In essence, the quantum effects observed in the micro-
physical world are due to the quantization of matter mass
rather than the quantization of matter energy.

6.3 Photons and Wave-Particle Duality

In the history of human physics, there have always
been two doctrines about the materiality of light: Newton's
Corpuscular Theory of Light (1675 2°)): Huygens' Wave
Theory of Light (1678 %)

Nowadays, it is widely accepted that light or photons
possesses the wave-particle duality: a photon itself is a
wave, or in other words, a single photon has the properties
of wave. De Broglie further extended the wave-particle du-
ality of light or photons to all matter: a single particle of
matter is a wave, known as a de Broglie wave B,

In fact, there is no such thing as de Broglie wave in the
objectively physical world. As the theory of OR has clari-
fied 2%, de Broglie wave is actually just the information
wave of the optical observation agent OA(c), which loads
with the information about the observed object P, includ-
ing its mass, momentum and energy.

The doctrine of the wave-particle duality of light con-
fuses the two different existence forms of photons and
light waves, and confuses the individual behavior of a sing
photon as an individual and the collective behavior of light

as the group of photons.

According to the theory of OR, photons, like all other
material particles, have the rest mass. This fact tells us that
Newton's corpuscular theory of light is correct [2I: light is
composed of microscopic material particles, we now call
them photons; all material particles, including photons,
obey the same laws and rules of physics.

Of course, this does not mean that Huygens' wave the-
ory of light is wrong.

Newton's corpuscular theory of light describes the ma-
terial composition of light; Huygens' wave theory of light
describes the wave characteristics of light.

Particles are particles, waves are waves.

A material particle, as a physical entity, is the smallest
or most fundamental unit of a specific substance; A wave
is a group of material particles, which exhibits the behav-
ioral characteristics of waves.

Newton tells us that light is composed of microscopic
material particles: countless photons form light, converg-
ing into an ocean of light or photons, just like countless
H>O molecules form water, lakes, rivers, and seas.

Huygens tells us that light, as a group of photons, ex-
hibits wave effects. Huygens' wave theory of light system-
atically elaborates the wave nature of light, including the
reflection and refraction phenomena of light.

We are familiar with the story of Einstein and light:
photons had no mass; therefore, the speed of light was in-
variant and photons could never stop.

So, does light or photons really never stop?

Waves, such as light waves, sound waves, water
waves, gravitational waves, and even all matter waves,
seem to have a certain mechanism that can maintain the
intrinsic speeds of their own. This unique mechanism of
maintaining speed is the collective effect or aggregate ef-
fect exhibited by countless material particles converging
into waves. The material particles in a matter wave move
with the wave. As the kinetic energy of material particles
decreases, the frequency of the wave decreases, so that the
intrinsic speed of the wave remains unchanged; as the ki-
netic energy of material particles increases, the frequency
of the wave increases, so that the intrinsic speed of the
wave remains unchanged.

However, it is difficult for a single particle to possess
such a mechanism to maintain the speed of its own.

The physical properties of matter waves require fre-
quency f and wavelength A as their characteristic physical
quantities. However, our reason tells us that it is difficult
for an isolated matter particle or photon in the free space-
time or absolute vacuum to exhibit the physical properties
of waves and to describe its physical effects with fre-
quency f and wavelength A.

We repeatedly emphasize that photons possess the rest
mass and are in essence mass quanta rather than energy
quanta. Therefore, the momentum p and kinetic energy K
of an isolated photon depend on its rest mass my: in the free
spacetime observed by the idealized agent OA., p=mqC
and K=moc?/2 (we temporarily regard c as the initial speed
of photons when being emitted in absolute vacuum). As an
isolated photon moves in the universe that is not an
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absolute vacuum, like a bullet moving in the earth's atmos-
phere, its momentum and Kinetic energy will inevitably
gradually decay. You cannot expect the photon to abandon
some mass to maintain its intrinsic speed c. The only result
is that, like the bullet, the photon must be slower and
slower, and finally stop.

Actually, both photons and light waves are not what
Einstein imagined: they cannot fly forever. The unique
mechanism of maintaining speed of light as a group of
photons must be relative: the decrease in the kinetic energy
of photons must lead to the redshift in the frequency of
light, which means the decrease in the total energy of light.
As the total energy of light as a group of photons is con-
sumed to a certain extent, the speeds of light and photons
must be unable to continue to maintain.

This is the essence of Hubble's Cosmological Redshift,
involving the Big-Bang theory, which will be interpreted
in the later OR serial reports.

6.4 The Physical Effects of Photon Mass

The mass of matter, i.e., the quantity of matter con-
tained in a matter object or a matter system, is the sign of
whether matter objectively exists or not: matter must have
mass if it objectively exists, otherwise, it would have not
existed.

There are two types of important physical effects of
matter mass: one is the inertia effect; the other is the grav-
itational effect. According to the theory of OR, the objec-
tive and real mass of matter is exactly Newton's classical
mass and also Einstein's rest mass, but not Einstein's rela-
tivistic mass. The objectively real inertial and gravitational
effects are rooted from Newton's classical mass.

Photons, as Newton said [>°!, are the microscopic par-
ticles of matter called Corpuscles or Photons that obey
the same laws of physics as all other particles of matter. It
is exactly because photons possess the rest mass that, like
all other particles of matter, they exhibit the objectively
real inertial and gravitational effects.

The fact that photons exhibit the objectively real iner-
tial and gravitational effects confirms the logical conclu-
sion of OR: photons have the objectively real rest mass.

6.4.1 The Mass of Photons
and the Inertial Effects of Photons

The inertia effect of photons is evident.

The fact that photons have mass and the fact that pho-
tons has inertia effect can be mutually confirmed.

The quantum effect of light or photons is a sort of in-
ertial effect of light or photons: photons with the rest mass
move at the speed of light ¢, and therefore, they have mo-
mentum and Kinetic energy. As they act as the informons
for the optical agents OA(c), they must perturb the ob-
served object P, causing P to exhibit quantum effects.

Or, conversely, the quantum effects as inertial effects
of light or photons confirms that photons possess the ob-
jectively real mass, i.e., the rest mass.

The Compton effect is an example of the quantum and
inertial effects of light or photons.

In the 1920s, Compton discovered the photon-

scattering effect [l Let X-rays enter certain substances,
the photons collide with the electrons in the atoms of the
substances and scatter. The scattered photons become
softer, their wavelength exhibits redshift and the amount
of redshift is related to the scattering angle 6. Such a scat-
tering phenomenon does not seem to conform to Newton's
classical laws of momentum conservation and energy con-
servation, but conforms to Einstein's relativistic laws of
momentum conservation and energy conservation.

It is based on Einstein special relativity as well as
Planck equation E=hf and de Broglie relation p=h/A that
Compton derived the photon-scattering formula which
conforms to observations and experiments:

AM=2s— 4 = (1 —-cos®) (46)

mec
where 1, and As are the incident wavelength and scattering
wavelength of light photons, h is the Planck constant, c is
the speed of light, m. is the rest mass of electrons, and & is
the photon-scattering angle.

The basic idea behind the logical deduction of Comp-
ton's photon-scattering formula (Eq. (46)) is that the pho-
ton-electron system in photon-scattering experiments fol-
lows Einstein's relativistic laws of momentum conserva-
tion and energy conservation.

Accordingly, Compton was awarded the 1927 Nobel
Prize in Physics.

The Compton effect has become one of the important
empirical evidence supporting Einstein theory of special
relativity. In essence, however, the Compton effect is not
the support for Einstein theory of special relativity, but the
support for the theory of IOR.

Actually, just like Planck’s blackbody-radiation exper-
iment, the observation agent of Compton's photon-scatter-
ing experiment is also the optical agent OA(c): the object
observed by Compton is light and photons, and the obser-
vation medium that transmits the information about the ob-
served object for Compton is also light and photons. Nat-
urally, the photon-scattering effects presented by OA(c)
should be more in line with Einstein's theory of relativity
as the theory of optical observation. However, as the the-
ory of OR repeatedly emphasizes, this does not mean that
Einstein is more right than Newton.

If we could be equipped with the idealized observation
agent OA.,, we would observe the photon-scattering ef-
fects that conform to Newton's classical laws of momen-
tum conservation and energy conservation.

For the general observation agent OA(7) (c<n<w;
n—0), The redshift amount A4 of photon-scattering wave-
length can be equivalently defined by the momentum p(7)
and kinetic energy K(7) observed by OA(7); and based on
the principle of general correspondence ™, the photon-
scattering formula (Eq. (46)) for the optical agent OA(c)
can be transformed into the photon-scattering formula for
the general observation agent OA(7):

Ki(p) —Ks(p) 1

—_— m m - —_ >
s mg (089 1= (4D
where pi(n) and ps(n) are the incident momentum and
scattering momentum of photons observed by OA(#),
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Ki(7) and Ks(#) are the incident kinetic energy and scat-
tering kinetic energy of photons observed by OA(#), and
me is the rest mass of electrons.

In a scattering experiment of photons, once OA(7) ob-
serves the momentum p;(#) and kinetic energy Ki(7) of
the incident photons as well as the momentum ps(#) and
kinetic energy Ks(7) of the scattered photons, the photon-
scattering angle & observed by OA(7) can be calculated
with the photon-scattering formula (Eq. (47)).

As n—c, the photon-scattering formula (Eq. (47) for
the general observation agent OA(#) strictly converges to
the Compton photon-scattering formula (Eq. (46)) for the
optical agent OA(c):

lim K;(m) — Ks(1) _ hfi(c) — hfs(c)

n-c p(mMps(n) h?/2,(c)As(c)

1
= %(,ls(c) - ll(c)) = m—e(l — cos 6)

(48)

where A,(c) and As(c) are the incident wavelength and
scattering wavelength of light observed by OA(c), and
fi(c) and fS (c) are the incident frequency and scattering
frequency of light observed by OA(c).

As n— 0, the photon-scattering formula (Eq. (47)) for
the general observation agent OA(#) strictly converges to
the Newtonian photon-scattering formula for the idealized
agent OA..:

. KI(U) - KS(U) Ky — Koo
lim =
n-o pr(mps(n) ProoPseo

. (49)
=—1(1—-cos0)
me
where p;» and ps. are the incident momentum and scatter-
ing momentum of photons observed by OA., and K. and
Ksw are the incident kinetic energy and scattering kinetic
energy of photons observed by OA...

If we had the idealized observation agent OA., we
could observe Newton's classical momentum p,. and clas-
sical kinetic energy K. of incident photons as well as the
Newton's classical momentum ps. and classical kinetic
energy Ks. of scattered photons, and then, we could cal-
culate the Newtonian scattering angle @ of photons ob-
served by the idealized agent OA. based on Eq. (49).

Like all the formulas in the theory of OR, the OR pho-
ton-scattering formula (Eq. (47)) for the general observa-
tion agent OA(7) has generalized and unified the photon-
scattering formula (Eq. (46 or (48)) for Einstein's optical
agent OA(c) and the photon-scattering formula (Eg. (49))
for Newton's idealized agent OA...

Thus, the photon-scattering formula (Eq. (47)) for the
general observation agent OA(7) (r7>c) in the theory of
OR can be called the general Compton formula.

It should be pointed out that Compton formula (Eq.
(46)) and even the general Compton formula (Eq. (47)) are
that for light rather than for a single photon, and may not
necessarily conform to the experimental scene of an iso-
lated photon.

Similar to Compton formula, the basic idea behind the
logical deduction of the general Compton formula is that

the photon-electron system in the photon-scattering exper-
iment follows the principles of momentum conservation
and energy conservation for the general observation agent
OA(n) (72c).

According to the theory of OR, the objectively real
momentum or kinetic energy of matter particles are actu-
ally the inertial effects generated by the rest mass of matter
particles. The logical deductions of Compton formula and
the general Compton formula indicate that photons have
objectively real inertial effects.

This confirms the logical conclusion of OR from one
aspect: photons have the rest mass.

6.4.2 The Mass of Photons
and the Gravitational Effects of Photons

The gravitational effect of photons is also evident.

The fact that photons have mass and the fact that pho-
tons has gravitational effect can also be mutually con-
firmed.

According to the theory of OR, the rest mass mo of
matter or material particles is exactly Newton's classical
mass M., which is both Newton's classical inertial mass
M and Newton's classical gravitational mass Mge: Me=Me,
=Mx=Mg. Therefore, the rest mass of matter, including
the rest mass of photons, not only has inertial effects, but
also has gravitational effects.

The gravitational redshift and gravitational deflection
of light are both the objectively real gravitational effects
generated by the rest mass of photons: a photon with the
rest mass mo=ms, in a gravitational field, not only has the
kinetic energy K..=m..c%/2 but also has the potential energy
V.=—GMm./r. The gravitational redshift and gravitational
deflection of light have been verified by observations and
experiments. And, as clarified by the theory of OR, if we
had the idealized observation agent OA., we could ob-
serve the gravitational redshift and gravitational deflection
of light that must conform to Newton's theory of universal
gravitation.

This suggests that photons in a gravitational field obey
Newton's law of universal gravitation and Newton's law of
energy conservation: the total energy of classical kinetic
plus classical potential energy of a material object in a
gravitational spacetime is conserved. As Newton specu-
lated: photons, as particles of matter, obey the same laws
of physics as all other material particles do.

The gravitational redshift and gravitational deflection
of light confirm that photons have the rest mass.

Therefore, photons, as mass quanta, are inevitably
subject to gravitational forces; in other words, like all ma-
terial objects or matter particles, photons must be gravita-
tionally interacted with all matter.

Spacetime Curvature
or Gravitational Interaction?

Originally, according to Newton's law of universal
gravitation, gravity is one of the four fundamental interac-
tions in the physical world, that is, a force. After the birth
of Einstein theory of general relativity, however, gravita-
tional interactions were geometrically transformed into the
effects of spacetime curvature: matter makes spacetime
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curved; the curved spacetime makes matter move.

So, the rotation of the earth around the sun is no longer
due to the gravitational interaction between the sun and
earth but due to the spacetime curvature around the sun.

However, it is worth considering that we can feel the
gravity of the earth but we cannot feel the curvature of
spacetime around the earth; and that we can attribute the
deflection of the solar eclipse starlight to the curvature of
spacetime around the sun but we cannot attribute the red-
shift of the solar spectrum to the curvature of spacetime
around the sun.

The theory of OR has clarified that the speed of light
is not really invariant; spacetime is not really curved. The
effects of spacetime curvature, like the invariance of light
speed, is not the objectively physical reality, but a sort of
observational effect and a sort of apparent phenomenon
caused by the observational locality (c<ew) of Einstein's
optical agent OA(c).

The theory of OR has proven that the objectively real
spacetime must not be curved.

So, we have reasons to believe that, no matter the grav-
itational redshift of light or the gravitational deflection of
light, it is caused by the gravitational effect of photon
mass, or in other words, by the gravitational interaction be-
tween the gravitational fields of photons and the gravita-
tional fields of celestial bodies.

It should be pointed out that the photon mass that gen-
erate gravitational effects here is not referred to Einstein's
relativistic mass, but Newton's classical mass, that is, the
objectively real rest mass of photons.

The Mass of Photons
and the Gravitational Redshift of Light

The gravitational redshift of light cannot be explained
with the curvature of spacetime.

According to the theory of GOR, for the gravitational
redshift of light, the decay of the frequency of light are
merely phenomena, whereas the essence is the decay of the
kinetic energy of light or photons, a gravitational effect
caused by the rest mass of photons. In a gravitational field,
photons with the rest mass not only have the kinetic energy
but also have the potential energy. Based on the principle
of energy conservation, as photons move in the gravita-
tional field, the total energy of photons is conserved, the
kinetic energy and potential energy of photons continu-
ously transform: the kinetic energy either decrease or in-
creases, resulting in the redshift or blueshift in the fre-
quency of light waves.

The fact that light exhibits redshift or blueshift in grav-
itational fields suggests that photons have the rest mass.
Thus, the GOR gravitational-redshift formula of light and
the redshift phenomenon of solar spectra provide us with
the information about the rest mass of photons.

It is based on the GOR gravitational-redshift formula
of light that the theory of OR calculates and predicts the
theoretical value of the rest mass of a photon with the fre-
quency f: me=m,=m(c)=hf/c?.

The Mass of Photons

and the Gravitational Deflection of Light

The gravitational deflection of light is Einstein's most
famous prediction from his general relativity.

In 1919, a team led by British astronomer Eddington
observed a solar eclipse on the island of Principe in West
Africa and determined the gravitational-deflection angle &
of starlight passing over the surface of the sun: 6=1.61"
+0.40", verifying Einstein's theoretical prediction of grav-
itational deflection of starlight: 6g=1.75".

In fact, Newton's theory of universal gravitation can
also make a theoretical prediction about the gravitational
deflection of starlight. But Newton's starlight deflection
angle o is only half of Einstein's starlight deflection angle
Oe: ON=0e/2=0.875".

The conclusion of the Edington team's observation for
solar eclipse starlight tends to support Einstein's theory of
general relativity rather than Newton's theory of universal
gravitation. However, just as the theory of OR repeatedly
emphasizes that this does not mean that Einstein's theory
of general relativity is more correct than Newton's theory
of universal gravitation.

Edington's observation for solar eclipse starlight em-
ployed the optical agent OA(c), and naturally, should be
more in line with or inclined to support Einstein's theory
of general relativity. As the theory of OR repeatedly em-
phasizes, if we had the idealized agent OA., we would ob-
serve the objectively real deflection of solar-eclipse star-
light that must be more in line with Newton's theory of
universal gravitation.

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 also has weight
One thing is certain and the rest debate

Light rays, when near the Sun, do not go straight.”

Eddington’s insights are rational and discreet.

In Eddington's view, his solar eclipse observation
could be very certain that Light also has weight. Here,
Eddington conveyed two important messages to us:

(1) Light or photons has weight, and here, Edding-
ton's concept of Weight seems to be more in line
with Newton's gravitational mass;

(2) the deflection of starlight is due to the weight of
light or photons, that is, due to gravity rather than
spacetime curvature.

Eddington's understanding of the mass or weight of
light or photons is simple and plain, in which the concepts
of Weight and Gravitational Mass should be equivalent,
in line with the logical conclusion of OR: photons have the
objectively real rest mass.

So, why did experimental physicists after Eddington
turn a blind eye to the obvious weight of photons, which is
presented in the gravitational deflection of solar-eclipse
starlight?

6.5 Why have Physicists Failed to Find
the Rest Mass of Photons?

As mentioned earlier, many physicists, including the
great Feynman, de Broglie, and Schrodinger %%, sub-
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consciously refuse to accept Einstein's judgment that pho-
tons have no rest mass. Both in the past and at present,
many experimental physicists have been attempting to de-
termine the rest mass of photons through observations and
experiments 171 However, all the attempts have failed,
only leaving a string of upper bounds of the rest mass of
photons that is gradually approaching zero.

The upper limit 1.5x10-%*kg of the rest mass of pho-
tons, which was provided by PDG % in 2014 is already
very close to Einstein's speculation based on his mass-
speed relation: photons have no rest mass.

Since the gravitational effects of light, including the
gravitational redshift and deflection of light, are caused by
the rest mass of photons rather than spacetime curvature,
since the inertial effects of light suggests that photons have
the inertial mass and the gravitational effect of light sug-
gests that photons have the gravitational mass, since the
theory of OR has proven that photons have the objectively
real rest mass like all other matter particles, and since the
theory of OR has theoretically predicted the rest mass of
photons to be Me=m.=m,.=mg.=hf/c?, why have experi-
mental physicists, after countless hardships, been unable
to find the rest mass of photons?

Physicists have come up with many ways to determine
the rest mass of photons. According to Proca's massive-
photon correction scheme for Maxwell's electromagnetic
equations [*°1, if a photon has the rest mass, there would be
corresponding physical effects and, by examining these
possible physical effects, the rest mass of photons might
be determined: the test of the dispersion effect of light
speed in vacuum, the test of Coulomb's inverse square law,
the test of Ampere's loop law, the test of Schrédinger's ex-
ternal field, the test of interstellar-magnetohydrodynamic
effects, and etc.

By the way, as discussed earlier, light, like other mat-
ter waves, has the unique mechanism for maintaining its
intrinsic speed. So, we may not be able to observe or meas-
ure the dispersion effect of light. But this is not involved
with the rest mass of photons.

Why have they failed to find the rest mass of photons?
Firstly, photons could not lift themselves up.

Experimental physicists did not realize that, at present,
the observation agent they employ to observe or measure
the rest mass of photons is the optical agent OA(c). Ac-
cording to the theory of OR, due to the observational lo-
cality (c<c) and observational perturbation-effect (h>0)
of OA(c), the information wave (light wave) and infor-
mons (photons) of OA(c) cannot determine the mass of
photons themselves.

Secondly, physicists turn a blind eye to the rest mass
of photons that is right in front of them.

The Compton effect, gravitational deflection of light,
and the gravitational redshift of light have presented the
objective and real mass of photons before our eyes.

The theory of OR tells us that the relativistic moving
mass m of photons in Einstein theory of special relativity
is in fact the rest mass m, of photons. Experimental physi-
cists regard Einstein's photon moving mass as the objec-
tive and real mass of photons, and then, try to find the rest

mass m, of photons beyond the so-called moving mass m
of photons. This is tantamount to turning a blind eye to the
objective and real rest mass of photons in front of them.

Physicists' understanding of the rest mass of photons
might be described in the verses of an ancient Chinese poet
as: They failed to see the true face of Mount Lu, but only
because they were right in Mount Lu.

Maybe now the theoretical prediction of the theory of
OR for the rest mass of photons can help experimental
physicists measure and determine the rest mass of photons
through observations and experiments.

Conclusion

As a new theory in human being's physics, the theory
of Observational Relativity (OR), both IOR and GOR, has
brought us new discoveries and new insights. OR serial re-
port 1 reported the significant discoveries of OR: the speed
of light is not really invariant; spacetime is not really
curved. This article, OR serial report 2, has reported to
readers another significant discovery of OR: the rest mass
of photons is not really zero.

The original intention of the theory of OR was just to
explore the objective and real mass of photons.

The theory of Inertial Observational Relativity (IOR
for short) has theoretically proven that photons, like all
other particles of matter, have the objectively real mass,
which is Einstein's so-called rest mass m,, and is also New-
ton's classical mass m., both Newton's inertial mass m;
and Newton's gravitational mass Mge: Mo=Mw=M;c=Mge.

The theory of Gravitational Observational Relativity
(GOR for short) has theoretically calculated and predicted
the rest mass of photons: me=m..=m(c)=hf/c?, which is
based on the gravitational redshift effect of photons and
the observation of solar spectra.

According to the theory of OR, only the rest mass is
the objectively real mass of matter. The fact that photons
possess the objective and real rest mass is in line with the
dialectical materialist view of nature: a matter system, no
matter a massive star or a tiny photon, if it objectively ex-
ists, must have the rest mass of its own; otherwise, it must
not exist objectively.

According to the theory of OR, both Einstein's relativ-
istic effects and Planck's quantum effects are the observa-
tional effects of the optical agent OA(c), and not com-
pletely the objective and real physical existence. Due to
the observational locality (c<w) and perturbation effects
(h<0), the optical agent OA(c) is unable to measure the
mass of photons. Einstein's speculation that the rest mass
of a photon is zero from the mass-speed relation of his spe-
cial relativity does not conform to the objectively physical
reality, but only means that his relativity theory fails at
Hawking Singularity (v=c).

Light and photons play a special role in modern phys-
ics: the information wave of the optical agent OA(c) is
light and the informons of OA(c) is photons.

The relativity theory established by Einstein and the
quantum theory laid the basis by Planck are the most im-
portant theoretical foundations of modern physics. Thus,
modern physics, like Einstein's relativity theory and
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Planck's quantum theory, also is in essence the product of
the optical observation agent OA(c). As the theory of op-
tical observation, modern physics does not represent the
objectively physical world, which is valid or effective only
under the optical agent OA(c).

Naturally, the doctrine of the null rest mass of photons
as the product of OA(c), does not conform to the objec-
tively physical existence and reality.

The Swedish physicist Alfvén, a Nobel Prize winner,
ever in his book Cosmology: Myth or Science bluntly
criticized the scientific superstition that have spread after
Einstein relativity theory (4!, In Alfvén's view, science is
becoming more and more like a myth and increasingly
contrary to common sense. The mission of science seems
to be no longer to discover natural laws and explore scien-
tific truths, but to manufacture scientific superstition and
create scientific myths.

Now, the theory of OR has cleared photons' name:
photons possess the objectively real mass; photons are
mass quanta not energy quanta. There are no energy quanta
with no mass in the objectively physical world.

So, mankind needs to re-examine his physics, re-ex-
amine the relativistic effects of light and the quantum ef-
fects of light, re-examine Einstein's relativity theory and
Planck's quantum theory, re-examine modern physics, in-
cluding gauge field theory, quantum gravity theory, string
theory, black hole theory, dark matter theory, Hubble's the-
ory of cosmological redshift, the Big Bang theory, and all
the doctrines of modern physics belonging to the optical
observation agent OA(c).

Mankind needs to re-examine his view of matter and
mass, and to re-examine his view of nature.
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