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Abstract: The theory of Observational Relativity (OR) is a new theory in physics. For ease of understanding, the author
reports the significant discoveries and new insights of OR to physicists and readers in the form of serial reports. Now, OR
Serial Report 6 reports that, similar to relativistic effects, the quantum effects in the quantum mechanics based on Planck's
quantum hypothesis, including wave-like nature and uncertainty, are also sorts of observational effects. But the difference is
that relativistic phenomena are caused by the observational locality of observation agents, while quantum phenomena are
caused by the observational perturbation of observation agents. The OR axiom system, taking the definition of OR time as
the most basic premise or first principle, has not only deduced the theory of OR, including the inertial OR (IOR) and the
gravitational OR (GOR), but also deduced the theory of observational quantum (OQ), including the general Planck equation
E=h,f, general de Broglie relation p=h, /A, and ORQ identity h,7=C (C=hc). Thus, the whole theoretical system based on
the OR axiom system is a theory of both relativity and quantum, and may be called the theory of observational relativity-
quantum (ORQ). The theory of ORQ is that of the general observation agent OA(7|h;) (0<n<w; h;>0) where nand h, are
respectively the speed of the information wave of OA(77|h;) and the energy-frequency ratio of the informons of OA(7|hy).
The informons of OA(#7|h;) with momentum and energy (h,>0) must perturb the observed object P, causing P to exhibit
quantum effects. The theory of OQ has discovered that the quantum theory based on Planck's quantum hypothesis ¢=hfis a
theory of optical observation adopting the optical agent OA(c|h), i.e., a special case of the theory of OQ, in which the quantum
effects, including wave-like nature and uncertainty, are observational effects caused by the perturbation of the informons
(photons) of OA(c|h), not the intrinsic nature of the physical world or P; the Planck constant h is not a cosmological constant,
but rather the energy-frequency ratio of photons, representing the minimum scale or resolution for OA(c|h) to determine the
mass, momentum and energy of P. Now, the whole theoretical system of ORQ has not only generalized and unified Newtonian
mechanics and Einstein's theory of relativity, but also generalized and unified Einstein's formula E=mc? and Planck’s equation

E=hf, marching towards the unification of relativity theory and quantum theory.
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1 Introduction

The theory of observational relativity (OR) 4 is built
on the basis of the OR axiom system. The theory of OR
has clarified that the only indispensable premise of the OR
axiom system is the definition of OR time. Time is the
most basic concept in physics, and therefore, the definition
of OR time can be regarded as the most basic logical prem-
ise or first principle.

Based on the most basic logical premises, the theory
of OR has generalized and unified Newtonian mechanics
and Einstein's theory of relativity within the same theoret-
ical system under the same axiom system, acquiring the
broad perspective and bringing us significant discoveries
and new insights.

The author repeatedly emphasizes ! that the theory of
OR is not designed or manufactured, but an accident, an
unexpected scientific discovery, being logically inevitable.
However, this accident seems to involve not only the rela-
tivistic effects but also quantum effects of matter motion
and matter interactions. It turns out that the quantum ef-
fects in quantum mechanics are also observational effects.

The OR axiom system, starting from the definition of
OR time, has not only deduced the theory of OR, including
the inertial OR (IOR) and the gravitational OR (GOR), but
also deduced the theory of observational quantum (OQ),

including the general Planck equation £=#;,f, de Broglie re-
lation p=h;, /A, Schrodinger equation, uncertainty principle,
and ORQ identity h,n=C (C=hc).

Thus, the whole theoretical system based on the OR ax-
iom system is a theory of both relativity theory and quantum
theory, which has not only generalized and unified Newto-
nian mechanics and Einstein's theory of relativity, but also
generalized and unified Einstein's formula E=mc? and
Planck's equation E=hf, marching towards the unification
of relativity and quantum theory.

Since OR and OQ are built on the same axiom system
and belong to the same theoretical system, it may be referred
to as the theory of observational relativity-quantum (ORQ).

As a new theory in physics, for ease of understanding,
the author reports the significant discoveries and new in-
sights of ORQ to physicists and readers in the form of se-
rial reports. The OR serial reports 1-5 focus on stating the
theory of OR, including the logical deduction and theoret-
ical derivation, generalization and unification of Newto-
nian mechanics and Einstein's theory of relativity ], and
significant discoveries and new insights of the theory of
OR 591, OR serial report 6 and its subsequent reports will
focus on stating the theory of OQ, including the logical
deduction and theoretical derivation, and significant dis-
coveries and new insights of the theory of OQ.

The theory of ORQ is that of the general observation
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agent OA(n|h;) (0<n<w; h,>0) where 77 and h; are re-
spectively the speed of the information wave of
OA(7n]h,) and the energy-frequency ratio of the infor-
mons of OA(77]h,). The informons of OA(7|h;) with
momentum or energy (h,>0) must perturb the observed
object P, causing P to exhibit quantum effects.

Now, OR serial report 6 reports to readers the discov-
ery of the theory of OQ: the quantum theory based on
Planck's quantum hypothesis ¢=hf is a theory of the opti-
cal observation adopting the optical agent OA(c|h), that is,
a special case of the theory of OQ, in which the quantum
effects, including wave-like nature and uncertainty, are
sorts of observational effects caused by the observational
perturbation of OA(c|h), not the intrinsic nature of the
physical world or P; the Planck constant h is not a cosmo-
logical constant, but rather the energy-frequency ratio of
photons, representing the minimum scale or resolution for
OA(c|h) to determine the mass, momentum and energy of
P. According to the theory of ORQ, Newtonian mechanics
is the theory of idealized observation agent OA(wx|0), in
which the observed object P does not exhibit relativistic
effects nor quantum effects.

Specifically, OR serial report 6 will display to physi-
cists and readers the unification of the Einstein equation
E=mc? the represents relativity theory and the Planck
equation E=hf that represents quantum theory under the
OR axiom system.

Actually, the theory of OQ and the theory of OR were
born at the same time. In 2017, the general Planck equation
E=h,f and the general de Broglie relation p=h,/A ap-
peared simultaneously in the literature reporting the of OR
theory 1%, In 2022, in order to interpret the unification of
the Einstein formula E=mc? and the Planck equation E=hf
under the OR axiom system, the author ever elaborated the
related content and referred to it as Dualistic Relativity
111, But the dualistic relativity only involved the optical
agent OA(c|h) as a special case of ORQ.

Now, from the broad perspective of the general obser-
vation agent OA(#n|h;) and based on the general Einstein
formula E=m7? and Planck equation E=h,,f of ORQ, OR
serial report 6 delve deeper into the wave-particle duality
of matter motion to reveal the essence of the mass-energy
relationship in Einstein's formula E=mc? and the essence
of the Planck constant h in Planck's equation E=hf.

2 Physics and Observation Agents

The theory of ORQ has discovered [ that all theoret-
ical systems or spacetime models of mankind's physics, in-
cluding the Galilean transformation and the Lorentz trans-
formation, including Newtonian mechanics and Einstein's
theory of relativity, are linked to specific observation me-
dia or specific observation systems, and must be branded
by observation without exception.

This is the origin of the names of the theory of Obser-
vational Relativity (OR) and the theory of Observational
Quantum (0Q).

However, throughout history, mankind's physics has
never clearly specified the indispensable role or status of
observation in its theoretical systems or spacetime models.

2.1 The Concept of Observation Agents

In order to clarify the role and status of physical ob-
servation in mankind's physics, the theory of ORQ has pro-
posed three important concepts related to physical obser-
vation B:

(1) Observation Agent;

(2) Information Wave;

(3) Informon

Zeleznikar (2 ever employed Informon to refer to an
Information Entity, and analogized it with an electron.

Since the theory of OR only involves relativistic ef-
fects, the general observation agent is often simply de-
noted as OA(7) (0<#n<wx). Einstein's optical agent OA(c)
(n=c) and Newton's idealized agent OA. (77— ) are just
two special cases of OA(7).

In fact, the theoretical system of ORQ not only con-
tains the theory of OR involving relativistic effects, but
also contains the theory of OQ involving quantum effects.

Therefore, this article officially denotes the general
observation agent of ORQ as

0A(n|h,) (0<n<ow;h,>0) (1)

where 7 and h,, are respectively the speed of the infor-
mation wave of OA(77|h,) and the energy-frequency ratio
of the informons of OA(#n|h,), being regarded as the
eigenvalues of OA(77]h,).

Observation Agent (OA): In mankind's physics, any
theoretical system or spacetime model must be linked to a
certain observation agent OA(77|h,;) or observation system
(0, P,M(n7|h;)) where the information of the observed ob-
ject P must be transmitted to the observer O by a certain
observation medium M(#]h,;) at a certain speed #, so that
the observer O can perceive the observed object P.

In theory, all forms of matter motion or matter interac-
tions, not only light or electromagnetic interaction, can
serve as mankind's observation agents: any matter wave
can be the information wave of OA(77]h,); any matter par-
ticle can be the informons of OA(#7|h,).

However, one OA(n|h;) of mankind's observation
agents must have a finite information-wave speed 7 and a
non-zero energy-frequency ratio: 7<c and h,>0, where
n<oo suggests that OA(77|h,) has the observational local-
ity and must exhibit relativistic effects and h,,>0 suggests
that OA(77]h,;) has the observational perturbation and must
exhibit quantum effects. Therefore, mankind's perception
and cognition of the physical world not only get benefit
from his observation agents, including his sensory organs
and the observation instruments he invents, but also are re-
stricted by the observational locality and perturbation of
his observation agents.

It must be pointed out that the general observation
agent OA(#7|h,) (0<n<w; h,>0) (Eg. (1)) is not a logical
premise of OR and OQ, but a discovery of ORQ, that is, a
logical consequence of the OR axiom system.

2.2 Human Cognition and Observation Agents

The natural world has prepared or equipped various
observation agents for mankind.
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As human sensory organs, the ear is human acoustic
agent and the eye is human optical agent. With the sonar
he invents, mankind can detect the information from the
deep sea; with the radar he invents, mankind can detect
material objects that his naked eye cannot see; with the ra-
dio telescope he invents, mankind can explore the distant
celestial bodies and vast starry sky of the universe.

Restricted by the observational locality and perturba-
tion of his observation agents, mankind can never reach
the other shore of objective truth. The objective truth could
only be touched by mankind's reason.

The limitations of mankind's observation must be re-
flected in mankind's physics: the observational locality has
led to the birth of Einstein’s relativity theory; the observa-
tional perturbation has led to the birth of Planck’s quantum
theory. However, physicists have not truly realized that
different observation agents exhibit different observational
phenomena, and therefore, observational phenomena do
not represent the essence of the natural world.

Even today, the mainstream physics community has
not yet realized that the relativistic effects in Einstein's the-
ory of relativity, including the invariance of light speed
and spacetime curvature, are the observational effects and
apparent phenomena caused by the observational locality
(c<x) of the optical agent OA(c|h), and that the quantum
effects in Planck's quantum theory, including wave-like
nature and uncertainty, are observational effects caused by
the observational perturbation (h>0) of the optical agent
OA(c|h), but not the inherent nature of the natural world.

So, modern physics has formed many erroneous un-
derstandings and even absurd theories 591, giving rise to
many myths and even superstitions that contradict human
reason and common sense 23,

2.2.1 Einstein's Observation Agent

The theory of OR has discovered -°! that Einstein's
theory of relativity, including the special and the general,
is that of optical observation adopting the optical agent.

According to the notation of Eq. (1), Einstein's optical
agent should be denoted as OA(c|h) (=c; h,=h), which
has both the observational locality (c<c) and the observa-
tional perturbation (h>0), and involves both relativistic ef-
fects and quantum effects. However, relative to a macro-
scopic object P, the momentum of a photon is too small to
cause significant perturbation to P. This is the reason why
quantum effects are often regarded as exclusive to the mi-
croscopic world, and also the reason why Einstein's theory
of relativity does not involve quantum effects.

Of course, you can also argue that Einstein's observa-
tion agent is not the realistic optical agent OA(c|h), but the
OA(c|0): half realistic, the speed 7 of the information
wave being the speed of light ¢ with the observational lo-
cality; half idealized, the energy-frequency ratio h,, of the
informons being idealized as zero with no observational
perturbation. So, Einstein's observation agent OA(c|0)
only involves relativistic effects but no quantum effects.

The theory of OR has already clarified (-1 that all the
relativistic effects in Einstein's theory of relativity, includ-
ing the special and the general, including the invariance of
light speed and spacetime curvature, are the observational

effects and purely apparent phenomena caused by the ob-
servational locality (c<w) of his observation agent
OA(c|0), not the objective physical reality and real physi-
cal existence: the speed of light is not really invariant;
spacetime is not really curved.

So, Einstein's theory of relativity, no matter the special
or the general, only presents us with the optical image of
the physical world, and does not represent the completely
objective and real physical world.

2.2.2 Planck's Observation Agent

In 1900 141, in order to theoretically derive the formula
of blackbody radiation, Planck proposed the energy-quan-
tum hypothesis =hf. In the experiment of blackbody ra-
diation, Planck was the observer O, the object P his ob-
served was light or the photon, and what transmitted the
information on P to him was also light or the photon.

So, quantum mechanics based on Planck's quantum
hypothesis ¢=hf is also a theory of optical observation
adopting the optical agent OA(c|h) (77 =c; h,=h), and must
involve both relativistic effects and quantum effects.

However, early old quantum theory and even the quan-
tum mechanics represented by the Schr&linger equation
still followed the energy relations of classical mechanics
and did not involve relativistic effects, and the observation
agent seemed to be OA(O|h): half idealized, the speed of
the information wave being idealized as infinity with no
observational locality; half realistic, the informons being
photons and the energy-frequency ratio h, being the
Planck constant h with the observational perturbation
(h>0). So, Planck’s observation agent OA(0|h) only in-
volves quantum effects but no relativistic effects.

The theory of OQ has discovered 419 that the quan-
tum effects in the quantum mechanics based on Planck's
guantum hypothesis £=hf, including wave-like nature and
uncertainty, are also sorts of observational effects, caused
by the perturbation of the informons (photons) of the opti-
cal agent OA(c|h).

However, it should be pointed out that, unlike the rel-
ativistic effects in relativity theory, the quantum theory
presented in the quantum mechanics based on Planck's
quantum hypothesis =hf are not apparent phenomena,
but the objective and real change in the motion state of the
observed object P due to the perturbation of the informons
(photons) of the optical agent OA(c|h).

In this sense, the quantum effects in the quantum me-
chanics based on Planck's quantum hypothesis ¢=hf, in-
cluding wave-like nature and uncertainty, represent the ob-
jective physical reality and real physical existence in the
(microscopic) physical world.

2.2.3 Newton's Observation Agent

The theory of ORQ has discovered [-°! that Newtonian
mechanics [*1, including Newton's inertial mechanics and
Newton's theory of universal gravitation, is a theory of ide-
alized observation.

According to the notation of Eq. (1), Newton's ideal-
ized observation agent should be denoted as OA(0|0) that
implies two idealized hypotheses: 1) the speed of the in-
formation wave 7 is idealized as infinity (7— o), and
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therefore, OA(x|0) has no observational locality; 2) the
energy-frequency ratio h,, of the informons is idealized as
zero (h,—0), and therefore, OA(«|0) has no observa-
tional perturbation. So, Newtonian mechanics has neither
relativistic effects nor quantum effects.

Of cause, there is no idealized observation agent in the
objective physical world.

However, the idealized observation agent could exist
in human reason. Although both Galileo and Newton did
not realize that their observation agent was the idealized
agent OA(x|0), Galilean doctrine and Newtonian me-
chanics have shown us the power of mankind's reason.

The theory of OR has clarified [*-°] that, in terms of
macroscopic matter motion, Newtonian mechanics as a
theory of idealized observation has no observational local-
ity and apparent relativistic effects, and therefore, repre-
sents the objective and real (macroscopic) physical world.

And, according to the theory of OQ, in terms of micro-
scopic matter motion, Newtonian mechanics as a theory of
idealized observation has no observational perturbation,
and therefore, it cannot reflect the perturbation to the ob-
served object P by realistic observation agents and cannot
presents the objective and realistic quantum effects, no
matter wave-like nature or uncertainty.

It needs to be emphasized: the observational perturba-
tion caused by realistic observation agents is the objective
physical reality and real physical existence; physicists can-
not escape such quantum effects in the micro world.

In this sense, in Hawking's words 6], Newtonian me-
chanics is also a partial theory of mankind's physics.

2.2.4 The ORQ Observation Agent

The theory of OR tells us that, due to the observational
locality (r7<0) of mankind's observation agent OA(#7|h,),
the physical world observed by mankind, both the macro
or the micro, must exhibit apparent relativistic phenomena.
So, mankind's physics gives birth to Einstein's theory of
relativity.

The theory of OQ tells us that, due to the observational
perturbation (h,>0) of mankind's observation agent
OA(7n|hy), the physical world observed by mankind, both
the macro or the micro, must exhibit realistic quantum phe-
nomena. So, mankind's physics gives birth to Planck's the-
ory of quantum.

However, it is not that mankind can only observe the
physical world from the perspective of Einstein or Planck.
The theory of ORQ, including OR and OQ, has been es-
tablished on the OR axiom system as the most basic logical
premises, and therefore, has a perspective and belongs to a
theory of the general observation agent OA(77|h,) (0O<n
<oo; h,>0) that might be called the Eye of God.

It is exactly due to the broad perspective of OA(7|h;)
(0<n<oo; h;>0) that the theory of ORQ can not only per-
ceive the natural world with mankind's optical agent
OA(c|h) from the perspective of Planck or Einstein, but
also cognize the natural world with mankind's reason from
the perspective of Galileo and Newton.

So, the theory of ORQ has generalized and unified
Newtonian mechanics, Einstein's theory of relativity, and
even Planck's quantum physics within the same theoretical
system under the same axiom system.

C,(7): Standard Clock (equivalent matter-wave of P)

(XoYZo): Standard Ruler (Cartesian coordinate system)
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Figure 1 The Standard Clock Co and the Observed Object P[1!1: (a) The standard clock Co can be defined with the
periodic signal originating from the material wave of the observed object P in the inherent observation system
0o (Xo,Yo0,Zo) of free spacetime; (b) The relativistic nature of time originates from the relativity between the standard

time z of Oo and the observed time t of O.

3 Starting from the Definition of OR Time

The theory of OR [l and OR serial report 1 I have
clarified that the only indispensable logical premise in the
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OR axiom system is the definition of OR time, which is a
definition of relativistic time that conforms to the relativ-
istic phenomena observed by mankind.

The OR axiom system, starting from the definition of
OR time as the most basic logical premise or first princi-
ple, has deduced the invariance of time-frequency ratio,
and then has proved the theorem of the invariance of infor-
mation-wave speeds, deriving the inertial-spacetime trans-
formation in differential form and the general Lorentz
transformation in algebraic form. Thereby, following and
analogizing Einstein's logic, the whole theoretical system
of OR, including IOR and GOR, has been established.

The invariance of time-frequency ratio plays an im-
portant role in the theory of ORQ. It was the invariance of
time-frequency ratio dt/f =dz/f, that reminded the author
of de Broglie's frequency-speed relationship of matter
waves, f=fo/V(1-v#c?), and then, anticipated that Ein-
stein's theory of relativity and de Broglie's theory of matter
waves might be unified within the theoretical system of
ORQ under the OR axiom system 111,

3.1 The Invariance of
Time-Frequency Ratio of the Clock

The definition of OR time is the most fundamental log-
ical element of OR axiom system, and the invariance of
time-frequency ratio of the clock is the most direct logical
inference of the definition of OR time, that is, the theorem
of the invariance of time-frequency ratio of ORQ.

The Invariance of Time-Frequency Ratio: Let O be
the observer adopting the observation agent OA(#n|h;), P
the observed object, a periodic signal source with the in-
herent frequency fo; according to the definitions of time
and standard clock 41, define P as a standard clock, then
the ratio dt/f of the time-element dt to frequency f ob-
served by O is an invariant, identical to the ratio dz/f, of
the inherent time-element dz to inherent frequency f, of P:

dt drt dt f
— == =—=F 2
f ar  fo
As depicted in Fig. 1, Eqg. (2) suggests that the rate at
which the time of the identical clock flows varies relative
to different observation agents or different observers. Of
course, this is not because the objective and real time dz
dilates or contracts, but only because different observers
are in different physical environments, or equipped with
different observation agents, or moving at different speeds
relative to the clock.

The invariance of time-frequency ratio plays an im-
portant role in the theory of ORQ including OR and OQ:
not only deducing the OR mass-speed relationship m=
mo/N(1-v¥7r?) and the general Einstein formula E=m7?2
of the general observation agent OA(#|h,), generalizing
the Einstein formula E=mc? of the optical agent OA(c|h);
but also deducing the OQ frequency-speed relationship f=
fo/N(1-v?%/7?) and the general Planck equation E=h,, f of
the general observation agent OA(#|h;), generalizing the
Planck equation E=hf of the optical agent OA(c|h).

For the detailed proof and related statements of the in-
variance of time-frequency ratio, please refer to Sec. 2.3.2
of Chapter 2 of the 1% volume IOR in the Monograph of

or

Observational Relativity [1-4],

3.2 The Clock C, and Observed Object P

In the invariance of OR time-frequency ratio (Eq. (2)
and Fig. 1), the clock C, is the observed object P of the
general observation agent OA(#7|h,).

In theory, any periodic phenomenon, including matter
waves, can be employed to measure time. Any material
object can be regarded as a standard clock.

De Broglie believed ['7-1°] that matter has wave-parti-
cle duality, both a particle and a wave, the so-called Matter
Wave. Thus, any observed object P can be regarded as a
natural clock, the so-called A Rock is A clock 291, that is,
a matter-wave clock: time can be measured with the matter
wave of P. MUler believes 2221 that matter-wave clocks
can even be more accurate than atomic clocks.

In fact, according to the definitions of OR time and OR
clock (14, in theory, regardless of whether the de Broglie
wave objectively exists or not, the object P observed by
the observation agent OA(7]h,) can be regarded as a
standard clock: either P autonomously radiates the infor-
mation wave of OA(77|h,) to the observer O, or P reflects
the information wave of OA(7|h,,) to the observer O.

In this way, as shown in Fig. 1, any observation agent
OA(7n]h,) that carries and transmits information waves
naturally or inevitably becomes the standard clock for its
related theories or physical models.

3.3 The Spacetime-Transformation Factor:
Particle-Like Form and Wave-Like Form

It is because of the invariance of time-frequency ratio
derived from the definition of OR time that the transfor-
mation factor 7(n,v)=dt/dz of OR inertial spacetime ob-
served by the general Lorentz transformation has had two
different forms [1-4],

The First One: Particle-Like Form

_dt(pv) _mnv) _ 1/

( 2
| [nv) = dt m 1-Y /772
(o}

3)

my

LOI‘ m(77, U) = \/TZ/UZ

where v is the particle speed of P as a matter particle, and
m and m, are respectively the observed mass and inherent
mass of P as a matter particle.

The OR spacetime-transformation factor 7/=m/ms in
particle-like form (Eg. (3)) is actually the OR mass-speed
relationship, which has generalized Einstein's relativistic
mass-speed relationship.

The Second One: Wave-Like Form

_dt(pv)  f(pv) 2
Ry VN

(4)
or f(nv) = ——Lo—
V1-v2 /1
where v is the group speed of P as a matter wave, and f and
fo are respectively the observed frequency and inherent fre-
quency of P as a matter wave.

ITn,v)
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The OQ spacetime-transformation factor 7'=f/f, in
wave-like form (Eqg. (4)) is actually the OQ frequency-
speed relationship, which has generalized de Broglie's fre-
quency-speed relationship.

Equations (3) and (4) seems to imply that matter mo-
tion or observed objects in the physical world exhibits
wave-particle duality.

It is the OR factor 7'=m/m, of spacetime transfor-
mation in the particle-like form (Eqg. (3)) that led to the es-
tablishment of the theory of OR, including IOR and GOR.
It is the OQ factor 7'=f/f, of spacetime transformation in
the wave-like form (Eqg. (4)) that led to the establishment
of the theory of OQ, including the theory of OQ matter
waves.

In this way, the invariance of the time-frequency ratio
of a clock links the relativistic effects and quantum effects
of matter motion or matter interactions together.

However, the theory of OQ matter waves, the so-
called general de Broglie wave, has clarified 4! that such
wave-particle duality is only a sort of observational effect
exhibited by the information wave and informons of the
general observation agent OA(77|h;), rooted in the obser-
vational locality (7<) and observational perturbation
(h,<0) of OA(77]hy).

Subsequent OR serial reports will clarify that both OQ
matter waves and de Broglie waves are not inherent matter
waves of matter, but rather the information waves of cer-
tain observation agents.

3.4 Mass-Frequency Ratio and
Energy-Frequency ration

Besides time (t), the mass (m) and energy (E) of matter
can be regarded as the other two most fundamental physi-
cal quantities in physics.

Restricted by the observational locality (7<), all
physical quantities observed by the observation agent
OA(n|hy,), including mass and energy, must exhibit rela-
tivistic phenomena in observation that are, in fact, obser-
vational effects and apparent phenomena. Such observa-
tional effects must be related to the dilation of the time
dt=dt(#,v) observed by OA(n|h,), and associated with
the invariance of time-frequency ratio.

By combining the invariance of time-frequency ratio
(Eq. (2)) and the mass-speed relationship (Eg. (3)), one can
derive the invariance of mass-frequency ratio observed by
OA(77]h,). By combining the invariance of time-frequency
ratio (Eq. (2)) and the general Einstein formula E=m#?,
one can derive the invariance of energy-frequency ratio
observed by OA(77|h,).

3.4.1 The Invariance of Mass-Frequency Ratio

The Invariance of Mass-Frequency Ratio: Let O be
the observer adopting the observation agent OA(7|h,),
then the ratio m/f of the mass m to frequency f observed
by O is an invariant, identical to the ratio mo/f, of the in-
herent mass m, to inherent frequency f, of P:

m(ﬂ,v) _ my _
oy - ©)

where k;, is the ratio of the mass m, to frequency f, of the

informons of OA(7]h;).

Equation (5) can be written in the following form and
referred to as the mass-quantum equation:

m = ky,f (6)

By analogizing with Planck's energy-quantum hypothesis
£=hf, one can understand that the mass m observed by the
general observation agent OA(7|h;,) is also quantized.

However, such quantization depends on observation
agents and does not represent the objective quantization of
material mass, but the quantization of the mass measured
by OA(7n]h;): the mass of the informons of OA(7|h,) is
the minimum scale or resolution for OA(77|h,) to measure
material mass. So, the mass measured by OA(77|h,) must
be discretized or quantized.

By utilizing the general Einstein formula E=m#,? de-
rived in Sec. 4 and the general Planck equation E=h,, f de-
rived in Sec. 5, one can derive the mass-frequency ratio k;,
of the informons of the general observation agent
OA(77|hy) (0<n<oo; h,;>0):

m E h
Tf o onif on?
where h,, is the energy-frequency ratio of the informons of
OA(n|hy), or called the general Planck constant.

It should be point out that different observation agents
must have different informons with different coefficients
of mass-frequency ratio.

Naturally, if OA(7|h,) is the optical agent OA(c|h)
(n=c; h,=h), then the mass-frequency ratio of its infor-
mons (photons) k,=kc=h/c2.

3.4.2 The Invariance of Energy-Frequency Ratio

The Invariance of Energy-Frequency Ratio: Let O
be the observer adopting the observation agent OA(#7|h,),
then the ratio E/f of the energy E to frequency f observed
by O is an invariant, identical to the ratio E./f, of the in-
herent energy E, to inherent frequency f, of P:

E(nv) E, _
O ®)

where h,, is the ratio of the energy E, to frequency f, of the
informons of OA(#|h;,), or the general Planck constant.

Equation (8) can be written in the following form and
referred to as the general Planck equation:

E =h,f 9)

By analogizing with the Planck equation E =hf, one can
understand that the energy E observed by the general ob-
servation agent OA(7|h;) is also quantized.

However, such quantization depends on observation
agents and does not represent the objective quantization of
material energy, but the quantization of the energy meas-
ured by OA(7]|h,): the energy of the informons of
OA(n|h,) is the minimum scale or resolution for
OA(n|h,) to measure material energy. So, the energy
measured by OA(7|h,;) must be discretized or quantized.

It should be point out that different observation agents
must have different informons with different coefficients
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of energy-frequency ratio.

Naturally, if OA(#77|h,) is the optical agent OA(c|h)
(7=c; h,=h=6.6260693x103* J-s), then the general
Planck constant h,is exactly the Planck constant h, that is,
the energy-frequency ratio of the informons (photons) of
the optical agent OA(c|h).

Now, the invariance of the observational energy-fre-
quency ratio has revealed the essence of Planck’s constant
h: h is not a so-called cosmological constant, but the coef-
ficient of energy-frequency ratio of photons.

3.5 Towards the Unification of
Relativity Theory and Quantum Theory

The OR axiom system, starting from the definition of
OR time as a first principle, derives the invariance of time-
frequency ratio of the clock. It is exactly the invariance of
time-frequency ratio that links the relativistic effects and
quantum effects of matter motion and matter interactions
together.

The invariance of time-frequency ratio in Sec. 3.1 (Eq.
(2)), the spacetime-transformation factor I"=f/f, in the
wave-like form or the frequency-speed relationship in Sec.
3.3 (Eq. (4)), the invariance of mass-frequency ratio in
Sec. 3.4.1 (Egs. (5-7)) and the invariance of energy-fre-
quency ratio in Sec. 3.4.2 (Egs. (8,9)), are all related to the
frequency f observed by the observation agent OA(7|hy),
and are all the quantum models of the theory of OQ. In
particular, the frequency-speed relationship of OQ (Eq.
(4)) lays the foundation for deducing the general Planck
equation E=h,f of OQ in Sec. 5.

The spacetime-transformation factor 7"=m/m, in par-
ticle-like form in Sec. 3.3 is the relativistic model of the
theory of OR, that is, the mass-speed relationship of OR
(Eq. (3)), laying the foundation for deducing the general
Einstein formula E=m#n? of OR in Sec. 4.

In order to clarify how the theory of ORQ generalizes
and unifies relativity theory and quantum theory, Sec. 4 of
this article will state how the theory of OR derives the gen-
eral Einstein equation E=mpn?, generalizes the Einstein
equation E=mc?, and reveals the essence of the mass-en-
ergy relationship; Sec. 5 of this article will state how the
theory of OQ derives the general Planck equation E=h ,f,
generalizes the Planck equation E=hf, and reveals the es-
sence of the Planck constant h.

So, Einstein's formula E=mc? and Planck's equation
E=hf become a microcosm of the unification of relativity
theory and quantum theory in ORQ.

4 The General Einstein Formula: E=mpz?

The most famous formula in Einstein's theory of rela-
tivity must be the Einstein formula: E=mc?, also known as
the Einstein mass-energy relationship. Now, Einstein's for-
mula E=mc? has already become a hallmark of his theory
of relativity.

The theory of OR has discovered that, limited by the
observational locality (c<oo) of the optical agent OA(c |h),
Einstein made a wrong interpretation for the physical
meaning of E=mc?. Up to today, the mainstream physics
community still insists on this erroneous understanding.

Now, based on the OR axiom system, the theory of OR has
derived the general Einstein formula E=m#?, or called the
OR mass-energy relationship. Based on the broad perspec-
tive of the general observation agent OA(#|h ;) (0<#7<c;
h,>0), the theory of OR and the general Einstein formula
E=mn? will reinterpret Einstein's formula E=mc? and re-
veal the essence of mass-energy relationship.

Naturally, from different logical premises, the Einstein
formula E=mc? and the general Einstein formula E=m#?
have different ways of logical deduction.

Einstein's mass-energy relationship E=mc? and the OR
mass-energy relationship E=m#? can both be derived from
their respective mass-speed relationships. However, Ein-
stein's mass-speed relationship is based on the hypothesis
of the invariance of light speed, where the observation
agent is the optical agent OA(c|h); The OR mass-speed
relationship is based on the definition of OR time, or more
directly from the invariance of time-frequency ratio, where
the observation agent is the general observation agent
OA(n|hy).

4.1 The Theoretical Derivation of
the General Einstein Formula

There are various theoretical deduction approaches for
Einstein's formula or mass-energy relationship E=mc?,
mostly starting from the mass-speed relationship in Ein-
stein's theory of special relativity (23241,

Based on the particle-like form of OR spacetime-trans-
formation factor 7"=m/m, in Sec. 3.3, that is, the OR mass-
speed relationship (Eg. (3)), by analogizing the logical way
of deriving of the Einstein formula E=mc? [?4], one can de-
rive the OR mass-energy relationship, that is, the general
Einstein formula E=mn?2.

4.1.1 The OR Formula of Kinetic Energy

Originally, Einstein's original intention was to estab-
lish a relativistic kinetic-energy formula for the observed
object P, but unexpectedly derived the so-called mass-en-
ergy relationship.

In the theory of OR, the physical quantities of ob-
served objects are measured by the general observation
agent OA(n|h,) (0<n<w; h,>0). Given the observation
agent OA(77|h;) and the inertial object P moving at a speed
v with the rest mass m, and the observed mass m=m(r,Vv),
then, according to the mass-speed relationship (Eg. (3)),
the observed momentum p=p(#,v) and inertial force F of
P can be defined as

m,v

{p mv = I'(n,v) m,v \m w0
= dp(1,v)

dt
where 7 is the information-wave speed of OA(n|h,), v is
the particle speed of P, and p(n,v) is the relativistic mo-
mentum of P measured by OA(#|h,).

By analogizing Einstein's logic of deriving the formula
of kinetic energy [?4, in the theory of OR, the relativistic
kinetic energy of P should be K=K(#,v), that is, the ki-
netic energy measured by OA(#|h,), and can be defined
and theoretically derived as follows:
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v vd XY
K=f Fdx=f de
0 0 dt

v

(11)

v v
= f vdp = f I'3myvdv = m,n*r(n,v)
0 0 0

1
= (F'(n,v) — 1) myn? (F=—>
’ V1=v2/n?
where 7(n,v) is the OR spacetime-transformation factor
in the particle-like form (Eq. (3)).
This is the formula of kinetic-energy for the inertial
object P observed by OA(#7|h;) in the theory of OR.

4.1.2 The OR Formula of Mass Energy

Einstein envisioned that the total energy of the inertial
object P should be E=K+E,, where K is the kinetic energy
of P, and that, if v=0, then K=0 and E=E,, therefore E,
should be the rest energy.

By analogizing Einstein's logic, let E,=m,n? and E=
K+E,, then the OR mass-energy relationship can be de-
rived from the OR kinetic-energy formula (Eq. (11)):

E=E(nv)=K+E,=1I(nv)mmn>
__ment
=————==mn
J1-—v2/n? (12)

{Eo =E,(n) = monz
K=K(nv)=E—E,={T(v)—1)myn?

where E=E(#,v)=m1 is the total energy or mass-energy
of P measured by the observation agent OA(77|h,).

This is the mass-energy formula for the inertial object
P observed by OA(n|h,) in the theory of OR. E=m1p is
isomorphic to Einstein's formula E=mc?, and is therefore
called the general Einstein formula.

4.2 The Implication of
the General Einstein Formula E=m

In Newtonian mechanics or classical mechanics, the
mass and energy of matter are independent of each other:
mass is just mass, energy is just energy; there is no con-
cepts of Mass Energy and Rest Energy. Human reason
tells us that matter is a contradictory unity of mass and en-
ergy: mass and energy are interdependent; energy without
mass and mass without energy are unimaginable.

4.2.1 The Einstein Formula
and Mass-Energy Relationship

In 1905, based on his hypothesis of the invariance of
light speed, Einstein theoretically derived the Lorentz
transformation and relativistic mass-speed relationship:
m =mo/~(1-v?c?), establishing his theory of special rel-
ativity [?31. Originally, Einstein expected to derive the rel-
ativistic kinetic-energy formula of inertial objects based on
his mass-speed relationship, but accidentally, deduced the
mass-energy relationship E=mc? that became the hallmark
of Einstein's theory of relativity and was known as the Ein-
stein formula. Based on the formula E=mc?, Einstein be-
lieved that the total energy of an inertial object should be
E=K+E,, not only have the kinetic energy K, but also

have the rest energy E,. In particular, E=mc? depends on
the relativistic mass m of P; Eo=m,c? depends on the rest
mass m,, and therefore, E and E, can be referred to as Mass
Energy, while E=mc? as the Einstein mass-energy rela-
tionship.

Based on his mass-energy relationship E=mc?, Ein-
stein believed that the mass and energy of matter are equiv-
alent. So, mass is also energy and energy is also mass;
mass can be transformed into energy and energy can be
transformed mass. The mainstream physics community
firmly believes in this, which seems to be supported by ob-
servations and experiments: during the annihilation of par-
ticles and antiparticles, the mass of material particles
seems to be transformed into energy. Nowadays, people
always talk with relish about Einstein's mass-energy rela-
tionship E=mc?2.

Now, the general Einstein formula E=m#,? provides
new insights to physics, and based on the broad perspec-
tive of the general observation agent OA(#|h,,), provides
new interpretation for the Einstein formula E=mc?, reveal-
ing the essence of the relationship between material mass
and material energy.

4.2.2 The General Einstein Formula
and Mass-Energy Relationship

In this article, we do not discuss whether the mass and
energy of matter are equivalent or whether they can be
transformed into each other, nor do we discuss whether the
observation or experiment of the annihilation of particles
and antiparticles are optical illusions or the physical real-
ity. The relevant issues are left for subsequent OR serial
reports and physicists to study. From the perspective of the
general observation agent OA(77]h,), based on the OR
mass-energy relationship E=m#? (Eqg. (12)), we reex-
amine Einstein's mass-energy relationship E=mc?, and
Einstein's mass-energy E and rest energy Eo.

As a theoretical model with the general observation
agent OA(7|h,), the OR mass-energy relationship E=m#?
has generalized the Einstein formula E=mc?, extending the
Einstein formula E=mc? from the optical agent OA(c|h)
to the general observation agent OA(77|h,;). Naturally, as
n—>c, the general Einstein formula E=m#? reduces to the
Einstein formula E=mc?:

E(c,v) = lim E(n,v) = lim mn?
n—c n—c

myc? e (13)

. mon?
= lim

’7_’6\/1—1]2/7]2 =\/1—UZ/C2 -

which indicates that the Einstein formula E=mc? is only a
special case of the general Einstein formula E=m#?, that
is, a product of the optical agent OA(c |h).

So, Einstein's mass-energy relationship E=mc? is valid
only if OA(#]h,) is the optical agent OA(c|h).

By comparing the OR Kinetic-energy formula K=
K(n,v) (Eg. (11)) and the OR mass-energy formula (Eg.
(12)), it can be seen that the OR mass energy E=m#? and
the OR rest energy E,=mo7? are the by-products of OR
Kinetic-energy formula K=K(#,v), the upper and lower
limits of the OR Kinetic-energy integration relation:
K(n,v)=E(7,v) —Eo(n), which are not the objective and
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real energy of matter particles except for informons.

If the observed object P is an informon of the observa-
tion agent OA(#]h,), then v=rn. According to the OR
mass-speed relationship (Eg. (3)) and Einstein's logic, the
rest mass and energy of the informon are zero: my,=0 and
Eo=0. Then, the general Einstein formula E=m#? is the ki-
netic energy of the informon of OA(#7|h,;). Thus, as a spe-
cial case, the Einstein formula E=mc? represents the ki-
netic energy of the informons (photons) of OA(c|h).

It is worth noting that E=m#»? and E,=m,7? depend
on the information-wave speed 7 of the general observa-
tion agent OA(#n|h,). This suggests that, for the same in-
ertial object P, the mass energy E and rest energy E, of P
measured by different observation agents are different. So,
the so-called mass energy E and rest energy E, in the OR
mass-energy relationship E=m#? are not the objective
physical existence and real material energy. Thus, the mass
energy E=mc? and rest energy E=mc? in Einstein's mass-
energy relationship can only be the optical illusions pre-
sented to observers by the optical agent OA(c|h).

In particular, in the observation of Newton's idealized
agent OA(«|0), 7—w, E—>w, and E;—o0, which sug-
gests that both the mass energy E=m#,? and rest energy
Eo=mo7? of matter are unobservable. Therefore, in New-
tonian mechanics, matter has neither mass energy E nor
rest energy E,. This is in line with human reason and the
principles of physical observability -5,

So, Newton's view of mass and energy is right.

4.3 The OR Kinetic-Energy Formula: A Microcosm
of the Unity of Newton and Einstein

As stated in Sec. 4.2, the so-called mass energy E and
rest energy E, in the general Einstein formula E=m#? are
only the upper and lower limits of kinetic-energy integral
formula, not the real material energy. The objective and
real material energy in the energy relations of inertial OR
(IOR) is the kinetic energy of inertial objects: K(7,v)=
E(7,v)—Eo(7).

It should be pointed out that the Kinetic energy
K=K(#,v) in the OR kinetic-energy formula (Eq. (11)) is
the kinetic energy of inertial objects measured by the gen-
eral observation agent OA(77|h ), while Newton's classical
kinetic energy K=K(o0,Vv) (measured by Newton's ideal-
ized agent OA(«c|0)) and Einstein’'s relativistic Kinetic en-
ergy K=K(c,v) (measured by Einstein's optical agent
OA(c|h)) are just two special cases of the OR kinetic-en-
ergy formula K=K(7,v).

4.3.1 Generalizing Einstein's Kinetic Energy

As n—c, the general observation agent OA(77|h,;) be-
comes the optical agent OA(c|h), and the OR kinetic-en-
ergy formula K=K(#,v) (Eqg. (11)) strictly converges to
Einstein's relativistic kinetic-energy formula K=K(c, v):

K(c,v) = }71_1}} ((m)_l _ 1) myn?
= (VT=v27) " = 1)moe?

Equation (14) indicates that Einstein's kinetic energy
K=K(c,v) is indeed that measured by the optical agent

(14)

OA(c|h): Einstein's relativistic kinetic-energy formula is
only a special case of the OR kinetic-energy formula.

Einstein's observation agent is the optical agent
OA(c|h) that has the observational locality (7 =c<o), and
therefore, exhibits apparent relativistic phenomena. As
shown in Eq. (14), Einstein's Kinetic energy K=K(c,v) de-
pends on observation, on the optical agent OA(c|h), and
on the light speed c as the information-wave speed of
OA(c|h)), and is not the completely objective and real ki-
netic energy of moving objects.

4.3.2 Generalizing Newton's Kinetic Energy

As n—o, the general observation agent OA(#|h,) be-
comes the idealized agent OA(«|0), and the OR kinetic-
energy formula K=K(#,v) (Eq. (11)) strictly converges to
Newton's classical kinetic-energy formula K=K(w,v):

K@m)=gg«J;jzagﬂ_4)mmz (15)

1 1 1
=Emov2=§ 2 =§mwv2
where mq is the rest mass of the observed object P, while
m, and m., are respectively the inertial mass and classical
mass of P. As for why me=m,;=m.., readers can refer to OR
serial report 2 [; As for why h,—0 as 17—, Sec. 7 of
this article will discuss.

Perhaps, you foresaw that the OR kinetic-energy for-
mula K=K(7,v) could generalize Einstein’s relativistic ki-
netic-energy formula K=K(c,v). However, you may not be
able to foresee that the OR Kkinetic-energy formula
K=K(n,v) also can generalize Newton's classical Kinetic-
energy formula K=K(w, V).

Equation (15) indicates that Newton's kinetic energy
K=K(x,V) is indeed that measured by the idealized agent
OA(«|0): Newton's classical kinetic-energy formula is
also only a special case of the OR kinetic-energy formula.

Newton's observation agent is the idealized agent
OA(c|h) that has no observational locality (7—o), and
therefore, no apparent relativistic phenomena. As shown
in Eq. (15), Newton's kinetic energy K=K(e,V) does not
depend on observation, representing the objective and real
kinetic energy of moving objects.

4.3.3 The Unity of Newton and Einstein in OR

Equations (14) and (15) indicate that the OR Kinetic-
energy formula K=K(#,v) (Eg. (11)) has generalized and
unified Newton's classical kinetic energy K(eo,Vv) and Ein-
stein's relativistic kinetic energy K(c,V).

In fact, the theory of OR has already become a com-
plete theoretical system, generalizing and unifying Newto-
nian mechanics and Einstein's theory of relativity [-°): as
n—c, all the relations in the theory of IOR strictly con-
verge to the corresponding relations in Einstein's theory of
special relativity, while all the relations in the theory of
GOR strictly converge to the corresponding relations in
Einstein's theory of general relativity; as 7 —oo, all rela-
tions in the theory of IOR strictly converge to the corre-
sponding relations in Newton's inertia mechanics, while all
relations in the theory of GOR strictly converge to the cor-
responding relations in Newton's theory of universal
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gravitation.

This suggests that the theory of OR is logically self-
consistent: logically consistent not only with Einstein's rel-
ativity theory but also with Newton's classical mechanics.
The unification of Newtonian mechanics and Einstein's
theory of relativity in the theory of OR confirms the logical
rationality and theoretical validity of the theory of OR.

The unification of Newton's classical kinetic-energy
formula and Einstein's relativistic kinetic-energy formula
in the theory of OR is just a microcosm of the unity of
Newton and Einstein in the theory of OR.

For details on the unification of Newtonian mechanics
and Einstein's theory of relativity, please refer to the mon-
ograph of OR 4l and OR serial report 1 51,

5 The General Planck Equation: E=hyf

Although belonging to two different theoretical sys-
tems of quantum theory and relativity theory, Planck's
equation E =hf and Einstein's formula E=mc? are still a
pair of dual formulae in modern physics. As for the optical
agent OA(c|h), both Planck's equation E =hf and Ein-
stein's formula E=mc? represent the kinetic energy of the
informons (photons) of OA(c|h). Therefore, their unifica-
tion in the theory of ORQ holds special significance.

As stated in Sec. 2.2.2, the theory of OQ has discov-
ered [1-410] that, like Einstein's theory of relativity, quan-
tum mechanics based on the Planck energy-quantum hy-
pothesis ¢=hf is also a theory of optical observation, the
quantum effects, including wave-like nature and uncer-
tainty, are also observational effects. Differently, Ein-
stein's relativistic effects are apparent phenomena rather
than the objective physical reality and real physical exist-
ence, while Planck's quantum effects are not apparent phe-
nomena, but rather the objective and real change of the
motion state of observed objects due to the observational
perturbation of the informons (photons) of the optical
agent OA(c h).

Now, the theory of OQ will theoretically derive the
general Planck equation E=h,f. Based on the broad per-
spective of the general observation agent OA(7]h,)
(0<n<owo; h,>0), the theory of OQ and the general Planck
equation E=h,, f will reinterpret the Planck equation E =hf
and reveal the essence of the quantum effects exhibited in
the modern quantum physics.

It should be pointed out that the Planck equation E =hf
is only a hypothesis in the law of blackbody radiation. The
general Planck equation E=h,f in the theory of OQ, how-
ever, is a logical consequence of the OR axiom system.

5.1 Historical Review: The Concept of Quantum

Thank to the great Mr. Max Planck!

In 1900, Planck proposed the hypothesis of energy
quanta, ¢=hf, that laid the first cornerstone for quantum
mechanics 1, marking the birth of quantum physics and
revealing quantum effects and quantum phenomena in the
physical world [25:26],

Actually, Planck himself seemed reluctant to quantize
the energy of matter, as it goes against the traditional con-
cept of material energy. However, in order to derive the

blackbody-radiation formula that conformed to the black-
body-radiation experiment, Planck had to propose the en-
ergy-quantum hypothesis of &=hf, discretizing the origi-
nally continuous energy of matter in physics.

Now, the theory of OQ has discovered that, like Ein-
stein's theory of relativity, the quantum theory based on
Planck's quantum hypothesis £=hf is also a theory of opti-
cal observation adopting the optical agent OA(c|h).

In fact, both the Planck equation E =hf and Planck's
blackbody radiation law are the theoretical models of the
optical agent E =hf, in which Planck is the observer O, the
object P observed by Planck is light, and the observation
medium M that transmits the information on P to Planck is
also light. Photons, as the informons of optical agent
OA(c|h), represents the minimum scale or resolution of
the optical measurement of OA(c |h). Naturally, the energy
guantum &=hf is the minimum scale or resolution of en-
ergy measured by OA(c|h). Therefore, the discretization
and quantization of material energy measured by OA(c|h)
is natural and inevitable.

So, Mr. Planck did not need to have agonized over his
hypothesis of energy quanta.

The mainstream physics community has long lacked a
correct understanding of Einstein's relativistic effects; sim-
ilarly, the mainstream physics community has long lacked
a correct understanding of Planck’s quantum effects.

Mankind's cognition and understanding of the natural
world must be a process from the macroscopic world to the
microscopic world, from relativistic phenomena to quan-
tum phenomena.

However, before mankind could properly understand
the relativistic phenomena of matter motion that mainly
present in the macroscopic world, he had to face the quan-
tum phenomena of matter motion that mainly present in
the microscopic world. Of course, the problem is not
whether we should enter the microscopic world to explore
the quantum world; the problem is that we have brought
our erroneous understanding of the relativistic phenomena
of matter motion in the macroscopic world into our explo-
ration of the quantum phenomena of matter motion in the
microscopic world!

Originally, the Planck equation E =hf was a hypothesis
about photon energy proposed by Planck so that he could
theoretically derive the formula of blackbody radiation [*4],
However, in the 1920s, de Broglie imagined 21 that matter
motion had wave-particle duality. Based on this idea, he
extended Planck's equation E =hf from photon to all matter
particles, derived the de Broglie relation p=h/A4, and estab-
lished the matter-wave theory, known as de Broglie wave
2829 ‘laying the second cornerstone of quantum mechan-
ics. Afterwards, inspired by de Broglie's theory of matter
waves, Schrdlinger established the quantum wave equa-
tion, laying the third cornerstone of quantum mechanics,
that is, the famous Schrddinger equation B9,

Perhaps, it is de Broglie's extension of the Planck
equation E =hf that makes the Planck constant h a cosmo-
logical constant.

Neither Planck, nor de Broglie, nor Schr&dinger, nor
even the mainstream physics community today, have
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realized that Planck'’s energy quanta are photons, more pre-
cisely, the informons of the optical agent OA(c|h); and
that Planck's quantum effects are observational effects
caused by the perturbation of informons (photons) of the
optical agent OA(c|h) exerting on observed objects.

The issue of whether de Broglie wave truly exist, as
well as the issues of the Schrédinger equation % and Hei-
senberg uncertainty 31, are left for subsequent OR serial
reports. This article focuses on the general Planck equation
E=h, f, and from the perspective of the general observation
agent OA(#n]h,) (0<n<ow; h,>0), reexamines the Planck
equation E =hf, revealing the essence of the Planck con-
stant h.

5.2 The Theoretical Derivation of
the General Planck Equation

The wave-like form of OR spacetime-transformation
factor I"=f/f, stated in Sec. 3.3 naturally forms the OQ fre-
quency-speed relationship (Eqg. (4)), laying the foundation
for deriving the general Planck equation in the theory of
0oQ.

In a simple way, by combining the OQ frequency-
speed relationship (Eq. (4)) with the general Einstein for-
mula E=m#? (Eq. (12)), one can obtain the general Planck
equation implied in the invariance of energy-frequency ra-
tio (Egs. (8,9)):

E= mnz = I'(n,v)men* = f—(;' D nn?
f “n2f(n,v) = hyf (1, v) (16)
mO
(1 =207 = k)

Equation (16) has special significance as it naturally
and logically links the general Einstein equation E=m?
of OR and the general Planck equation E=h,f of OQ to-
gether, becoming a pair of dual formulae that have been
unified in the theoretical system of ORQ.

In fact, the theory of OQ can derive the general Planck
equation E=h,,f in a more fundamental logical way with-
out relying no the general Einstein formula E=m? in the
theory of OR.

5.2.1 The OQ Formula of Kinetic Energy

Given the observation agent OA(#|h,,), by combining
the particle-like form 7"=m/m, (Eq. (3)) and wave-like
form I"'=f/f, (Eq. (4)) of the OR spacetime-transformation
factor '=dt/dz, one can obtain:

dr r d d dr ! df

=—wvdv an =—
n? f

o

(r=rav =40 (17)
{ _m@v) _fau) 1
k m, fo 1— 172/772

Thus, rvdv = (n*/f,) df.
Based on the same logic as deriving the general

Einstein formula E=mn? (Eq. (12)), consider an inertial
object P moving at a speed v with the total energy E=K+F,,
where K and E, is respectively the relativistic kinetic en-
ergy and rest energy of P. Substituting Eq. (17) into the
definition of kinetic energy K (Eg. (11)) and the definition
of force F (Eq. (10)), then in the theory of OQ, the Kkinetic
energy of P measured by OA(#n|h,,) is

= e [ [

=f Ir*myvdv =f mo—df = hnf|z (18)
0 0

= hy(f(n,v) — £5) (hn == "n"z)

where k, and h,, are respectively the mass-frequency ratio
(Eq. (5)) and energy-frequency ratio (Eq. (8)) of the infor-
mons of OA(77]h,).

5.2.2 The OQ Formula of Frequency Energy

Let E,=h,f, is the rest energy of the moving object P
in inertial spacetime, then the frequency-energy formula of
0OQ can be obtained from Eq. (18):

E
_ 0(77)> (19)

fo

Obviously, the frequency-energy formula E=h,f (Eq.
(19)) of OQ is isomorphic to the Planck equation E =hf,
and can be referred to as the general Planck equation, and
the energy-frequency ratio h,, can be referred to as the gen-
eral Planck constant.

Thus, following Einstein's logic, E(n,v)=K(n,v)+E,
can be understood as the total energy of the observed ob-
ject P in inertial spacetime measured by the observation
agent OA(7n]h,), that is, the sum of the Kinetic energy
K(n,v) (Eq. (18)) and rest energy E,=h, f, of P measured
by OA(77]h5).

We sometimes refer to E =hfand E=h,,f as frequency-
energy formulae, as we sometime refer to E=mc? and
E=mr? as mass-energy formulae.

E(m,v) = hnf(n: v) (hn

5.3 The Implication of
the General Planck Equation E=h,f

Planck's equation E =hf has been in existence for over
a hundred years. However, in the physics community, the
understanding of the Planck equation E =hf and Planck
constant h as well as quantum phenomena is still vague
and even erroneous. The mainstream physics community
has not yet realized that quantum physics based on
Planck's energy-quantum hypothesis &=hf, including
quantum mechanics and quantum-field theory, like Ein-
stein's theory of relativity, is only a theory of optical ob-
servation, adopting the optical agent OA(c |h).

Now, the theory of OQ has derived the general Planck
equation E=h,f, generalizing the Planck equation E =hf
and surpassing de Broglie's imagination, not only extend-
ing the Planck equation E =hf from photons to any matter
particle, but also from the optical agent OA(c|h) to the
general observation agent OA(#7|h,) (0<n<ow0; h,>0).

Based on the broad perspective of the general
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observation agent OA(#7|h,), the general Planck equation
E=h,, f has had significant discoveries and brought new in-
sights to physics, giving new interpretations to the Planck
equation E =hf and Planck constant h, and even the quan-
tum physics that Planck laid the foundation for.

5.3.1 On Planck's Equation E =hf

Equations (18) and (19) indicate that the general
Planck equation E=h,, f depends on observation, on obser-
vation agents, on the speed 7 of the information wave of
OA(n7|h,) and the energy-frequency ratio h,, of the infor-
mons of OA(77|hy).

In theory, any form of matter motion or matter inter-
action can serve as the observation agent OA(7|h,;) of OQ;
any matter wave can serve as the information wave of
OA(77|h,) transmitting observed information to observers;
any material particle can serve as the informons of
OA(77|h,) exerting perturbation on observed objects. So,
for the same observed object P, different observation
agents with different information waves and informons
must exert different perturbations on P, resulting in differ-
ent quantum effects or phenomena.

As a theoretical model of the general observation
agent OA(#n|h,), the general Planck equation E=h,f has
generalized the Planck equation E=hf as a theoretical
model of the optical agent OA OA(c|h). As n—c, the gen-
eral Planck equation reduces to the Planck equation:

E(c,v) = lim E(n,v) = lim h, f(n,v)
n—c n—c

Ey(c) (20)
o h)

where he=h is the energy-frequency ratio of the informons
(photons) of OA(c|h), i.e., the Planck constant h.

So, the Planck equation E =hf is only a special case of
the general Planck equation E=h,f, that is, the product of
the optical agent OA(c|h).

It should be pointed out that, in Eq. (20), the Planck
equation E=hf as a special case of the general Planck
equation E=h,f, is no longer a hypothesis, but a logical
consequence of theory the of OQ.

As stated in Sec. 5.1, Planck's equation E =hf is the
product of blackbody-radiation experiment adopting the
optical agent OA(c|h), in which Planck is the observer O,
the observed object P is light, and the medium M that
transmits information on P is also light. Actually, Planck's
equation E=hf is the energy-quantum hypothesis &=hf
that Planck had to set to derive his blackbody-radiation
formula, which represents the kinetic energy of a photon
in a light or electromagnetic wave with frequency f, and is
also the minimum scale or resolution for the optical agent
OA(c|h) to measure the mass, momentum, and energy of
matter. Planck’s energy quanta are photons.

In this regard, it is natural and logical for Planck to
take his energy-quantum hypothesis ¢=hf as the logical
premise for deducing the blackbody-radiation formula.

For the informons of the optical agent OA(c|h), the
speed v=r;; according to the OQ frequency-speed relation-
ship (Eg. (4)) and Einstein's logic, the inherent frequency
fo and rest energy E, of the informons are zero: f,=0 and

=hf(c,v) = hf (hc =

Eo=hf,=0. So, the general Planck equation E=h,,f is if fact
the kinetic energy of the informons of OA(77]h,).

Accordingly, as a special case of the general Planck
equation E=h,f, the Planck equation E =hf is just the ki-
netic energy of the informons (photons) of the optical
agent OA(c|h).

5.3.2 On Planck's Constant h

In the dictionary of modern physics, the Planck con-
stant h is regarded as a cosmological constant.

In de Broglie's theory of matter waves, and even
throughout the whole quantum physics, Planck’s constant
h seems to be universally applicable to all matter particles,
all matter waves, and even all quantum situations.

However, in theory of OQ, the general Planck equa-
tion E=h,, f (Eq. (19)) has brought a new physical quantity:
the general Planck constant h,,.

As a theoretical model of the general observation
agent OA(n7]h,), the energy quanta in the general Planck
equation E=h,,f are the informons of OA(7|h,), and the
general Planck constant h,, is the energy-frequency ratio of
the informons of OA(#n|h;). In theory, the informons of
OA(n|hy,) or the energy quanta in the general Planck equa-
tion E=h,f can be any material particle, not necessarily
just photons, and the energy-frequency ratio h,, can take
any value, not necessarily just the Planck constant h.

As a system parameter or eigenvalue of the general ob-
servation agent OA(77|h,), the general Planck constant h,,
has generalized the Planck constant h as a system parame-
ter or eigenvalue of the optical agent OA(c |h).

As n—c, the general Planck constant h;, reduces to the
Planck constant h:

=h (21)

he = lim y = lim 220D _ Eo(©) _ moc”
oo T omse f fo fo

The general Planck equation E=h,f (Eq. (19)) in the
theory of OQ and Eq. (21) tell us that the Planck constant
h is only the energy-frequency ratio of photons or electro-
magnetic particles, and is valid only if the observation
agent OA(n|h,) is the optical agent OA(c|h).

Accordingly, Planck’s constant h is only a constant for
electromagnetic interaction, not the so-called cosmologi-
cal constant.

5.3.3 On Quantum Physics

Up to this day, the Planck equation E =hf remains a
hallmark of quantum physics; the Planck constant h still
plays the role of a cosmological constant in physics and is
universally applied in quantum physics.

So, modern quantum physics, including quantum me-
chanics and quantum-field theory, is actually that based on
Planck’s quantum hypothesis of ¢=hf.

It should be pointed out that, similar to that for macro-
scopic matter motion, most of human observations and ex-
periments for microscopic matter motion also employ the
optical agent OA(c |h)), including the experiment of black-
body radiation. This is the main reason why the Planck
equation E =hf and Planck constant h seem to be univer-
sally applicable in quantum physics.
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According to the general Planck equation E=h,f, the
Planck equation E =hfis a theoretical model of optical ob-
servation adopting the optical agent OA(c|h), which pre-
sents us only with the optical image of microscopic quan-
tum world. If mankind employs non-optical agents
OA(n|hy) (n#c; h,=h) to detect microscopic matter mo-
tion, such as the electronic agent OA(ve|he), then he will
see a quantum world different from that presented by the
optical agent OA(c|h).

The double-slit experiment with electrons is such an
example 2, The mystery of the double-slit experiment
with electrons is listed as one of the fifteen big puzzles in
physics in the monograph of OR [*4: BP-08.

The phenomena of electron self-coherence and elec-
tron decoherence exhibited in the double-slit experiment
with electrons are quite weird and remain a mystery in
quantum physics 2234, The double-slit experiment with
electrons will leave interference fringes on the interference
screen, regardless of whether the emitted electrons are a
continuous electron flow or individual electrons. How-
ever, electrons seem to have the art of making themselves
invisible: if you try to spy on the whereabouts of an elec-
tron, set up a camera, and see if it is crossing the left or
right slit, it will hide and the interference fringes on the
interference screen will disappear; if you stop spying and
turn off the camera, the screen will reproduce electronic
interference fringes.

The mystery of the double-slit experiment with elec-
trons has long plagued physicists. Physicists have not yet
fully understood the self-coherence and decoherence phe-
nomena of electrons in the double-slit experiment.

Now, the theory of OQ and the general Planck equa-
tion E=h, f have solved the puzzle of the double-slit ex-
periment with electrons. The reason seems quite simple: in
order to spy on the whereabouts of electrons, experimental
physicists have to switch observation agents during the
double-slit experiment with electrons.

In the double-slit experiment with electrons, the object
observed by the physicist is the electron. Before turning on
the camera, the observation agent is the electronic agent
OA(Ve|he), and it is the electron itself that transmits infor-
mation of its own; after turning on the camera, the obser-
vation agent is switched to the optical agent OA(c |h), then
it is the photon that transmits information on the electron.
OA(Ve|he) and OA(c|h) have different information waves
with different speeds (ve=c) and different informons with
different energy-frequency ratios (he=h). Therefore, re-
garding the motion of the electron, OA(ve|he) and OA(c |h)
not only exhibit different relativistic phenomena, but also
different quantum phenomena.

Thus, the phenomena of electron self-coherence and
electron decoherence presented by the electronic agent
OA(Ve|he) are much different from that presented by the
optical agent OA(c|h), and cannot be described or inter-
preted by the quantum mechanics based on the Planck en-
ergy-quantum hypothesis ¢=hf.

This is the answer of the theory of OQ to the mystery
of the double-slit experiment with electrons.

In the theory of OQ, the general Planck equation
E=h, fhas not only generalized the Planck equation E =hf,

but also indicated that the theory of OQ will generalize and
reshape quantum physics.

Now, according to the general Planck equation E=h,,f,
the mainstream physics community needs to reexamine the
guantum physics that is based on the Planck energy-quan-
tum hypothesis ¢=hf, and reinterpret the quantum phe-
nomena of matter motion and matter interactions from the
perspective of the general observation agent OA(#7|h,)
(0<p<w; h,;>0).

6 ORQ: The Unification of
Relativity Theory and Quantum Theory

The same physical world should have the same logic
and follow the same laws.

In modern physics, however, Newtonian mechanics
and Einstein’s theory of relativity belong to different theo-
retical systems, and also, Einstein's theory of relativity and
Planck's quantum theory belong to different theoretical
systems.

Hawking said in his book A Brief History of Time
ttel: "'If we discover a complete theory, it would be the ul-
timate triumph of human reason — for then we should know
the mind of God." Hawking believed that modern physics
has been divided into many partial theories and the ulti-
mate goal of physics is to unify them.

As stated in Sec. 3, starting from the definition of OR
time as first principle, the OR axiom system has derived
the invariance of time-frequency ratio (Eq. (2)). It is based
on the invariance of time-frequency ratio that the theory of
OR has established the OR spacetime transformation in the
differential form, and then, acquired its algebraic form, the
so-called general Lorentz transformation, in which the fac-
tor I(n,v)=dt/dz of spacetime transformation has two
forms: one is the particle-like form 7=m/m, (Eq. (3)); the
other is the wave-like form 7"=f/f, (EQ. (4)).

It is based on the particle-like form 7/=m/m, of OR
spacetime-transformation factor that the theory of ORQ
has established the theory of observational relativity (OR).
It is based on the wave-like form 7"=f/f, of OR spacetime-
transformation factor that the theory of ORQ has estab-
lished the theory of observational quantum (QR)

In this way, the originally separate relativity theory
and quantum theory has been generalized and unified
within the same theoretical system under the same axiom
system, becoming the theory of observational relativity-
guantum (ORQ).

6.1 OR: The Theory of Observational Relativity

The theory of ORQ), based on the definition of OR time
and the invariance of time-frequency ratio, has proved the
theorem of the invariance of information-wave speeds and
derived the general Lorentz transformation, and thereby
established the theory of inertial OR (IOR). The theory of
IOR, as that of the general observation agent OA(7|h,),
has generalized and unified Newton's inertial mechanics of
the idealized agent OA(c|0) and Einstein's special relativ-
ity of the optical agent OA(c|h).

The basic theorems and relations of IOR include

(1) The theorem of the invariance of time-frequency
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ratio: d¢,/f,=d dfs;
(2) The theorem of the invariance of information-
wave speeds: Yve(-n,1) n®v=rn;

(3) The general Lorentz transformation:
o'(xy,z' t)<0(x,y,z,1);

(4) The general speed-addition law:

u=(u'+v)/(1+u'vin?);

(5) The general mass-speed relationship:
m=mo/N(1-v¥n?);

(6) The general momentum-speed relationship:
p=mv=mov/N(1-v¥75?)

(7) The general kinetic-energy-speed relationship:
K =(1/(1-v¥n2)-1)mon?;

(8) The general Einstein formula: E=m#?.

For the details of the theory of IOR, please refer to the
15t volume IOR of the Monograph of OR [4],

After IOR, by taking the invariance of information-
wave speeds as a new logical starting point, utilizing the
principles of GOR equivalence and GOR covariance as
well as the principle of general correspondence, following
and analogizing the logic of Einstein's theory of general
relativity, the theory of ORQ has established the theory of
gravitational OR (GOR). The theory of GOR, as that of the
general observation agent OA(#7|h;), has generalized and
unified Newton's theory of universal gravitation of the ide-
alized agent OA(0|0) and Einstein's theory of general rel-
ativity of the optical agent OA(c|h).

The most fundamental formulae of GOR are

(1) GOR Field Equation:

1 8nG
Ruv(n) - EguvR = _KGORT/‘V (KGOR = F) (22)

which has generalized and unified Newton's law of univer-
sal gravitation in the Poisson equation form and Einstein's
field equation in general relativity.

(2) GOR Motion Equation:

d?x# dx® dx?

lalls - = =012 23
7t T =0 (w=0123) (23)
which has generalized and unified Newton's law of univer-
sal gravitation in the gravitational-acceleration form and

Einstein's motion equation in general relativity.

For the details of the theory of GOR, please refer to
the 2" volume GOR of the Monograph of OR ['-4],

In ORQ, the theory of OR, including IOR and GOR,
has already formed a complete theoretical system, and has
generalized and unified Newton's classical mechanics and
Einstein's relativity theory within the same theoretical sys-
tem under the same axiom system.

6.2 OQ: The Theory of Observational Quantum

The theory of ORQ), based on the definition of OR time
and the wave-like form of OR spacetime-transformation
factor I"=f/f, from the invariance of time-frequency ratio,
has deduced the theory of OQ of the general observation
agent OA(77]h,). The theory of OQ has extended Planck’s
equation E =hf and de Broglie's theory of matter waves
from the optical agent OA(c|h) to the general observation

agent OA(77]h,;), marching towards the direction of gener-
alizing and even reshaping quantum physics.

The basic theorems and relations of OQ include

(1) The theorem of the invariance of time-frequency
ratio: dz,/f,=ddf,;

(2) The theorem of the invariance of mass-frequency
ratio: m,/fn=molfo;

(3) The theorem of the invariance of energy-fre-
quency ratio: E,/fy=Eo/fo;

(4) The general frequency-speed relationship:
f=fo/N(1-v¥n?);

(5) The general Planck equation: E=h,f;

(6) The general de Broglie relation: p=h,/4;

(7) The speed relations of the general de Broglie
wave: V=Vgy=n?/VpVg;

(8) The general Schrédinger equation:
ih,0¥1 0t=—(h,?12m)V2¥+V ¥,

(9) The principle of general uncertainty:
oxop=>hy,l2; and

(10) The ORQ identity h;n=C (C=hc).

Now, the theory of OQ has already formed a basic the-

oretical framework.

Just as the Planck equation E =hf represents the birth
of quantum physics as its first cornerstone, the general
Planck equation E=h,f represents the birth of the theory
of OQ as its first cornerstone. And moreover, the general
Planck equation E=h,f has generalized the Planck equa-
tion E =hf; the OQ matter-wave theory, or called the gen-
eral de Broglie wave, has generalized de Broglie waves;
the general Schrdlinger equation has generalized the
Schrdlinger equation; the principle of general uncertainty
has generalized Heisenberg's uncertainty principle.

For the details of the theory of OQ, please refer to
Chapter 6 in the Monograph of OR [1-4],

6.2 E=mn?=h,f:
The Unity of Planck and Einstein

The theory of ORQ), including OR and OQ, is not only
on relativity theory, but also of quantum theory: the theory
of OR represents the unity of Newton and Einstein; the
theory of OQ represents the unity of Planck and Einstein.

Actually, in the theory of ORQ, it implies the unifica-
tion of relativity theory and quantum theory that the gen-
eral Einstein formula E=m#? is derived by the theory of
OR and the general Planck equation E=h,f is derived by
the theory of OQ; it implies the unity of Planck and Ein-
stein that Einstein's formula E=mc? is generalized by the
general Einstein formula E=m#? and Planck’s equation
E =hfis generalized by the general Planck equation E=h,,f.

As stated in Sec. 5, although derived from different
logical premises and belonging to different theoretical sys-
tems, Einstein's equation E=mc? and Planck's equation
E =hfare a pair of dual formulae: both represent the kinetic
energy of the informons (photons) of the optical agent
OA(c|h): E=mc?=hf.

Now, based on the same axiom system, the theory of
OR has extended Einstein's formula E=mc? from the opti-
cal agent OA(c|h) to the general observation agent
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OA(n|h,), and the theory of OQ has extended Planck's
equation E =hf from the optical agent OA(c |h) to the gen-
eral observation agent OA(7]h;). Thus, the general Ein-
stein formula E=m#? and the general Planck equation
E=h,f have become a pair of dual formulae in the same
theoretical system: both represent the kinetic energy of the
informons of the general observation agent OA(7]h,):
E=mn?=h,f.

Thereby, the theory of ORQ has revealed the logical
rationality of Einstein's formula E=mc? and Planck’s equa-
tion E =hf as a pair of dual formulae in physics.

In fact, it is exactly because both represent the kinetic
energy of the informons (photons) of the optical agent
OA(c|h) that Einstein's formula E=mc? becomes the
iconic formula of Einstein's theory of relativity, and
Planck's equation E =hf became the iconic formula of
quantum physics based on the Planck energy-quantum hy-
pothesis e=hf. Following the same logic, as the kinetic en-
ergy of the informons of the general observation agent
OA(7|h,), the general Einstein equation E=m#? can be
regarded as the hallmark of the theory of OR, and the gen-
eral Planck equation E=h,f can be regarded as the hall-
mark of the theory of OQ.

Therefore, in order to clarify the unification of relativ-
ity theory and quantum theory in the theory of ORQ, Sec.
4 specifically states how the theory of OR deduces the gen-
eral Einstein formula E=m#n? generalizing Einstein's for-
mula E=mc?, and Sec. 5 specifically states how the theory
of OQ deduces the general Planck equation E=h,,f gener-
alizing Planck's equation E =hf. In this way, this article
tries clarifies that, based on the same axiom system, the
theory of ORQ not only deduces the theory of OR, but also
deduces the theory of OQ.

Now, the theory of ORQ has not only unified Newton
and Einstein in the theory of OR, but also unified Planck
and Einstein in the theory of OQ, marching towards the
unification of relativity theory and quantum theory.

7 The ORQ ldentity: hyn=C

For the general Planck equation E=h,f and general
Planck constant h,, the theory of ORQ has established a
significant identical equation: 4,n=hc, called the ORQ
Identity, where h,, is the general Planck constant and 7 is
the speed of information wave of the general observation
agent OA(n|h,) (0<#n<w; h,>0); h is the Planck constant
and c is the speed of light in vacuum.

The ORQ Identity h,;n=hc is a heuristic physical
model, which first appeared in a preprint of viXra [1% in
2017 and China Science Paper Online [ in 2018.

7.1 From Bohr's Correspondence Principle
to the ORQ Identity

It should be pointed out that the ORQ Identity /,7=hc
is the mathematical formalization of the Bohr correspond-
ence principle.

Bohr believed that there must be some inherent logical
corresponding relationship between quantum mechanics
and classical mechanics, and under certain conditions,
both could be transformed into each other. Based on this

fundamental idea, Bohr established the principle of corre-
spondence that can be simply expressed as follows.

Bohr's correspondence principle: If the Planck con-
stant h—0, then a quantum physical model must converge
to its corresponding classical physical model.

It was based on his correspondence principle that Bohr
established his hydrogen atom model 3739,

According to the theory of OQ, the constant h,=h(7)
in the general Planck equation E=h,f is the energy-fre-
quency ratio of the informons of the general observation
agent OA(#7|h;,), which depends on OA(7|h,): different
observation agents have different informons with different
energy-frequency ratios or different Planck constants. The
Planck constant h=h(c) is just a special case of the general
Planck constant h,=h(7), referring to the energy-frequency
ratio of the informons (photons) of the optical agent
OA(c|h), that is, an electromagnetic-interaction constant,
not the so-called cosmological constant.

So, what value should be taken for the general Planck
constant h,=h(7) in the general Planck equation E=h,,f.

According to the theory of ORQ and Bohr's corre-
spondence principle, it can be seen that, in Newton's clas-
sical case, the information-wave speed 7 of the idealized
agent OA(«|0) is idealized as infinity: 7—o0, while the
energy-frequency ratio h,, of the informons is idealized as
zero: h,—0; and that, in Planck’s quantum case, the infor-
mation-wave speed 7 of the optical agent OA(c|h) is the
speed of light: 77=c, and the energy-frequency ratio h,, of
the informons (photons) is the Planck constant:: h,=h.

In summary, it should hold true
hy =0 ifn—>ow and hy,=hifn=c (24)

Following the principle of simplicity, the simplest
mathematical relation for "x—0 if y—" should be the
inverse-proportional function: xy=k (k is a constant).

Thus, Eq. (24) can be expressed as an identity:
hy =0 if n >

hy = h if n->¢ (25)

han=C (C = hc) {
where, according to "h,=h if n=c" in Eq. (24), C=hc.
This is the ORQ identity 4,7 = hc, which goes beyond
Bohr's correspondence principle and extends it from the
optical agent OA(c|h) to the general observation agent
OA(n[h).

7.2 The ORQ Identity and
Electromagnetic Fine-Structure Constant

Physics has a dimensionless constant called the fine-
structure constant:

v, er  e? 1
c  2gohc 4meghc 137.03599976

where e is the electron charge, vi is the Bohr first-orbital
speed of the electron, & is the vacuum dielectric constant,
and z=h/2is the reduced Planck constant.

As is well known, the electromagnetic fine-structure
constant « is an extremely important constant in physics,
defined as the ratio of the Bohr first-orbital speed v, to the
speed of light ¢, which is in a certain sense a measurement

(26)

a =
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of the coupling strength between charges in electromag-
netic interaction, representing the strength of electromag-
netic interaction. According to Sec. 7.1, the ORQ identity
hyn=hc is a heuristic model based on the principles of
simplicity and Bohr correspondence. It perhaps implies a
certain logical or physical sense that the constant C=hc of
ORQ identity appears in the electromagnetic fine-structure
constant « (Eq. (26)). Based on Eq. (26), the logical valid-
ity of the ORQ identity 4,7 =hc can be confirmed by anal-
ogy between electromagnetic coupling strength and gravi-
tational coupling strength.

First, consider the case where the electron me of a hy-
drogen atom orbits around its nucleus my, on an orbit with
a radius of r, and the linear-speed under the action of elec-
tromagnetic force Fg is vg. Second, suppose that the grav-
itational force F¢ replaces the electromagnetic force Fg,
and the linear-speed of the electron me on the orbit with the
radius of r is vg. Then the corresponding electromagnetic
force Fg and gravitational force Fg are

ro—k e? e? vi
= —_ = =m,—
E T2 4megr? °r
(27)
Gmym, vé
FG = > =Mme,—
T T

where K is the electrostatic constant and G is the gravita-
tional constant.

Let the gravitational-radiation speed be x. According
to Laplace's calculation 1, x is much greater than the
speed of light ¢c: x>7x10%. Following the logic of Bohr
deducing hydrogen atom model, based on the general
Planck equation E=h,f, the orbital speed v of electron me
under the gravitational force Fg of nuclear my can be cal-
culated by

Vg = Gmyme/hy (h;c = hk/zn) (28)
where h, is the general Planck constant of the gravitational
observation agent OA(x|h,), and %.=h./2is the reduced
value of h,.

Bohr defined the strength of electromagnetic force as
ag=Ve/c; by analogizing Bohr's logic, the strength of grav-
itational force can be defined as ag=vg/x. Then, on the
orbit with the radius of r, it holds that

a F, 4tegGmym
_G — _G — 0 H'!'te (29)
ag Fg e?

By substituting az=« into Eq. (29), the gravitational-

radiation speed xis

v  VeFg
K=—=
a agF,
G EYG , (30)
_ Gmym, 4meghc e _hc_ hc
Ry e? 4mesGmym, h, by

This suggests that, for the gravitational observation
agent OA(x|hy), it holds that

hek =he (n=x|h,=h,) (31)

Equations (30) and (31) do not mean that the ORQ
identity 4,77 =hc has been theoretically rigorously proven.

However, by making use of the electromagnetic fine-struc-
ture constant o and the gravitational observation agent
OA(x|h4), Eq. (31) indeed confirms the logical or theoret-
ical validity of the ORQ identity 4,7 =hc.

One thing is certain: As the mathematical formaliza-
tion of Bohr's correspondence principle of n—c if h,—h
and n— if h,—0, the ORQ identity /,7=hc and Bohr's
correspondence principle are logically consistent, and their
rationality and validity must be equivalent.

7.3 The Implication of
the ORQ ldentity h,p=hc

The ORQ identity #,n=hc is an extension of the gen-
eral Planck equation E=h,f in the theory of OQ. It is the
formalization of Bohr's correspondence principle, bringing
new and significant insights to physics.

(1) On the Essence of Quantum Phenomena

In the physical world, there must be inherent quantum
effects in matter motion and matter interaction, including
wave-like nature and uncertainty.

However, according to the ORQ identity 4,7 =hc, dif-
ferent observation agents must have different information
waves with different speeds and different informons with
different energy-frequency ratios, and therefore, must ex-
ert different degrees of perturbation on the same observed
object P, making it exhibit different degrees of quantum
effects or quantum phenomena. Accordingly, the quantum
effects exhibited in the theory of OQ, including wave-like
nature and uncertainty, depend on the observation agent
OA(7n]h,) of OQ, being the observational effects caused
by the observational perturbation of OA(#|h,,), rather than
the inherent quantum effects and uncertainties of matter
motion or interactions in the physical world.

The quantum mechanics based on Planck's quantum
hypothesis e=hf is just a special case of the theory of OQ,
in which quantum effects, including wave-like nature and
uncertainty, depend on the optical agent OA(c|h) (n=c;
h,=h), being sorts of observational effects caused by the
observational perturbation of OA(c |h), rather than the in-
herent quantum effects and uncertainty of matter motion
or interactions in the physical world.

According to the ORQ identity #,n=hc: the energy-
frequency ratio 4, of the informons (photons) of Planck’s
optical agent OA(c|h) is exactly the Planck constant h;
h,—h is exactly the case of Planck’'s quantum physics in
Bohr's correspondence principle, where photons have mo-
mentum (p=h/4>0) and must perturb the observed object
P. Therefore, Planck’s optical agent OA(c |h) have the ob-
servational perturbation (h>0) and makes observed ob-
jects exhibit quantum effects.

In fact, Newton's classical mechanics is also a special
case of the theory of OQ.

According to the ORQ identity #,n=hc: the energy-
frequency ratio , of the informons of Newton's idealized
agent OA(«0|0) is idealized as zero; h,—0 is exactly the
case of Newton's classical physics in Bohr's correspond-
ence principle, where the idealized informons has no mo-
mentum (p=h,/A=0). Therefore, Newton's idealized agent
OA(c|h) has no the observational perturbation (h,=0).
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And therefore, Newtonian mechanics has not involved
quantum effects or quantum phenomena.

(2) The Unification of
Relativity Theory and Quantum Theory

It is worth noting that the h,# in the ORQ identity
hyn=hc is the product of the eigenvalues 7 and h;, of the
general observational agent OA((#|h), in which the infor-
mation-wave speed 7 represents the theory of observa-
tional relativity (OR), and the general Planck constant h,
represents the theory of observational quantum (OQ); and
that the hc in the ORQ identity #,n7=hc is the product of
the eigenvalues c and h of the optical agent OA((c|h), in
which the light speed c represents Einstein relativity the-
ory, and the Planck constant h represents Planck's quantum
theory. So, the ORQ identity /7= hc has demonstrated the
unification of relativity theory and quantum theory in the
theory of ORQ), that is, the unity of Planck and Einstein.

Conclusion

The theory of ORQ), starting from the definition of OR
time as first principle, not only has deduced the theory of
observational relativity (OR), but also has deduced the the-
ory of observational quantum (OQ). As a theory of the
general observation agent OA(77|h;) (0<n<w; h,>0), the
theory of ORQ, including OR and OQ, has had a broad
perspective bring significant discoveries and new insights
to physics.

The OR serial reports attempt to interpret the theory of
ORQ for physicists and readers.

In ORQ, the theory of OR has formed a complete the-
oretical system, generalizing and unifying Newtonian me-
chanics and Einstein's theory of relativity.

The OR serial reports 1-5 51 focused on the signifi-
cant discoveries of the theory of OR: the speed of light is
not really invariant and spacetime is not really curved BI;
the rest mass of photons is not really zero [; Einstein's
prediction on gravitational waves was a mistake [’l; Ein-
stein's prediction on the precession of Mercury's perihelion
is not the objective and real precession of Mercury's peri-
helion [I; The universe may not have really originated
from a Big Bang [°I.

Starting from this article, the focus of the OR serial
report is going to turn to the theory of OQ.

In ORQ, the theory of OQ has formed a basic theoret-
ical framework, including the general Planck equation
E=h,f, de Broglie relation p=h, /4, matter-wave theory,
Schradinger equation i%,0%¥/ot=—(%,212m)V2¥ +V ¥,
uncertainty principle oxop>#,/2, and ORQ identity
hyn=C (C=hc). The subsequent OR serial reports will
successively report significant discoveries and new in-
sights of the theory of OQ.

The theory of OQ implies that quantum theory and rel-
ativity theory will be unified within the same theoretical
system under the same axiom of ORQ.

In order to clarify the unification of relativity theory
and quantum theory within the theory of ORQ, Sec. 4 of
this article specifically stated how the theory of OR de-
duces the general Einstein formula E=m#?, generalizes
the Einstein formula E=mc?, revealing the essence of the

relationship between mass and energy; Sec. 5 of this article
specifically stated how the theory of OQ deduces the gen-
eral Planck equation E=h , f, generalizes the Planck equa-
tion E=hf, revealing the essence of the Planck constant h.

As stated in Sec. 4, the Einstein formula E=mc? is just
a special case of the general Einstein formula E=m#?, and
the mass-energy E and rest-energy E, are only the optical
illusions and apparent phenomena presented to observers
by the optical agent OA(c |h), rather than the objective and
real material energy.

As stated in Sec. 5, the Planck equation E =hf is just a
special case of the general Planck equation E=h,f, and the
Planck constant h is just a special case of the general
Planck constant h,, that is, the energy-frequency ratio of
the informons (photons) of the optical agent OA(c|h), not
a cosmological constant. In the theory of OQ, the Planck
equation E =hf is no longer a hypothesis, but a logical con-
sequence of the theory of OQ. The theory of OQ tells us
that the quantum effects presented in the quantum physics
based on Planck's energy-quantum hypothesis of £=hf, in-
cluding quantum mechanics and quantum-field theory, are
observational effects caused by the perturbation of the op-
tical agent OA(c|h), rather than the inherent quantum ef-
fects and uncertainties in the physical world.

In fact, although deduced from different logical prem-
ises and belonging to different theoretical systems, Ein-
stein's formula E=mc? and Planck’s equation E =hf are a
pair of dual formulas, both of which represent the kinetic
energy of the informons (photons) of the optical agent
OA(c|h): E=mc?=hf. This suggests that there must be
some intrinsic logical connection between Einstein's for-
mula E=mc? and Planck’s equation E =hf, and even that
between relativity theory and quantum theory.

Now, based on the same axiom system, the theory of
OR has extended Einstein's formula E=mc? from the opti-
cal agent OA(c|h) to the general observation agent
OA(7]h,), and the theory of OQ has extended Planck's
equation E =hf from the optical agent OA(c |h) to the gen-
eral observational agent OA(77]h ;). Thus, the general Ein-
stein formula E=m#n? and the general Planck equation
E=h,f become a pair of dual formulas under the same ax-
iom system, both of which represent the kinetic energy of
the informons of the general observation agent OA(#7|h,):
E=m#2=h,f. In this way, the theory of ORQ has revealed
the intrinsic logical connection between Einstein's formula
E=mc? and Planck’s equation E =hf.

As a new theory in mankind's physics, the theory of
ORQ not only has unified Newton and Einstein in the the-
ory of OR, but also has unified Planck and Einstein in the
theory of OQ. As a microcosm, the unification of Ein-
stein's formula E=mc? and Planck's equation E =hf within
the theory of ORQ indicates that the theory of ORQ is
marching towards the unification of relativity theory and
quantum theory.
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