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ABSTRACT

This paper provides a new approach to quantum gravity called Electro-Magnetic Quantum Gravity
(EMQG) is described. It is manifestly compatible with Cellular Automata (CA) theory (ref. 1), and is
based on a new theory of inertia (ref. 5) proposed by R. Haisch, A. Rueda, and H. Puthoff (which we
modified and called Quantum Inertia). They show that Newtonian Inertia is due to the strictly local
electromagnetic force interactions of matter (quantum particles) with the surrounding charged virtual
particles of the quantum vacuum. The sum of all the tiny electromagnetic forces originating from each
charged particle in the mass with respect to the vacuum, is the source of the total inertial force of a
mass which opposes accelerated motion in Newton’s law ‘F = MA’. Their theory also resolves the
problems and paradoxes of accelerated motion introduced in Mach’s principle, by suggesting that the
state of acceleration of the charged virtual particles of the quantum vacuum (with respect to a mass)
serves as Newton’s universal reference frame for the mass, which Newton called ‘absolute’ space. The
(net statistical) acceleration of the charged virtual particles of the quantum vacuum (with respect to
some test mass) can be used as an absolute reference frame to gauge inertial mass. Therefore, this
frame can be used to define both absolute acceleration and absolute mass, which is equivalent to
relativistic rest mass. However, this frame cannot be used to gauge absolute state of motion of an
inertial reference frame. Thus, Einstein’s principle of relativity is still applicable for inertial frames
(frames of constant velocity motion, or where Newton’s law of inertia applies). The special relativistic
treatment of inertial force, acceleration, and inertial mass is revised here to acknowledge the existence
of absolute mass. We found that the special relativistic variation of mass with relative velocity m = my
(1 — VAc®™ is actually caused by the decrease in the effectiveness of the applied force, where the
applied force and destination mass have a large relative velocity ‘v . We show that this decrease of the
applied force is caused by a relativistic timing effect of the received force exchange particles, which
altersthe received flux.

Einstein’s principle of equivalence of inertial and gravitational mass was invoked to understand the
origin of gravitational mass from the perspective of quantum inertia. We found that gravity also
involves the same ‘inertial’ electromagnetic force component that exists for inertial mass. We propose
that the general relativistic Weak Equivalence Principle (WEP) is a physical phenomenon, originating
from common ‘lower level’ quantum processes occurring in both gravitational mass and inertial mass.
Gravitational mass results from the interactions of both the electromagnetic force (photon exchanges)
and the pure gravitational force (graviton exchanges) on matter, acting simultaneously. However,
inertial mass is strictly the result of the electromagnetic force process given in quantum inertia (with
negligible graviton processes present). For a gravitational test mass near the earth, the graviton
exchange process occurring between the earth, the test mass, and the surrounding vacuum particles
upsets perfect equivalence of inertial and gravitational mass, with the gravitational mass being slightly
larger than inertial mass. Similarly, if a large and a tiny test mass are dropped simultaneously on the
earth, the larger mass falls faster by a minute amount. The tiny deviation from perfect equivalence,
known as the ‘Ostoma-Trushyk’ effect, might be detected experimentally. Of course any violation of
the WEP also necessarily implies that the strong equivalence principleis no longer applicable.

All elementary (fermion) particles get their quantum mass numbers from combinations of just one
fundamental matter (and anti-matter) particle called the ‘masseon’ particle. The masseon has one,
fixed (smallest) quanta of mass (similar to the idea of a quanta of electric charge), which we call low
level ‘mass charge’. The masseon also carries either a positive or negative (smallest) quanta of electric
charge. Furthermore, we propose a new universal constant “i”, defined as the inertial force existing
between the quantum vacuum and a single charged masseon particle accelerating at 1 g. At 1g, this
force is the smallest possible quanta of inertial and gravitational force. The masseon particle generates
a fixed flux of gravitons, with a flux rate being completely unaffected by relativistic motion (called ‘low
level mass'). The graviton is the vector boson exchange particle of the pure gravitational force
interaction. In EMQG, the graviton exchanges are physically similar to the photon exchangesin QED,
with the same concept of positive and negative gravitational ‘mass charge’ carried by masseons and




anti-masseons. The ratio of the graviton to photon exchange force coupling is about 10%. Near a large
mass like the earth, we find that photon exchanges occur between the charged masseon particles of a
test mass and the surrounding (falling) quantum vacuum virtual particles. We_also find graviton
exchanges occurring between the earth and the surrounding virtual particles of the quantum vacuum,
and also directly between the earth and the test mass. The photon exchange process is responsible for
the equivalence of inertial and gravitational mass. The graviton exchange processis responsible for the
distortion of the (statistical average) acceleration vectors of the virtual particles of the quantum
vacuum near the earth. There are equal numbers of virtual masseon and anti-masseon particles
exigting in the quantum vacuum everywhere, and at any given instant of time. This is why the
cosmological constant is almost zero, in the universe; there is an equal proportion of attractive and
repulsive gravitational forcesin the quantum vacuum..

Now, 4D curved Minkowski space-time is a consequence of the behavior of matter (particles) and
energy (photons) under the influence of this (statistical average) downward accelerated ‘flow’ of
charged virtual particles of the quantum vacuum. This coordinated ‘accelerated flow' of the virtual
particles can be thought of as a special ‘Fizeau-like fluid' that ‘flows through all matter near a
gravitational field (and also in matter undergoing accelerated motion). Like in the Fizeau experiment
(which was performed with a constant velocity water flow) the behavior of photons, clocks, and rulers
are now affected by the accelerated flow of the virtual particles of the quantum vacuum. Einstein
interpreted this phenomenon as being the result of 4D Minkowski space-time curvature. In EMQG, we
take an alternative interpretation. Space-time measurements, which are based on measuring
instruments made of matter, are now affected by the action of this accelerated ‘Fizeau-like fluid'. At
tiny quantum distance scales, there exists a kind of secondary (quantized) absolute 3D space and
separate absolute (quantized) time as required by CA theory. Thisis represented by a rectangular array
of numbers or cells; C(x,y,2). These cells change state after every new CA clock operation Dt. The
array of numbers C(x,y,2) is called CA space, which acts like the Newtonian version of Cartesian
absolute space. There also exists a separate absolute time needed to evolve the numerical state of the
CA. CA space and time are not effected by any physical interactions, and are also not accessible
through direct measurement. In CA space, the Plank distance (1.6 x 10 meters) roughly corresponds
to the minimum event distance (or cell ‘size’), and Plank time (5.4 x 10* sec) to the minimum time
interval possible. We show that any CA model automatically leads to a maximum speed limit for the
transfer of information from place to place in CA space, and hence leads to strict physical locality of
all interactions. Furthermore, we show that the Lorentz transformation follows mathematically from
CA theory. Hence, Minkowski 4D flat space-time of special relativity can be seen as the direct
consequence of universal Cellular Automata, as seen by inertial observers, who are not aware, and
cannot measure the absolute units of CA space and time.

Gravitational Waves (GW) are not directly quantized by the gravitons. A periodic accelerating mass
causes a corresponding periodic variation in the graviton flux at any point surrounding the mass. This
isresponsible for the initial periodic disturbance in the (net statistical) average acceleration vectors of
the virtual particles of the quantum vacuum (masseons and anti-masseons in the immediate vicinity of
the mass). This periodic disturbance of the average acceleration vectors of the nearby virtual particles
with respect to the original mass is the origin of the gravitational wave, which can carry energy to a
very distant detector. The GW carries a large energy density (due to the huge numbers of virtual
particles involved), which is quite capable of explaining the large stiffness of the GW predicted by
general relativity (ref. 13). Once the periodic virtual particle disturbance is started, it is self-
propagating by the mutual quantum vacuum virtual particles electromagnetic force interactions. The
undisturbed acceleration vectors of the virtual particles ahead of the GW, now becomes disturbed by
the electromagnetic force interaction when the GW arrives. Thus, in EMQG, the outward propagating
GW is really a time-varying periodic increase and decreases in the net acceleration of the virtual
particle acceleration vectors (with respect to the original mass), that was started by the time varying
graviton flux. Once the GW is initiated, however, it is self-sustaining as is propagates throughout space
electromagnetically. A very simple physical interpretation of the Lense-Thirring effect is given based
on the propagation of gravitons and virtual particles. The finite speed of the graviton allows a massive
rotating object to carry an observer a small amount during rotation. The virtual particles take the same



path as the gravitons. Since 4D space-time curvature is in the direction of the virtual particle flow,

inertial frames appear to be dragged by the earth by 42.5 milli-arcseconds.
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CONCISE SUMMARY OF ELECTROMAGNETIC QUANTUM GRAVITY

“Experiment has provided numerous facts justifying the following generalization: absolute motion of
matter, or, to be more precise, the relative motion of weighable matter and ether, cannot be disclosed.
All that can be done isto reveal the motion of weighable matter with respect to weighable matter...”

H. Poincare (1895)

“Theinterpretation of geometry advocated here cannot be directly applied to submolecular spaces ...
it might turn out that such an extrapolation is just as incorrect as an extension of the concept of
temperature to particles of a solid of molecular dimensions”

A. Einstein (1921)

Introduction to EM QG Theory

A new approach to the unification of quantum theory with general relativity referred to as Electro-
Magnetic Quantum Gravity (EMQG)) is described. It has its origins in Cellular Automata (CA)
theory (ref. 1,2,3, and 4), and is also based on the new theory of inertia that has been proposed by R.
Haisch, A. Rueda, and H. Puthoff (ref. 5) known here as the HRP Inertia theory. These authors
suggested that inertia is due to the strictly local force interactions of charged matter particles with
their immediate background virtual particles of the quantum vacuum. They found that inertia is
caused by the magnetic component of the L orentz for ce, which arises between what the author’s call
the charged ‘parton’ particles in an accelerated reference frame interacting with the background
guantum vacuum virtual particles. The sum of all thesetiny forcesin this processisthe source of the
resistance force opposing accelerated motion in Newton’s F=MA. We have found it necessary to
make a small modification of HRP Inertia theory as a result of our investigation of the principle of
equivalence. The modified version of HRP inertiais called “ Quantum Inertia” (or Ql). In EMQG, a
new elementary particle is required to fully understand inertia, gravitation, and the principle of
equivalence (described in the next section). This theory also resolves the long outstanding problems
and paradoxes of accelerated motion introduced by Mach’s principle, by suggesting that the vacuum
particles themselves serve as Mach'’s universal reference frame (for acceleration only), without
violating the principle of relativity of constant velocity motion. In other words, our universe offers no
observable reference frame to gauge inertial frames, because the quantum vacuum offers no means
to determine absolute constant velocity motion. However for accelerated motion, the quantum
vacuum plays a very important role by offering a resistance to acceleration, which results in an
inertial force opposing the acceleration of the mass. Thus, the very existence of inertial force reveals
the absolute value of the acceleration with respect to the net statistical average acceleration of the
virtual particles of the quantum vacuum. Reference 14 offers an excellent introduction to the motion
of matter in the vacuum, and on the history of the virtual particles of the quantum vacuum.

There have been various clues to the importance of the state of the virtual particles of the quantum
vacuum, with respect to the accelerated motion of real charged particles. One example is the so-
called Davies-Unruh effect (ref. 15), where uniform and linearly accelerated charged particlesin the
vacuum areimmersed in a heat bath, with a temperature proportional to acceleration (with the scale
of the quantum heat effects being very low). However, the work of reference 5 is the first place we
have clearly seen the identification of inertial forces as the direct consequence of the interactions of
real matter particleswith the virtual particles of the quantum vacuum.

There has also been a suggestion that the virtual particles of the quantum vacuum are involved in
gravitational interactions. The prominent Russian physicist A. Sakharov proposed in 1968 (ref. 16)
that Newtonian gravity could be interpreted as a van der Waals type of force induced by the
electromagnetic fluctuations of the virtual particles of the quantum vacuum. Sakharov visualized
ordinary neutral matter as a collection of electromagnetically, interacting polarizable particles
made of charged point-mass subparticles (partons). He associated the Newtonian gravitational field



with the Van Der Waals force present in neutral matter, where the long-range radiation fields are
generated by the parton ‘Zitterbewegung'. Sakharov went on to develop what he called the ‘metric
elasticity’ concept, wher e space-time is somehow identified with the *hydrodynamic elasticity’ of the
vacuum. However, he did not understand the important clues offered by the equivalence principle,
nor therolethat the quantum vacuum played in inertia and Mach’s principle.

In 1974, Hawkings (ref. 17) announced that black holes are not completely black. Black holes emit
an outgoing thermal flux of radiation due to gravitational interactions of the black hole with the
virtual particle pairs created in the quantum vacuum near the event horizon. At first sight, the
emission of thermal radiation from a black hole seems paradoxical (since nothing can escape from
the event horizon). However, the spontaneous creation of virtual particle and anti-particle pairs in
the quantum vacuum near the event horizon can be used to explain this effect (ref. 18). Heuristically,
one can imagine that the virtual particle pairs (created with wavelength | , approximately equal to
the size of the black hole) ‘tunné’ out of the event horizon. For virtual particle with wavelength
comparable to the size of the hole, strong tidal forces operate to prevent re-annihilation. One virtual
particle escapes to infinity with positive energy to contribute to the Hawking radiation, while the
corresponding antiparticle enters the black hole to be trapped forever by the deep gravitational
potential. Thus, the quantum vacuum is important in order to understand Hawking Radiation. In
EMQG, the quantum vacuum plays an extremely important role in both inertia and gravitation.
Anybody who believes in the existence of the virtual particles of the quantum vacuum, and accepts
the fact that many of them carry mass (virtual fermions in particular) will have no trouble in
believing that they are falling in the presence of a large gravitational mass. The existence of the
downward accelerating virtual particles (during their brief lifetime) under gravitational fields turns
out to be a central theme of EMQG. This idea turns out to be the missing link between inertia and
gravity, and leads us directly to a full under standing of the principle of equivalence.

EM QG and the Quantum Theory of Inertia

EM QG theory presents a unified approach to Inertia, Gravity, the Principle of Equivalence, Space-
Time Curvature, Gravitational Waves, and Mach’'s Principle. These apparently different
phenomena are the common results of the quantum interactions of the real (charged) matter
particles (of a mass) with the surrounding virtual particles of the quantum vacuum through the
exchange of two force particles: the photon and the graviton. Furthermore, the problem of the
cosmological constant is solved automatically in the framework of EMQG. This new approach to
guantum gravity is definitely non-geometric on thetiniest of distance scales (Plank Scales of distance
and time). Thisis because the large scale relativistic 4D space-time curvature is caused purely by the
accelerated state of virtual particles of the quantum vacuum with respect to a mass, and their
discrete interactions with real matter particles of a mass through the particle force exchange
process. Because of this departure from a univer se with fundamentally curved space-time, EMQG is
a complete change in paradigm over conventional gravitational physics. This paper should be
considered as a framework, or outline of a new approach to gravitational physics that will hopefully
lead to a full theory of quantum gravity.

We modified the HRP theory of Inertia (ref. 5) based on our detailed examination of the principle of
equivalence. In EMQG, the modified version of inertia is known as “Quantum Inertia’, or Ql. In
EMQG, a new elementary particle is required to fully understand inertia, gravitation, and the
principle of equivalence. All matter, including electrons and quarks, must be made of nature’'s most
fundamental mass unit or particle which we call the ‘masseon’ particle. These particles contain one
fixed, fundamental ‘quanta’ of both inertial and gravitational mass. The masseons also carry one
basic, smallest unit or quanta of electrical charge as well, of which they can be either positive or
negative. Masseons exist in the particle or in the anti-particle form (called anti-masseon), that can
appear at random in the vacuum as virtual masseon/anti-masseon particle pairs of opposite electric
charge and opposite ‘mass charge' . The earth consists of ordinary masseons (with no anti-masseons),



of which there are equal numbers of positive and negative electric charge varieties. In HRP Inertia
theory, the electrically charged ‘parton’ particles (that make up an inertial mass in an accelerated
reference frame) interact with the background vacuum electromagnetic zer o-point-field (or virtual
photons) creating a resistance to acceleration called inertia. We have modified this dightly by
postulating that the real masseons (that make up an accelerating mass) interacts with the
surrounding, virtual masseons of the quantum vacuum, electromagnetically (although the details of
this process are still not fully under stood). The properties of the masseon particle and gravitons are
developed later.

Thanks to Quantum Inertia, we now have a new and clearer understanding of Newtonian
momentum. We maintain that under QI theory, it is force that is truly a fundamental concept, not
momentum (or conservation of momentum). The Newtonian momentum, which is defined by ‘mv’, is
simply a bookkeeping value used to keep track of the inertial mass ‘m’ (defined as F/A) in the state
of constant velocity motion ‘v’ with respect to another mass that it might collide with at a future
time. In this way, momentum is a relative quantity. Momentum simply represents information (with
respect to some other frame) about what will happen in later (possible) force reactions. This fitsin
with the fact that inertial mass cannot be measured for constant velocity mass in motion (in an
inertial frame for example, away from all other masses) without introducing test accelerations. If a
mass is moving at a constant velocity, there are no forces present from the vacuum. Furthermore,
momentum requires some other reference frame to gauge the velocity ‘v’'. The higher the velocity of
the mass ‘m’, the greater will be the subsequent deceleration (and the greater the inertial force
present during a later collision when it meets with another object). If the velocity doubles with
respect to a wall ahead, for example, then the deceleration doubles in a later impact. Before
doubling the velocity, the acceleration ag = (vp - 0)/t; and after doubling, a = (2v, - 0)/t = 23, .
Thereforewefind that f = 2f, , the for ce required from the wall (assuming the time of collision isthe
same). Similarly, if the mass is doubled, the force required from the wall doubles, or f=2f,. Recall
that inertial force comes from the opposition of the quantum vacuum to the acceleration of mass (or
deceleration as in this case). Similarly, the kinetic energy ‘1/2mv* of a mass moving at a constant
relative velocity ‘v’, is also a bookkeeping parameter (defined as the product of force and thetime a
forceis applied). This quantity keeps track of the subsequent energy reactions that a mass will have
when later accelerations (or decelerations) occur with respect to some other mass. It isimportant to
remember that it is the electromagnetic quantum vacuum force that acts against an inertial mass to
oppose any change in its velocity. To summarize, momentum simply keeps track of any possible
future inertial force reactions with the quantum vacuum, with respect to a mass and a pair of
observers.

EMOG and the Quantum Origin of Newton’s L aws of Motion

We are now in a position to understand the quantum nature of Newton’s classical laws of motion.
According to the standard textbooks of physics (ref. 19) Newton’s three laws of laws of motion are:

(1) An object at rest will remain at rest and an aobject in motion will continue in motion with a
constant velocity unlessit experiences a net external force.

(2) The acceleration of an object is directly proportional to the resultant force acting on it and
inversely proportional to its mass. Mathematically: SF = ma, where F and a are vectors.

(3) If two bodies interact, the force exerted on body 1 by body 2 is equal to and opposite the force
exerted on body 2 by body 1. Mathematically: Fy; = -F»;.



Newton’s first law explains what happens to a mass when the resultant of all external forceson it is
zero. Newton’s second law explains what happens to a mass when there is a nonzero resultant force
acting on it. Newton’s third law tells us that forces always come in pairs. In other words, a single
isolated force cannot exist. The force that body 1 exerts on body 2 is called the action force, and the
force of body 2 on body 1 iscalled the reaction for ce.

In the framework of EMQG theory, Newton's first two laws are the direct consequence of the
(electromagnetic) force interaction of the (charged) elementary particles of the mass interacting
with the (charged) virtual particles of the quantum vacuum. Newton’s third law of motion is the
direct consequence of the fact that all forces are the end result of a boson particle exchange process.

Newton’'s First Law of Motion:

In EMQG, the first law is a trivial result, which follows directly from the quantum principle of
inertia (postulate #3). First a massis at relative rest with respect to an observer in deep space. If no
external forces act on the mass, the (charged) elementary particles that make up the mass maintain
a net acceleration of zero with respect to the (charged) virtual particles of the quantum vacuum
through the electromagnetic force exchange process. This means that no change in velocity is
possible (zero acceleration) and the mass remains at rest. Secondly, a mass has some given constant
velocity with respect to an observer in deep space. If no external forces act on the mass, the
(charged) elementary particles that make up the mass also maintain a net acceleration of zero with
respect to the (charged) virtual particles of the quantum vacuum through the electromagnetic force
exchange process. Again, no change in velocity is possible (zero acceleration) and the mass remains
at the same constant velocity.

Newton’s Second L aw of Motion:

In EMQG, the second law is the quantum theory of inertia discussed above. Basically the state of
relative acceleration of the charged virtual particles of the quantum vacuum with respect to the
charged particles of the massis what isresponsible for the inertial force. By this we mean that it is
the tiny (electromagnetic) force contributed by each mass particle undergoing an acceleration ‘A’,
with respect to the net statistical average of the virtual particles of the quantum vacuum, that results
in the property of inertia possessed by all masses. The sum of all these tiny (electromagnetic) for ces
contributed from each charged particle of the mass (from the vacuum) is the source of the total
inertial resistance force opposing accelerated motion in Newton’s F=MA. Therefore, inertial mass
‘M’ of amasssimply representsthetotal resistance to acceleration of all the mass particles.

Newton’s Third Law of Motion:

According to the boson force particle exchange paradigm (originated from QED) all forces
(including gravity, as we shall see) result from particle exchanges. Therefore, the force that body 1
exerts on body 2 (called the action force), is the result of the emission of force exchange particles
from (the charged particles that make up) body 1, which are readily absorbed by (the charged
particles that make up) body 2, resulting in a force acting on body 2. Similarly, the force of body 2
on body 1 (called the reaction force), isthe result of the absorption of for ce exchange particles that
are originating from (the charged particles that make up) body 2, and received by (the charged
particles that make up) body 1, resulting in a force acting on body 1. An important property of
charge isthe ability to readily emit and absorb boson for ce exchange particles. Therefore, body 1 is
both an emitter and also an absorber of the force exchange particles. Similarly, body 2 is also both
an emitter and an absorber of the force exchange particles. Thisis the reason that thereis both an
action and reaction force. For example, the contact forces (the mechanical forces that Newton was
thinking of when he formulated this law) that results from a person pushing on a mass (and the
reaction force from the mass pushing on the person) is really the exchange of photon particles from
the charged electrons bound to the atoms of the person’s hand and the charged electrons bound to
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the atoms of the mass on the quantum level. Therefore, on the quantum level there is really is no
contact here. The hand gets very close to the mass, but does not actually touch. The electrons
exchange photons among each other. The force exchange process works both directions in equal
numbers, because all the electrons in the hand and in the mass are electrically charged and
ther efor e the exchange process gives for ces that are equal and opposite in both directions.

Quantum I nertia and Special Relativity

Special and General Relativity were developed before (new version) quantum theory, and before the
realization that the universe consists mostly of virtual particles of the quantum vacuum (with real
matter making up thetiniest fraction of the total). Relativity also predates the knowledge that force
results from the exchange of quantum particles called bosons. Furthermore, no one has thoroughly
examined the consequences of the particle exchange process when viewed from the perspective of
relativity theory. We show that when the force exchange process occurs between inertial frames
with a very high velocity is examined carefully, then the particle exchange process itself is
responsible for the relativistic mass-velocity relationship. We shall see that the flux rate of the force
exchange particles from the sour ce is unaffected by any kind of motion, and is an absolute constant
of the CA. However, the received flux rate of exchange particles is affected by the state of motion of
the mass receiving the force, with a relative velocity ‘v’ with respect to the source of the force. This
can be viewed as a direct consequence of the special relativistic Lorentz time dilation formula for
the moving force particle receiver, where the relativistic motion of the receiver upsets the timing of
the received exchange particles. Therefore, the reduction of the force between two inertial frames
with an extremely high relative velocity iswhat is perceived as an increase in inertial mass.

According to the principles of Quantum inertia theory, inertial mass is absolute. We have also seen
that acceleration can be considered absolute as well. The state of relative acceleration of the charged
virtual particles of the quantum vacuum with respect to the charged particles of the massiswhat is
responsible for the inertial force. By this we mean that it is only the acceleration ‘a’ of a mass ‘m’
with respect to the net statistical average acceleration of the virtual particles of the quantum
vacuum, that accounts for the concept of inertia. Therefore, we conclude that inertial mass is
absolute and equivalent to the special relativistic rest mass. Since inertial mass can be considered to
be absolute in this framework, we must closely reexamine the principles of special relativity.
Relativity is based on the premise that all constant velocity motion is relative, and also on the
postulate of the constancy of light velocity. According to special relativity (which restricts itself to
frames of constant velocity called inertial frames, or frames where Newton’s law of inertia holds),
the inertial mass ‘m’ isrelative, and varies with the relative velocity ‘v’ with respect to an inertial
observer, in accordance with the following formula: m = mg / (1-v¥/c®)*?. Here, m, is defined as the
rest mass (inertial mass measured in the same frame as the mass) and ‘c’ is the velocity of light. It
appearsthat QI and special relativity are not compatible in regards to the meaning of inertial mass.
From the point of view of quantum inertia, Einstein’s definition of inertial mass cannot be
fundamentally correct, because it is not related to the inertial quantum vacuum process described
above. This is because we cannot associate the relative velocity ‘v’ directly to any quantum vacuum
process. Recall that it is only the acceleration ‘a’ of a mass ‘m’, with respect to the net statistical
average acceleration vectors of the virtual particles of the quantum vacuum that is the cause of
inertial mass.

Most text book accounts of inertial force and mass in special relativity are based on the
‘conservation of momentum approach’ (ref. 20). Here, momentum conservation (and energy
conservation) is assumed to be the fundamental aspect of nature. In order for momentum to be
conserved with respect to all constant velocity reference frames, the mass must vary with the
relative velocity of the two inertial frames according to special relativity. To see this, recall that
momentum is defined as mass times velocity ‘mv’, and that the momentum isimportant in a collision
only because it provides bookkeeping of the mass and relative velocity. The relative velocity between
the two colliding masses will determine the amount of deceleration in the impact as follows: a=(vs -
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v;)/Dt, were v is the final velocity, and v; the initial velocity. Also, the mass isimportant because the
subsequent force (and therefore energy E = F Dt) is determined by F= m a through the quantum
vacuum process described above. The more mass particles contained in a mass, the greater the
resistance to the acceleration of the mass. Therefore, the product of mass and velocity is an indicator
of the amount of future energy to be expected in a collision (or interaction) of the two masses. The
total_incoming momentum is defined as the momentum of the in-going masses (m,v; + myVv,), the total
out-going momentum is (myvy’ + myVv,'). Here the two masses m; and m, are moving at velocities v,
and v, before the collision, with respect to an observer, and velocity v," and v,' after the collision. In
Newtonian mechanics, the total momentum is conserved for any observer in a constant velocity
reference frame. Therefore, (myvy + myvy) = (Myvy' + myvy'), even though different observers in
general will disagree with each of the relative velocities of a pair of masses that are colliding. Thisis
what we mean by conservation of momentum. If the inertial mass definition were left unmodified in
special relativity, we would find that different observers in different constant velocity frames
disagree on the conservation of momentum for colliding masses. However, it can be shown (ref. 20)
that if the mass of an object ‘m’ (from the point of view of an observer in constant velocity motion ‘v’
with respect to a mass mg, measured by an observer at relativerest) isredefined as follows:

m =mo / (1-v¥c?)¥? | then the total momentum of the collision remains conserved as in Newtonian
mechanics.

How does special relativity treat the definition of inertial mass from the point of view of inertial
forces only, as given by Newton's law of inertiaz F= M A? Since Einstein was aware that
acceleration is not invariant, he knew that Newton's law had to be modified. An excellent
description of this process is given in the text book titled ‘Special Relativity’ by A.P. French (ref.
21). To quote French:

“... the discovery and specification of laws of force is a central concern of physics. It is certainly
important, therefore, to know how to transform forces and equations of motion so as to give a
description of them from the point of view of different inertial frames. Since in special relativity the
acceleration is not invariant, we know that we cannot enjoy the simplicity of Newtonian mechanics,
but we can certainly arrive at some useful and meaningful statements.

The starting point, which we indeed made use of in the initial stages of our approach to relativity is
Newton’slaw in the form

F= dp/dt = d (mv)/dt wherem =mjg (1-v¥c?)™Y?

We take this as a definition of F. It is a natural extension (and simplest extension) of the non-
relativistic result. It isnot a statement that can be independently proved.”

Einstein had to modify Newton's inertial law during his attempt to revise all physics to be
relativistic. However, he was not aware of the existence of the virtual particles of the quantum
vacuum, or that force is a consequence of the exchange of particles at that time he formulated his
theory. We now know that thereis no direct contact when forces are transmitted, and forces do not
act instantaneoudly. In order to understand what happens with inertial mass and force we must
recall that the quantity of force transmitted between two objects very much depends on the flux rate
of the exchange particles. In other words, the number of particles exchanged per unit of time
represents the magnitude of the force transmitted between the particles. For example, imagine that
there are two charged particles at relative rest in an inertial reference frame. There are a fixed
number of particles exchanged per second at a fixed distance ‘d’. Now imagine that particle B is
moving away at a constant relative velocity ‘v’ with respect to particle A. If the relative velocity
v<<c the exchange process appears almost the same as when the two particles are at rest. Thisis
because the velocity of light (the speed of the exchange particles) is very high when compared to ‘v’
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and the flux rate is unaffected. Now imagine that the relative recession velocity v -> ¢, which is
comparable to the velocity of the force exchange particle. Does the received flux rate of particle B
get altered from the per spective of particle B? The answer isyes!

We have reason to believe that the received flux rate varies with the relative velocity ‘v'. It is clear
from Lorentz time dilation that the timing of the exchange particle will be altered when thereis a
receding relativistic velocity. Recall the Lorentz time dilation formula of special relativity: t =ty / (1
—Vv2/c®)¥2, which states that the timing of events varies with relative velocity ‘v'. If the timing of the
exchange particlesis altered, then the flux rate is altered as well, since flux has units of numbers of
particles per unit time. It isimportant to realize that the flux rate of the emission of force exchange
particles by particle A isnot actually affected by it’s motion.

Now assume that particle A emits a flux of F, particles per second, as seen by an observer in
particle A’srest frame. When the for ce exchange particles are transmitted to particle B, particle B
sees the flux rate decrease because of time dilation. Therefore, we find that particle B receives a
smaller quantity of exchange particles per second F, then when the particles are at relative rest.
Thus, particle A acts like it transmits a smaller flux rate Fy, such that F, = F, (1 —v¥/c®)*2 Since
the force due to the particle exchange is directly proportional to the flux of particles exchanged, we
can thereforewrite:

F = Fo (1 — vV¥/c®)Y? whereis Fo is the magnitude of the force when particle A and B are at relative
rest, and F is the smaller force acting between particle A and B when the receding relative velocity
is ‘v'. Thus, we can conclude that when a force acts to cause an object to recede away from the
source of the force, the force reduces in strength, and is less effective. With a similar line of
reasoning, we find that the force increases in strength when a for ce acts to cause an object to move
towar ds the sour ce of the force.

We are now in a position to see the apparent relationship between the inertial mass and velocity.
Since all forces are due to particle exchanges, we can use the method developed above to study
inertial forces between to inertial frames. First, at relative rest where v=0, we have F= F,. The rest
mass ‘my’ isdefined by Newton’slaw: Fo =mg a, where ‘a’ isatest acceleration that isintroduced to
measure the inertial rest mass. Now, if there is a relative velocity between the applied force and the
mass ‘m’ given by ‘v’, which causes the mass to recede, we can write:

F = Fo (1 — v¥/c®)*? = m a, where the force is reduced in magnitude for the reasons discussed above,
and the mass ‘m’ is considered absolute (or m= m,, as in Newtonian Mechanics). In EMQG, we
believe that this represents the actual physics of the force interaction. However, if one takes the
position that the for ce does not vary with velocity, but that the massis what actually varies, then the
above equation can bere-interpreted as:

F=ma=my(1-Vvi¥c?) ™ a, fromwhich: m=m,(1-v%c® Y2 asgiven by Einstein.

So we see that we are in a situation where it is experimentally impossible to distinguish between
inertial mass variation with velocity, versus force variation with velocity. What velocities can a mass
achieve through the application of an accelerating force? According to our analysis above, the
answer isthat thelimiting speed isthe speed of the exchange particles, or light velocity. At thislimit,
the accelerating for ce effectively becomes negligible in magnitude!

It is convenient to associate the variation of force with an increase in relativistic mass as Einstein
proposed, for two important reasons. First, this restores the conservation of total momentum in
collisions for all inertial observers (in fact, this is how Einstein derived his famous mass-velocity
relationship). Secondly, if a mass is accelerated to relativistic velocities with respect to some
observer by a force, and this force is removed, there will be no way to determine the subsequent
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energy release when a collision occurs later. In other words, when this mass collides with an object,
a rapid deceleration occurs with a large release of energy (which is force multiplied by time). This
energy release is greater then what can be expected from Newton’s laws, as we have seen. In fact,
the large energy release is due to the effective increase in the force during the collision due to
increased numbers of force exchange particles (a relativistic timing effect opposite to time dilation)
between the mass and the colliding wall (say). This effect acts to increase the apparent flux rate of
the for ce exchange particles, and thusto a greater colliding force.

Quantum Principle of Equivalence

Arevirtual particle for ce exchange processes originating from the quantum vacuum also present for
gravitational mass? The answer turns out to be a resounding yes! As we suggested, there is some
evidence of the interplay between the virtual particles of the quantum vacuum and gravitational
phenomena. In order to see how this impacts our understanding of the nature of gravitational mass,
we found it necessary to perform a thorough investigation of Einstein’s Principle of Equivalence of
inertial and gravitational mass in general relativity under the guidance of the new theory of
quantum inertia.

There are two main formulations of the principle of equivalence: the Weak Equivalence Principle
(WEP) and the Strong Equivalence Principle (SEP). The Strong Equivalence Principle states that
the results of any given physical experiment will be precisely identical for a uniformly accelerated
observer in free space as it is for a non-accelerated observer in a perfectly uniform gravitational
field. The Weak Equivalence Principle restricts itself to the laws of motion of masses only. It states
that objects of different mass and of any type of material composition will fall at the sameratein a
uniformly accelerated reference frame or under the influence of a uniform gravity field (ref. 22).

We have uncovered some theoretical evidence that the SEP may not hold for certain experiments.
There are two basic theoretical problems with the SEP in regards to quantum gravity. Firgt, if
gravitons (the proposed force exchange particle) can be detected with some new form of a sensitive
graviton detector, we would be able to distinguish between an accelerated reference frame and a
gravitational frame with this detector. This is because accelerated frames would have virtually no
graviton particles present, whereas gravitational fields like the earth have enormous numbers of
graviton particles. Secondly, theoretical considerations from several authors (ref. 23) regarding the
emission of electromagnetic waves from a uniformly accelerated charge, and the lack of radiation
from the same charge subjected to a static gravitational field leads us to question the validity of the
SEP for charged particles radiating electromagnetically. These ideas will be examined in detail in
section 15.8.

How does the WEP hold out in EMQG? The WEP has been tested to a phenomenal accuracy (ref
24.) in recent times. Yet, in our current understanding of the WEP, we can only specify the accuracy
as to which the two different mass values (or types) have been shown experimentally to be equal
inside an inertial or gravitational field. There exists no physical or mathematical proof that the
WEP is precisaly true. It is still only a postulate of general relativity. We have applied the recent
work on quantum inertia (ref. 5) to the investigation of the weak principle of equivalence, and have
found theoretical reasons to believe that the WEP is not precisely correct when measured in
extremely accurate experiments. Imagine an experiment with two masses, one mass M; being very
large in value, and the other mass M, is very small (M; >> M,). These two masses are dropped
simultaneoudly in a uniform gravitational field of 1g from a height ‘h’, and the same pair of masses
are also dropped inside a rocket accelerating at 1g, at the same height ‘h’. We predict that there
should be a minute deviation in arrival times on the surface of the earth (only) for the two masses,
known as the ‘Ostoma-Trushyk effect’, with the heavier mass arriving just dightly ahead of the
smaller mass. This is due to a small deviation in the magnitude of the force of gravity on the mass
pair (in favor of M;) on the order of (N;-N,)i * d, where (N;-N,) is the difference in the low level

14



mass specified in terms of the difference in the number of masseon particles in the two masses
(defined latter) times the single masseon mass ‘i’, and d is the ratio of the gravitational to
electromagnetic forces for a single (charged) masseon. This experiment is very difficult to perform
on the earth, because d is extremely small (»10“°), and DN = (N;-N,) cannot in practice be made
sufficiently large to produce a measurable effect. However, inside the accelerated rocket, the arrival
times are exactly identical for the same pair of masses. This, of course, violates the principle of
equivalence, since the motion of the masses in the inertial frame is dightly different then in the
gravitational frame. We will see that this imbalance is minute because of the dominance of the
strong electromagnetic for ce which is also acting on the masseons of the two masses from the virtual
particles of the quantum vacuum. This acts to stabilize the fall rate, giving us nearly perfect
equivalence.

This conclusion is based on the discovery that the weak principle of equivalence results from lower
level physical processes. Mass equivalence arises from the equivalence of the force generated
between the net statistical aver age acceleration vectors of the charged matter particlesinside a mass
with respect to the immediate surrounding quantum vacuum virtual particles inside an accelerating
rocket. This is almost exactly the same physical force occurring between the stationary (charged)
matter particles and the immediate surrounding accelerating virtual particles of the same mass near
the earth. It turns out that equivalence is not perfect in the presence of a large gravitational field
like the earth. Equivalence breaks down due to an extremely minute force imbalance in favor of a
larger mass dropped simultaneously with respect to a smaller mass. This force imbalance can be
traced to the pure graviton exchange for ce component occurring in the gravitational field that is not
present in the case of the identically dropped masses in an accelerated rocket. This imbalance
contributes a minute amount of extra force for the larger mass compared to the smaller mass (dueto
many more gravitons exchanged between the larger mass as compared to the smaller mass), which
might be detected in highly accurate measurements. In the case of the rocket, the equivalence of two
different falling masses is perfect, since it is the floor of the rocket that accelerates up to meet the
two masses simultaneously. Of course, the breakdown of the WEP also means the downfall of the
SEP.

In EMQG, the gravitational interactions involve the same electr omagnetic for ce interaction as found
in inertia based on our QI theory. We also found that the weak principle of equivalence itself is a
physical phenomenon originating from the hidden lower level quantum processes involving the
guantum vacuum particles, graviton exchange particles, and photon exchange particles. In other
words, gravitation is purely a quantum for ce particle exchange process, and is not based on low level
fundamental 4D curved space-time geometry of the universe as believed in general relativity. The
perceived 4D curvature is a manifestation of the dynamic state of the falling virtual particles of the
guantum vacuum in accelerated frames, and gravitational frames. The only difference between the
inertial and gravitation forceisthat gravity also involves graviton exchanges (between the earth and
the quantum vacuum virtual particles, which become accelerated downwards), whereas inertia does
not. Gravitons have been proposed in the past as the exchange particle for gravitational interactions
in a quantum field theory of gravity without much success. The reason for the lack of successis that
graviton exchange is not the only exchange process occurring in large-scale gravitational
interactions; photon exchanges are also involved! It turns out that not only are there both graviton
and photon exchange processes occurring simultaneously in large scale gravitational interactions
such as on the earth, but that both exchange particles are almost identical in their fundamental
nature (Of course, the strength of the two forces differs greatly). There is the other reason we
named our theory of quantum gravity ‘ElectroMagnetic Quantum Gravity’ or EMQG; the great
similarity between gravitons and photons exchange particles.

The equivalence of inertial and gravitational massis ultimately traced down to thereversal of all the

relative acceleration vectors of the charged particles of the accelerated mass with respect to the (net
statistical) average acceleration of the quantum vacuum particles, that occurs when changing from
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inertial to gravitational frames. Theinertial mass ‘M’ of an object with acceleration ‘a’ (in a rocket
traveling in deep space, away from gravitational fields) results from the sum of all the tiny for ces of
the charged elementary particles that make up that mass with respect to the immediate quantum
vacuum particles. This inertial force is in the opposite direction to the motion of the rocket. The
(charged masseon) particles building up the mass in the rocket will have a net statistical average
acceleration ‘a’ with respect to the local (charged masseon) virtual particles of the immediate
guantum vacuum. A stationary gravitational mass resting on the earth’s surface has this same
guantum process occurring as for the accelerated mass, but with the acceleration vectors reversed.
What we mean by this isthat under gravity, it is now the virtual particles of the quantum vacuum
that carries the net statistical average acceleration ‘A’ downward. This downward virtual particle
acceleration is caused by the graviton exchanges between the earth and the mass, where the massis
not accelerated with respect to the center of mass of the earth. (Note: On an individual basis, the
velocity vectors of these quantum vacuum particles actually point in all directions, and also have
random amplitudes. Furthermore, random accelerations occur due to force interactions between the
virtual particles themselves. This is why we refer to the statistical nature of the acceleration.) We
now see that the gravitational force of a stationary massis also the same sum of the tiny forces that
originate for a mass undergoing accelerated motion in a gravitational field from the virtual particles
of the quantum vacuum according to Newton’slaw ‘F = MA’. In other words, the sameinertial force
F=MA isalso found hidden inside gravitational interactions of masses! M athematically, thisfact can
be seen in Newton’s laws of inertia and in Newton’s gravitational force law by dlightly rearranging
the formulas as follows:

Fi =M; (A) ... theinertial force F; opposes the acceleration A; of mass M; in the rocket, caused by
the sum of thetiny forces from the virtual particles of the quantum vacuum.

Fe= Mg (Ag=My4(GMJr?) ... the gravitational force Fyisthe result of akind of an inertial force given
by ‘Mg Ay where Aj- GMJr? is now due to the sum of the tiny forces from the virtual particles of
the quantum vacuum (now acceler ating downwar ds).

Since Fi=Fg, and since the acceleration of gravity is chosen to be the same as the inertial
acceleration, where the virtual particles now have: Ay = A; = GMJr? | therefore Mi=My , or the
inertia mass is equal to the gravitational mass (M. is the mass of the earth). Here, Newton’s law of
gravity is rearranged slightly to emphasis it’s form as a kind of an ‘inertial force’ of the form
F=MA, where the acceleration (GMJr?) is now the net statistical average downward acceleration of
the quantum vacuum virtual particles near the vicinity of the earth.

Thisderivation is not complete, unless we can provide a clear explanation asto why Fi=F,, which we
know to be true from experimental observation. In EMQG, both of these forces are understood to
arise from an almost identical quantum vacuum process! For accelerated masses, inertia is the force
F; caused by the sum of all the tiny electromagnetic forces from each of the accelerated charged
particles inside the mass; with respect to the non-accelerating surrounding virtual particles of the
gquantum vacuum. Under the influence of a gravitational field, the same force F, exists as it does in
inertia, but now the quantum vacuum particles are the ones undergoing the same acceleration A,
(through graviton exchanges with the earth); the charged particles of the mass are stationary with
respect to earth’s center. The same force arises, but the arrows of the acceleration vectors are
reversed. To elaborate on this, imagine that you are in the reference frame of a stationary mass
resting on the surface with respect to earth’s center. An average charged particle of this mass ‘sees
the virtual particles of the quantum vacuum in the same state of acceleration, as does an average
charged particle of an identical mass sitting on the floor of an accelerated rocket (1 g). In other
words, the background quantum vacuum ‘looks exactly the same from both points of view
(neglecting the very small imbalance caused by a very large number of gravitons interacting with
the mass directly under gravity, this imbalance is swamped by the strength of the electromagnetic
for ces existing).
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These equations and methodology illustrates equivalence in a special case: i.e, between an
accelerated mass M; and the same gtationary gravitational mass Mg In EMQG, the weak
equivalence principle of gravitational and inertial frames holds for many other scenarios such as for
free falling masses, for masses that have considerable self gravity and energy (like the earth), for
elementary particles, and for the propagation of light. However, equivalence is not perfect, and in
some situations (for example, antimatter discussed in section 15.4) it simply does not hold at all!

An astute observer may question why all the virtual particles (electrons, quarks, etc, all having
different masses) are accelerating downwards on the earth with the same acceleration. This
definitely would be the case from the per spective of a mass being accelerated by a rocket (where the
observer is accelerating). Since the masses of the different types of virtual particles are all different
according to the standard model of particle physics, why are they all falling at the same rate? Since
we are trying to derive the equivalence principle, we cannot invoke this principle to state that all
virtual particles must be accelerating downward at the samerate. It turns out that the all quantum
vacuum virtual particles are accelerating at the same rate because all particles with mass (virtual or
not) are composed of combinations of a new fundamental “ masseon” particle which carries just one
fixed quanta of mass. Therefore, all the elementary virtual masseon particles of the quantum
vacuum are acceler ated by the same amount. These masseons can bind together to form the familiar
particles of the standard model, like virtual electrons, virtual positrons, virtual quarks, etc.
Recalling that the masseon also carries electrical charge, we see that all the constituent masseons of
the quantum vacuum particles fall to earth at same rate through the electromagnetic interaction (or
photon exchange) process, no matter how the virtual masseons combine to give the familiar virtual
particles. This process works like a microscopic principle of equivalence for falling virtual particles,
with the same action occurring for virtual particlesasfor large falling masses.

The properties of the masseon particle will be elaborated later (the masseon may be the unification
particle sought out by physicist, in which case it will have other properties to do with the other
forces of nature). For now, note that the masseon also carries the fundamental unit of electric charge
as well. This fundamental unit of electric charge turns out to be the source of inertia for all matter
according to Quantum Inertia. By postulating the existence of the masseon particle (which is the
fundamental unit of ‘mass charge’ as well as ‘electrical charge’) all the quantum vacuum virtual
particles acceler ate at the same rate with respect to an observer on the surface of the earth. We have
postulated the existence of a fundamental “low level gravitational mass charge” of a particle, which
results from the graviton particle exchange process similar to the process found for electrical
charges. This ‘mass charge' is not affected when a particle achieves relativistic velocities, so we can
state that ‘low level mass charge’ is an absolute constant. For particles accelerated to relativistic
speeds, a high relative velocity between the source of the force and the receiving mass affects the
ordinary measurable inertial mass, as we have seen (in accordance to Einstein’s mass-velocity
formula).

Summary of the Basic Mass Definitionsin EMQG

In summary, EMQG proposesthree different mass definitions for an object:

INERTIAL MASS is the measurable mass defined in Newton’s force law F=MA. Thisis considered
as the absolute mass in EMQG, because it results from force produced by the relative (statistical
average) acceleration of the charged virtual particles of the quantum vacuum with respect to the
charged particles that make up the inertial mass. The virtual particles of the quantum vacuum form
Newton’s absolute reference frame. In special relativity this massis equivalent to the rest mass.

GRAVITATIONAL MASS is the measurable mass involved in the gravitational force as defined in

Newton’s law F=GM ;M ,/R% Thisiswhat is measured on a weighing scale. Thisis also considered as
absolute mass, and is almost exactly the same asinertial mass!
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LOW LEVEL GRAVITATIONAL ‘MASS CHARGE' which isthe origin of the pure gravitational
force, is defined as the force that results through the exchange of graviton particles between two (or
more) quantum particles. This type of mass analogous to ‘electrical charge’, where photon particles
are exchanged between electrically charged particles. Note: this force is very hard to measure
because it is masked by the background quantum vacuum electr omagnetic for ce inter actions, which
dominates over the graviton for ce processes.

These three forms of mass are not necessarily equal! We have seen that the inertial mass is almost
exactly the same as gravitational mass, but not perfectly equal. All quantum mass particles
(fermions) have all three mass types defined above. But bosons (only photons and gravitons are
considered here) have only the first two mass types. This means that photons and gravitons transfer
momentum, and do react to the presence of inertial frames and to gravitational fields, but they do
not emit or absorb gravitons. Gravitational fields affect photons, and thisis linked to the concept of
space-time curvature, described in detail later (Section 16). It is important to realize that
gravitational fields deflect photons (and gravitons), but not by force particle exchanges directly.
Instead, it is dueto a scattering process (described later).

You might think that if a particle has energy, it automatically has mass; and if a particle has mass,
then it must emit or absorb gravitons. This reasoning is based on Einstein’s famous equation E=mc?,
which is derived purely from considerations of inertial mass (and Einstein’s principle of equivalence
extended to gravitational fields). In his famous thought experiment, a photon is emitted from a box,
causing a recoil to the box in the form of a momentum change, and from this he derives his famous
E=mc?. In quantum field theory this momentum change is traceable to a fundamental QED vertex,
where a electron (in an atom in the box) emits a photon, and recoils with a momentum equivalent to
the photon’s momentum ‘mpc”. We have analyzed Einstein’s thought experiment from the
per spective of EMQG and concluded that the photon behaves as if it has an effective inertial mass
‘m,’ given by: m, = E/c? in Einstein’s light box. For simplicity, lets consider a photon that is
absorbed by a charged particlelike an electron at rest. The photon carries energy and isthusableto
do work. When the photon is absorbed by the electron with mass ‘m¢’, the electron recoils, because
there is a definite momentum transfer to the electron given by mgv, where v is the recoil velocity.
The electron momentum gained is equivalent to the effective photon momentum lost by the photon
myC. In other words, the electron momentum ‘meve’ received from the photon when the photon is
absor bed is equivalent to the momentum of the photon ‘m,c’, where m, is the effective photon mass.
If this electron later collides with another particle, the same momentum is transferred. The rest
mass of the photon is defined as zero. Thus, the effective photon mass is a measurable inertial mass.
Note: the recail of the light box is a backward acceleration of the box, which works against the
virtual particles of the quantum vacuum. Thus, when one claims that a photon has a real mass, we
arereally referring to the photon’s ability to impart momentum. This momentum can later do work
in a quantum vacuum inertial process.

Does the photon have an effective gravitational mass? By this we mean; doesit behave asif it carries
a measurable gravitational mass in a gravitational field like the earth (as given by E/c)? The
answer is yesl For example, when the photon moves parallel to the earth’s surface, it follows a
parabolic curve and deflects downwards. You might guess that this deflection is caused by the
graviton exchanges originating from the earth acting on this photon, and that this deflection is the
same as that inside an equivalent rocket accelerating at 1g. The amount of deflection is equivalent,
but according to Einstein thisis a direct result of the space-time curvature near the earth and in the
rocket. Our work on the equivalence principle has shown however, that thisis not true. The photon
deflection is caused by a different reason, but ends up giving the same result. In the rocket, the
deflection is simply caused by the accelerated motion of the rocket floor, which carries the observer
with it. This causes the observer to perceive a curved path (described as curved space-time). In a
gravitational field, however, the deflection of light is real, and caused by the scattering of photons
with the downward accelerating virtual particles. The photon scatters with the charged virtual
particles of the quantum vacuum, which are accelerating downwards (statistically). The photon
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moving parallel to the surface of the earth undergoes continual absorption and re-emission by the
falling virtual (electrically charged) particles of the quantum vacuum. The vacuum particles induce
a kind of ‘Fizeau-like' scattering of the photons (Note: this scattering is present in the rocket, but
does not lead to photon deflection because only the rocket and observer are accelerated). The
photons are scattered because of the electromagnetic interaction of the photons with the falling
charged virtual particles of the vacuum. Since the downward acceleration of the quantum vacuum
particles is the same as the up-wards acceleration of the floor of the rocket, the amount of photon
deflection is equivalent. Under the influence of a gravitational field, photons take on the same
downward component as the accelerating (charged) virtual particles of the vacuum. This, of cour se,
violates the constancy of the speed of light; which we will explore further in section 16. For now, one
should note that downwar d acceler ation component is picked up by the photons only during the time
the photons are absorbed by the quantum vacuum particles (and thus exist as charged virtual
particles). In between virtual particle scattering, the photon motion is still strictly Lorentz invariant,
and light velocity is still an absolute constant.

A similar line of reasoning as above applies to the motion of the graviton particle. The graviton has
inertial mass because like the photon, it can transmit a momentum to another particle when
absorbed in the graviton exchange process during a gravitational force interaction (although
consider ably weaker then photon exchanges). Like the photon, the graviton deflects when moving
parallel to the floor of the rocket (from the perspective of an observer on the floor) and therefore
hasinertial mass. The graviton also has a gravitational mass (like the photon) when it moves parallél
to the earth’s surface, where it deflects under the influence of a gravitational field. Again, the
graviton deflection is caused by the scattering of the graviton particle with the downward
acceleration of the virtual ‘mass-charged’ particles of the quantum vacuum through an identical
‘Fizeau-like' scattering process described above. Unlike the photon however, the scattering is caused
by the ‘mass charge interaction (or pure graviton exchanges) of the quantum vacuum virtual
particles, and not the electric charge as before. The end result is that the graviton has an effective
gravitational mass like the photon. Again a graviton does not exchange gravitons with another
nearby graviton, just asa photon does not exchange photons with other photons.

To summarize, both the photon and the graviton do not carry low level ‘mass charge’, even though
they both carry inertial and gravitational mass. The graviton exchange particle, although
responsible for a major part of the gravitational mass process, does not itself carry the property of
‘mass charge'. Contrast thisto conventional physics, where the photon and the graviton both carry a
non-zero mass given by M=E/C% According to this reasoning, the photon and the graviton both
carry mass (since they carry energy), and therefore both must have ‘mass charge’ and exchange
gravitons. In other words, the graviton particle not only participates in the exchange process, it also
undergoes further exchanges while it is being exchanged! This is the source of great difficulty for
canonical quantum gravity theories, and causes all sorts of mathematical renormalization problems
in the corresponding quantum field theory. Furthermore, in gravitational force interactions with
photons, the strength of the force (which depends on the number of gravitons exchanged with
photon) varies with the energy that the photon carries! In modern physics, we do not distinguish
between inertial, gravitational, or low level ‘mass charge’. They are assumed to be equivalent, and
given a generic name ‘mass. In EMQG, the photon and graviton carry measurable inertial and
gravitational mass, but neither particle carries the ‘low level mass charge’, and therefore do not
participatein graviton exchanges.

We must emphasize that gravitons do not interact with each other through force exchanges in
EMQG, just as photons do not interact with each other with force exchanges in QED. Imagine if
gravitons did interact with other gravitons. One might ask how it is possible for a graviton particle
(that always moves at the speed of light) to emit graviton particles that are also moving at the speed
of light. For one thing, this violates the principles of special relativity theory. Imagine two gravitons
moving in the same direction at the speed of light that are separated by a distance d, with the
leading graviton called ‘A’ and the lagging graviton called ‘B’. How can graviton ‘B’ emit another
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graviton (also moving at the speed of light) that gets absorbed by graviton ‘A’ moving at the speed of
light? As we have seen, these difficulties are resolved by realizing that there are actually three
different types of mass. There is measurable inertial mass and measurable gravitational mass, and
low level ‘mass charge’ that cannot be directly measured. Inertial and gravitational mass have
already been discussed and arise from different physical circumstances, but in most cases give
identical results. However, the ‘low level mass charge of a particle is defined simply as the force
existing between two identical particles due to the exchange of graviton particles only, which are the
vector bosons of the gravitational force. Low level mass chargeis not directly measur able, because of
the complications due to the electromagnetic forces simultaneoudy present from the quantum
vacuum virtual particles.

It would be interesting to speculate what the universe might be like if there were no quantum
vacuum virtual particles present. Bearing in mind that the graviton exchange process is almost
identical to the photon exchange process, and bearing in mind the complete absence of the
electromagnetic component in gravitational interactions, the universe would be a very strange place.
We would find that large masses would fall faster than smaller masses, just as a large positive
electric charge would ‘fall’ faster then a small positive charge towards a very large negative charge.
There would be no inertia as we know it, and basically no force would be required to accelerate or
stop a large mass.

The Masseon and Graviton Particlesand EMOG Quantum Field Theory

EMQG addresses gravitational force, inertia, and electromagnetic forces only, and the weak and
strong nuclear forces are excluded from consideration. EMQG is based on the idea that all
elementary matter particles must get their quantum mass numbers from combinations of just one
fundamental matter (and corresponding anti-matter particle), which has just one fixed unit or
guanta of mass which we call the ‘masseon’ particle. This fundamental particle generates a fixed
flux of gravitons that are exchanged during gravitational interactions. The exchange process is not
affected by the state of motion of the masseon (as you might expect from the special relativistic
variation of mass with velocity). We also pur pose that nature does not have two completely different
long-range for ces, e.g. gravity and electromagnetism. Instead, we believe that there exists an almost
perfect symmetry between the two forces, which is hidden from view because of the mixing of these
two forcesin all measurable gravitational interactions. In EMQG, the graviton and photon exchange
processisfound to be essentially the same, except for the strength of the for ce coupling (and a minor
difference in the treatment of positive and negative masses discussed later). EM QG treats graviton
exchanges by the same successful methods developed for the behavior of photons in QED. The
dimensionless coupling constant that governs the graviton exchange process is what we call ‘b* in
close analogy with the dimensionless coupling constant ‘a‘ in QED, whereb » 10® a.

As we stated, EMQG requires the existence of a new fundamental matter particle called the
‘masseon’ (and a corresponding ‘anti-masseon’ particle), which are held together by a new
unidentified strong force. Furthermore, EMQG requires that masseons and anti-masseons emit
gravitons analogous with the electrons and anti-electrons (positrons) which emit photons in QED.
Virtual masseons and anti-masseons are created in equal amounts in the quantum vacuum as virtual
particle pairs. A masseon gener ates a fixed flux of graviton particles with wave functions that induce
attraction when absorbed by another masseon or anti-masseon; and an anti-masseon generates a
fixed flux of graviton particleswith an opposite wave function (anti-gravitons) that induces repulsion
when absorbed by another masseon or anti-masseon. A graviton is its own anti-particle, just as a
photon is its own antiparticle. This process is similar to, but not identical to the photon exchange
processes in QED for electrons of opposite charge. In QED, an electron produces a fixed flux of
photon particles with wave functions that induce repulsion when absorbed by another electron, and
induces attraction when absorbed by a positron. A positron produces a fixed flux of photon particles
with wave functions that induce attraction when absorbed by another electron, and induces
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repulsion when absorbed by a positron. From this it can be seen that if two sufficiently large pieces
of anti-matter can be fabricated which are both electrically neutral, they will be found to repel each
other gravitationally! Thus, anti-matter can be thought of as literally ‘negative’ mass (-M), and
ther efore negative energy. This violates the equivalence principle, and we will say more about this
later.

These subtle differences in the exchange process in QED and EMQG produce some interesting
effects for gravitation that are not found in electromagnetism. For example, a large gravitational
mass like the earth does not produce vacuum polarization of virtual particles from the point of view
of ‘mass-charge’ (unlike electromagnetism). In gravitational fields, all the virtual masseon and anti-
masseon particles of the vacuum have a net average statistical acceleration directed downwards
towards a large mass. This produces a net downward accelerated flux of vacuum particles
(acceleration vectors only) that affects other massesimmersed in this flux.

In contrast to this, an electrically charged object does produce vacuum polarization. For example, a
negatively charged object will cause the positive and negative (electrically charged) virtual particles
to acceler ate towards and away, respectively from the negatively charged object. Therefore, thereis
no energy contribution to other real electrically charged test particles placed near the charged
object from the vacuum particles, because the eectrically charged vacuum particles contributes
equal amounts of force contributions from both the upward and downward directions. The electrical
for ces from the vacuum cancels out to zero.

In gravitational fields, the vacuum particles are responsible for the principle of equivalence,
precisely because of the lack of vacuum polarization due to gravitational fields. Recall that
‘masseon’ particles of EMQG are equivalent to the ‘parton’ particle concept that was introduced by
the authors of reference 5 in regards to HRP Quantum Inertia. Recall that the masseons and anti-
masseons also carry one quanta of electric charge of which there are two types, positive and
negative charges. For example, masseons come in positive and negative electric charge, and anti-
masseons also come in positive and negative charge. A single charged masseon particle accelerating
at 1g sees a certain fixed amount of inertial force generated by the virtual particles of the quantum
vacuum. In a gravitational field of 1g, a single charged masseon particle on the surface of the earth
sees the same quantum vacuum electromagnetic force. In other words, from the vantage point of a
masseon particle that makes up the total mass, the virtual particles of the quantum vacuum looks
exactly the same from the point of view of motion and forces whether it isin an inertial reference
frame or in a gravitational field. We propose a new universal constant “i” called the ‘inertion’,
which is defined as the inertial force produced by the action of virtual particles on a single (real
char ged) masseon particle undergoing a relative acceleration of 1 g. Thisforceisthe lowest possible
guanta of inertial mass. All other masses are fixed integer combinations of this number. This same
constant ‘i’ isalso the lowest possible quanta of gravitational force.

The electric charge that is carried by the electron, positron, quark and anti-quark originates from
combinations of masseons, which is the fundamental source of the electrical charge. This explains
why a fixed charge relationship exists between the quarks and the leptons, which belong to different
families in the standard model. For example, according to the standard model, 1 proton charge
precisely equals 1 electron charge (opposite polarity), where the proton is made of 3 quarks. This
precise equality arises from the fact that charged masseon particles are present in the internal
structure of both the quarks and the electrons (and every other mass particle).

The mathematical renormalization process is applied to particles to avoid infinities encountered in
Quantum Field Theory (QFT) calculations. Thisisjustified by postulating a high frequency cutoff of
the vacuum processesin the summation of the Feynman diagrams. Recall that QED is formulated on
the assumption that a perfect space-time continuum exists. In EMQG, a high frequency cutoff is
essential because space is quantized as ‘cells, specified by Cellular Automata (CA) theory. In CA
theory there is quantization of space in the form of cells. If particles are sufficiently close enough,

21



they completely lose their identity as particles in CA theory, and QFT does not apply at this scale.
Since graviton exchanges are almost identical to photon exchanges, we suspect that EMQG is also
renormalizable as is QED, with a high frequency cutoff as well. This has not been proven yet. The
reason that some current quantum gravity theories are not renormalizable boils down to the fact
that the graviton is assumed to be the only boson involved in gravitational interactions. The graviton
must therefore exhibit all the characteristics of the gravitational field, including space-time
curvature.

Should particles achieve very high densities by mutual attraction (as might exist in the center of a
black hole, for example), they might completely lose their identity as separate matter and force
particles. Here, the details of the universal cellular automata process would have to be known in
order to understand what is going on. EMQG does not address these extreme conditions of mass
concentration. EM QG works wher e inter actions involve particle densities low enough to sustain the
individual particle identity.

Past attempts at developing a quantum field theory of graviton exchanges have been unsuccessful.
One of the reasons for this is that the gravitational force was assumed to by caused by the pure
graviton exchange process. Yet, curved space-time must somehow emerge from this process. These
theories were doomed from the start because the graviton particle exchange alone was responsible
for general relativistic space-time curvature. In other words, the actual curvature of space-time that
gravitons are presumed to be traveling in are caused by the gravitons themselves! When thisis done,
the results lead to infinities, to mathematical problems, and to a coupling constant that is not
dimensionless as it is for photons. Furthermore, the nature of the long-range gravitational force
becomes completely different to the (only) other long-range force we know, the electromagnetic
force. Instead of this, EMQG treats gravitation interactions by both the photon exchange and
graviton exchange processes, which are simultaneously occurring between the particles of ordinary
matter and the surrounding virtual particles of the quantum vacuum.

GravitoElectric and GravitoM agnetic Fields

In EMQG, the photon exchange and graviton exchange process is virtually identical in its basic
nature, which shows the great symmetry between these two forces. As a byproduct of this, the
guantum vacuum becomes ‘neutral’ in terms of gravitational ‘mass charge’, as the quantum vacuum
is known to be neutral with respect to electric charge. Thisis dueto an equal number of positive and
negative electrical charged virtual particles and ‘gravitational charged’ virtual particles created in
the quantum vacuum at any given time. This in turn is due to the symmetrical masseon and anti-
masseon pair creation process. (EMQG does not resolve the problem of why the universe was
created with an apparent imbalance of real ordinary matter and anti-matter mass particles.)

It isknown that in the context of general relativistic theory (which is somewhat similar to Maxwell’s
field theory of electromagnetism, ignoring curvature of space-time for now) that gravitational fields
have what Kip Thorne calls the *gravitoelectrical’ and the ‘gravitomagnetic’ components (ref. 8)
which arise out of Einstein’sfield equations. We take the existence of these fields as further evidence
for the similarity between electric and magnetic fields and the gravitoelectric and gravitomagnetic
fields, which originate from the similarities of the photon and graviton particle exchanges (except
for coupling strength). This evidence supports the view that nature has two long range forces,
electromagnetism and gravity that operate in virtually the same way. The gravitomagnetic force
component is far weaker than the observable gravitoelectric force (which corresponds to the
ordinary force of gravity), because this force is produced by pure graviton exchange process only.
The gravitoelectric force is mixed up with the strong electrically charged component of all
gravitational processes, and therefore not directly observable. If there were a complete absence of
virtual particles, there would be no equivalence principle for masses. Since the electrical force from
the virtual particles of the quantum vacuum exceeds the pure gravitational forces, the gravitoelectric
force component (also caused by pure graviton exchanges only) is completely disguised and hard to
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observe. The ordinary measurable force of gravity we perceive everyday is dominated by the
electromagnetic forces from the charged virtual particles of the quantum vacuum which equalizes
thefall rate of all masses.

The Resolution of the Cosmological Constant Problem

EM QG solves the famous problem of the Einstein’s cosmological constant, which was a term that he
added to his gravitational field equations to make the universe remain in the steady state or non-
expanding state as was believed in his time. Einstein later abandoned this constant when the
astronomer Hubble discovered by astronomical observation that the universe is actually expanding.
The cosmological constant can be thought of as the measure of the mass-ener gy density contained in
empty space alone, which would of course be represented by the quantum vacuum virtual particles.
In EMQG, the cosmological constant is essentially zero simply because of the existence of virtual
masseon and anti-masseon particles in the quantum vacuum! The virtual masseon particles must be
produced in the vacuum in symmetrical matter and anti-matter masseon pairs according to the
principles of quantum field theory. The virtual masseons pairs are oppositely charged in both
gravitational ‘mass charge’ and electrical charge. Approximately equal numbers of positive and
negative electrical charge and gravitational mass charge masseons are present in the vacuum at any
given time. The symmetrical combination of positive and negative mass-energy yields a net
contribution of zero from the quantum vacuum, which is the solution to the cosmological constant
problem. It istrivial to notethat the electric charge of the vacuum is neutral asa whole.

To sum up, the gravitation force is now described at the quantum level as arising from ordinary
matter (particles) moving primarily under the immediate electr omagnetic influence of the distorted
guantum vacuum particles (masseons). The distortion of the quantum vacuum means an unequal
distribution of acceleration vectors of the surrounding virtual masseons and anti-masseons particles
from place to place near the massive object. This distortion originates from graviton exchanges
between masseons in the massive object and the surrounding virtual masseon and anti-masseon
particles that constitute the quantum vacuum. On the earth, this causes a simple net accelerated
(statistical average) ‘stream’ of virtual masseons and anti-masseons particles moving towards the
earth’s center along their radius vectors ‘r’ (where the net average acceleration vector ‘a’ of a
virtual particleisgiven by: a = GM/r? where ‘G’ isthe Newtonian Universal Gravitation constant,
and ‘M’ is the mass of the earth). Of course, the flowing stream analogy is to help visualize this
process, but in actual fact the virtual masseons are short lived, and are constantly replaced by newly
created virtual masseons, endlessly.

NOTE: Strictly speaking, absolute CA space and time units must be used for distance and time
measur ements (of r and a).

This distortion of the acceleration vectors of the quantum vacuum ‘stream’ serves as an effective
‘electromagnetic guide’ for the motion of nearby test masses (themselves consisting of masseons)
through space and time. This ‘electromagnetic guide’ concept replaces the 4D space-time geodesics
(which is the path that light takes through curved 4D space-time) that guide light and matter in
motion. Because the quantum vacuum virtual particle density is quite high, but not infinite (at least
about 10% particlesm®), the quantum vacuum acts as a very effective and energetic guide for the
motion of light and matter.

Introduction to EM QG Space-Time Curvature

The physicist A. Wheeler once said that: “ space-time geometry ‘tellS mass-energy how to move, and
mass-energy ‘tells’ space-time geometry how to curve’. In EMQG, this statement must be somewhat
revised on the quantum particle level to read: large mass-energy concentrations (consisting of
guantum particles) exchanges gravitons with the immediate surrounding virtual particles of the
guantum vacuum, causing a downward acceleration (of the net statistical average acceleration
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vectors) of the quantum vacuum particles. This downward acceleration of the virtual particles of the
guantum vacuum ‘tells’ a nearby test mass (also consisting of real quantum particles) how to move
electromagnetically, by the exchange of photons between the electrically charged, and falling virtual
particles of the quantum vacuum and the electrical charged, real particlesinside the test mass. This
new view of gravity is totally based on the ideas of quantum field theory, and thus acknowledging
the true particle natur e of both matter and forces. It is also shows how nature is non-geometric when
examined on the smallest of distance scales, where Riemann geometry is now replaced solely by the
interactions of quantum particles existing on a kind of quantized 3D space and separ ate time on the
CA.

Since this downward accelerated stream of charged virtual particles also affects light or real
photons and the motion of real matter (for example, matter making up a clock), the concept of
space-time must be revised. For example, a light beam moving parallel to the surface of the earth is
affected by the downward acceleration of charged virtual particles (electromagnetically), and moves
in a curved path. Since light is at the foundation of the measurement process as Einstein showed in
special relativity, the concept of space-time must also be affected near the earth by this accelerated
‘stream’ of virtual particles. Nothing escapes this ‘flow’, and one can imagine that not even a clock
is expected to keep the same time as it would in far space. As a result, a radically new picture of
Einstein’s curved space-time concept arises from these considerationsin EM QG.

The variation of the value of the net statistical average (directional) acceleration vector of the
guantum vacuum particles from point to point in space (with respect to the center of a massive
object) guides the motion of nearby test masses and the motion of light through electromagnetic
means. This process leads to the 4D space-time metric curvature concept of general relativity. With
this new viewpoint, it is now easy to understand how one can switch between accelerated and
gravitational reference frames. Gravity can be made to cancel out inside a free falling frame
(technically at a point) above the earth because we are ssimply taking on the same net acceleration as
the virtual particles at that point. In this scenario, the falling reference frame creates the same
guantum vacuum particle background environment as found in an non-accelerated frame, far from
all gravitational fields. As a result, light travelsin perfectly straight lines when viewed by a falling
observer, as specified by special relativity. Thus, in the falling reference frame, a mass ‘feels no
force or curvature as it would in empty space, and light travels in straight lines (defined as ‘flat’
space-time). Thus, the mystery as to why different reference frames produce different space-time
curvatureis solved in EMQG. It isinteresting that in an accelerated rocket, space-time curvatureis
also present, but is now caused by another mechanism; the accelerated motion of the floor of the
rocket itself. In other words, the space-time curvature, manifesting itself as the path of curved light,
is really caused by the accelerated motion of the observer! The observer (now in a state of
acceleration with respect to the vacuum), ‘sees’ the accelerated virtual particle motion in his frame.
Furthermore, the motion appearsto him to be almost exactly the same asif he werein an equivalent
gravitational field. This is why the space-time curvature appears the same in both a gravitational
field and an equivalent accelerated frame. These differences between accelerated and gravitational
frames imply that equivalence is not a basic element of reality, but merely a result of different
physical processes, which happen to give the sameresults. In fact, equivalenceis not perfect!

We have seen that besides the electromagnetic force exchange, there is another force exchange
component involved in gravitational interaction. This is the direct graviton exchange between the
test mass itself and a massive object. Although negligible when compared to the electromagnetic
component, its presence is still felt. This causes a tiny deviation of the principle of equivalence,
which is not found in general relativity theory. If a large and small test mass is dropped
simultaneously near a massive object, the larger test mass will arrive dightly earlier due to the
greater number of gravitons exchanged there. Thisimbalance in the forces on the two masses upsets
perfect equivalence. However, because of the ratio of the electromagnetic to gravitational force
strength is on the order of 10*° | the difference in arrival time is absolutely negligible for ordinary
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test mass combinations dropped on the earth. This imbalance of equivalence might be measured
experimentally.

According to EMQG, all metric theories of gravity, including general relativity, have a limited
range of application. These theories are useful only when a sufficient mass is available to
significantly distort the virtual particle motion surrounding the mass, and only where the
electromagnetic inter actions dominates over the graviton processes (or wherethe graviton flux is not
too large). For precise calculation of gravitational force interactions of small masses, EMQG
requires that the gravitational interaction be calculated by adding the specific Feynman diagrams
for both photon and graviton exchanges. Thus, the use of the general relativistic Schwarzchild
Metric for spherical bodies (even if modified by including the uncertainty principle) istotally useless
for under standing the gravitational interactions of elementary particles. The whole concept of space-
time ‘foam’ isincorrect according to EMQG, along with all the causality problems associated with
this complex mathematical concept.

Space-Time Curvatur e as a Pure Quantum Vacuum Particle Process

4D Minkowski curved space-time takes on a radically new meaning in EMQG, and is no longer a
basic physical element of our reality. Instead, it is merely the result of quantum particle interactions
alone. The curved space-time of general relativity arises strictly out of the interactions between the
falling virtual particles of the quantum vacuum near a massive object and a nearby test mass. The
effect of the falling quantum vacuum acts somewhat like a special kind of “ Fizeau-Fluid” or media,
that affects the propagation of light; and also effects clocks, rulers, and measuring instruments.
Fizeau demonstrated in the middle 1850's that moving water varies the velocity of light propagating
through it. This effect was analyzed mathematically by Lorentz. He used his newly developed
microscopic theory for the propagation of light in matter to study how photons move in a flowing
stream of transparent fluid. He reasoned that photons would change velocity by frequent scattering
with the molecules of the water, where the photons are absorbed and later remitted after a small
time delay. This concept is discussed in detail in section 16. If Einstein himself had known about the
existence of the quantum vacuum when he was developing general relativity theory, he may have
deduced that space-time curvature was caused by the “accelerated quantum vacuum fluid”. He was
awar e of the work by Fizeau, but was unaware of the existence of the quantum vacuum. After all,
Einstein certainly realized that clocks were not expected to keep time correctly when immersed in
an accelerated stream of water! We show mathematically in this paper that the quantity of space-
time curvature near a spherical object predicted by the Schwar zchild metric isidentical to the value
given by the ‘Fizeau-like’' scattering processin EMQG.

In EMQG, anywhere we find accelerated vacuum disturbance, there follows a corresponding space-
time distortion (including gravitational waves). We have seen that both accelerated and
gravitational frames qualify for the status of curved 4D space-time (although caused by different
physical circumstances). We have found that in EM QG there exists two, separ ate but related space-
time coordinate systems. First, thereisthe familiar global four dimensional relativistic space-time of
Minkowski, as defined by our measuring instruments, and is designated by the x,y,zt in Cartesian
coordinates. The amount of 4D space-time curvature is influenced by accelerated frames and by
gravitational frames, which isthe cause of the acceler ated state of the quantum vacuum.

Secondly there is a kind of a quantized absolute space, and separate time as required by cellular
automata theory. Absolute space consists of an array of numbersor cells C(x,y,z) that changes state
after every new clock operation Dt. C(x,y,z) acts like the absolute three dimensional pre-relativistic
space, with a separ ate absolute time that acts to evolve the numerical state of the cellular automata.
The CA space (and separ ate time) is not effected by any physical interactions or directly accessible
through any measuring instruments, and currently remains a postulate of EM QG. Note that EM QG
absolute space does not correspond to Newton's idea of absolute space. Newton postulated the

25



existence of absolute space in his work on inertia. He realized that absolute space was required in
order to resolve the puzzle of what reference frame nature uses to gauge accelerated motion. In
EMQG, this reference frame is not the absolute quantized cell space (which is unobservable), but
instead consists of the net average state of acceleration of the virtual particles of the quantum
vacuum with respect to matter (particles). A very important consequence of the existence of absolute
guantized space and quantized time (required by cellular automata theory) is the fact that our
univer se must have a maximum speed limit!

Mach's Principle and EM QG

The problem of accelerated motion introduced in Mach’s principle has been resolved by the work of
ref. 5 on the quantum origins of inertia. Mach’s principleis a loose collection of ideas and paradoxes
concerning the problem of what reference frame nature uses to judge accelerated (or rotating)
motion. Their work replaces Newton's concept of absolute space with a kind of new universal
reference frame, originated by the quantum vacuum particles, for accelerated motions only. The
vacuum particles themselves serve as Mach’s universal reference frame for acceleration, but without
violating the principle of relativity. Matter actually ‘knows when their should be a for ce associated
with acceleration because it’s ‘instructions come from the state of the local virtual particles of the
guantum vacuum itself. In other words, the forces experienced in matter (particles) actually
originates from the state of relative acceleration with respect to the (net average) acceleration of the
local virtual particles of the quantum vacuum, and this determines the quantity of the associated
force. For uniform non-accelerated (constant velocity) motions, there is no preferred reference
frame as given by Einstein’s Special Relativity, because the quantum vacuum imparts no directed
force on ordinary matter in uniform motion, in any direction, or at any speed. It is interesting to
note that the cosmic distribution of all the other masses in the universe out there, ultimately
contributes to the state of acceleration of the local vacuum here, by the long range gravitational
force or graviton exchanges. Thus, Mach was absolutely right to suspect that cosmic distribution of
all the matter in the universe affects the local accelerated or rotating motions in our own
neighbor hood!

EM QG and the Physics of Gravitational Waves

The physics of gravitational waves (GW) in EMQG is definitely not the same as the physics of
electromagnetic waves described by QED. For a periodically accelerating large mass (or masses),
the fluctuating graviton flux is responsible for the periodic disturbance in the net acceleration of the
guantum vacuum particles in the immediate vicinity, which will affect another test mass. For
example, a close pair of relativistic neutron starsin orbit would both periodically disturb the state of
the virtual particles of the quantum vacuum through periodically fluctuating graviton exchanges.
Thus, the outward propagating GW isreally a time varying periodic increase and decreases in the
net acceleration of the virtual particle acceleration vectors with respect to the neutron stars. Once
the GW is started, however, it is self sustaining throughout space (as is electromagnetic radiation).
The reason that it is self-sustaining is due to the local electromagnetic vacuum process. The strong
electromagnetic component in the GW is the gravitational waves primary means of acting upon
other masses. The GW periodic excitation propagates electromagnetically because the quantum
virtual particles are constantly redistributing their acceleration vector imbalance among each other
via photon exchanges, as the GW travels outward. It is known in the context of general relativity
theory that the GW’s have a very large stiffness (in analogy with Hooke's law, ref. 16), and thus a
large energy density. This fact follows from Einstein’s Gravitational Field equations. This is easily
explained in EMQG as arising from the very large energy density of the vacuum disturbance itself.
Thevirtual particles of the quantum vacuum have a lar ge particle density that is very roughly on the
order of 10% particles per cubic meter (Plank length cubed presents a rough upper limit to the
particle density per cubic meter on a CA, but the exact value is not known). Because of this, the
fluctuating quantum vacuum disturbance (GW) carries a large energy density, and is quite capable
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of explaining the stiffness of the GW wave. In fact, the GW is capable of vibrating a large aluminum
cylinder after traveling hundreds of light yearsin distance.

Emag and the Lense-Thirring Effect

We now apply the principles of EMQG to calculate the amount of inertial frame dragging (Lense-
Thirring effect) on the earth. The Lense-Thirring effect is a tiny perturbation of the orbit of a
particle caused by the spin of the attracting body, first calculated by the physicists J. Lense and H.
Thirring in 1918 using general relativity (ref. 25). Einstein’s general relativity predicts the
perturbation in the vicinity of the spinning body, but the effect has not been accurately verified
experimentally. However, recent work in ref. 26 using the LAGEOS and LAGEOS 11 earth orbiting
satellites has rendered an unconfirmed experimental value that agrees with theory to an accuracy of
about 20 %. The Lense-Thirring effect has also been interpreted as being due to gravitomagnetic
fields (section 19.2), and also tied in with Mach’s principle (ref. 27). It is hoped that with the launch
of the Gravity Probe B (co-developed by Stanford University) by NASA the Lense-Thirring effect
will be measured to an unprecedented accuracy of 1% or better. The Gravity Probe B (there was a
different Gravity Probe A launched earlier by NASA) is a drag free satellite carry an four ultra-
precise gyroscopes that will be put in a polar orbit around the earth at a height of about 400 miles
(ref. 28).

An important consequence of the Lense-Thirring effect is that the orbital period of a test mass
around the earth depends on the direction of the orbit! A test mass that has an orbit which revolves
around the earth in the same direction of the spin rotation would be longer then the orbital period of
the same test mass revolving opposite to the direction of the spin of the earth. The difference in the
orbital period of the two test masses becomes smaller with increasing height until it disappears when
the orbits are at infinity. The Lense-Thirring effect can also be be thought of as a kind of ‘a
dragging of inertial frames first named by Einstein himself. The Lense-Thirring effect for a
rotating mass is most pronounced as the angular velocity of the rotating mass increases. The basic
reason for inertial frame dragging is the finite speed of propagation of the graviton particle (the
speed of light). Thisallowstime for alarge rapidly spinning massto rotate a small amount while the
graviton is still in flight as it propagates outwards. The finite velocity of the graviton particle along
with the downward GM/R? acceleration component of the charged virtual particles of the quantum
vacuum is entirely responsible for inertial frame dragging.

We now examine inertial frame dragging for a weak gravitational field such asthe earth (the strong
field inertial frame dragging is a very formidable problem in EMQG). Gravitons are emitted in
huge numbers from the earth. Since we know that gravitons are physically very similar to photons,
we can predict the characteristics of this graviton flux. The graviton flux can be visualized as being
the same as a rotating flashlight emitting light outwards as it rotates. Since the velocity of the source
does not effect the velocity of light, we conclude that the velocity of the spinning earth does not affect
the motion of the gravitons. (However, gravitons are affected by the state of accelerated motion of
the virtual particles, because gravitons do scatter with the virtual masseon particles of the quantum
vacuum. This scattering is small for a mass the size of the earth, but for an object with a very strong
gravitational field that isrotating at relativistic speeds, the calculation of the Lense-Thirring effect
isan extremely difficult problem in EMQG).

As the gravitons propagate outward, they encounter virtual masseon particles in the quantum
vacuum. Since masseons posses ‘mass-charge’, the vacuum is accelerated down. The virtual
masseons ar e therefore accelerated in the same direction of the mation of the graviton particle flux.
The magnitude of the acceleration depends on the graviton flux at a point ‘r’ from the center, and is
given by GM/r2. If a test mass (composed of real eectrically charged masseon particles) is dropped
onto the surface of the earth, the electromagnetic inter actions between the real masseons of the mass
and the virtual masseons causes the test mass to accelerate downwards at 1g in the direction of the
graviton flux. Thus, from the perspective of an external observer, the mass falls along the radius
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vectors. The observer on the surface of the equator ‘sees the graviton flux leaving the equator in
curved paths heiscarried along with the earth’srotation. From his frame of reference the gravitons
appear to curve, and the aver age acceleration vector of the virtual particles follows this same curved
path, with the acceleration vectors increasing in magnitude the closer to the center. These curved
paths also represent the path of light that light will take if it propagates straight up (in other words,
geodesic paths). In absolute CA units, the light velocity varies upwards (or downwar ds) along these
curved paths due to the Fizeau-like scattering with the quantum vacuum, and thus these paths
represent the direction of the 4D space-time curvature. These paths are deflected when compared to
the non-rotating earth.

The equation of the outward propagating graviton curve (in the equatorial plain) for a clockwise
rotating earth turns out to be Archimedes Spiral, and takes the form r = kq in polar coordinates,
wherek isa constant (r isthe distance that the graviton travels). The constant k depends only on the
velocity of the graviton ‘c’ and the velocity v = 2pR/T, of the earth’s rotation, where T, is the
rotation period of the earth and R isthe earth’s radius, and the timet of transit. If k is small then
the spiral has a high curvature, and if k is large the curvature is small. The ratio ‘c/v’ determines
the value of the spiral constant k. If c were to be very large, then k >> 1 which causes the gravitons
to ‘unwind’ dowly; and if v were to be very large, then k << 1 which causes the gravitons to
‘unwind’ rapidly.

Based on these consider ations, the equation for the spiral is:
r=c’qi2pv  wherev=2pR/T,,andq=2ptvic

Let us calculate the shape of the spiral for the observer A on the earth. The earth hasaradiusR =
6.37x10° meters, and a rotation period Tp = 24 hours. Therefore, the v = 463 m/sec. The equation of
the spiral for the earth is: r = 103,176 cq. We wish to solve for the angle q at the earth’s surface,
where r = 6.37x10° meters. Therefore: q = 2.05x10" radians = 42.5 milli-arcseconds. This agrees
well with the standard prediction based on general relativity (ref. 28). However, the result is much
easier to derive and visualize with EM QG than with general relativity theory. This angle represents
the deflection of the downward accelerating virtual particles of the quantum vacuum with respect to
the non-rotating earth. Furthermore, the deflection angle varies with height (along a spiral path)
which causesinertial frame dragging.

Experimental Verification of EMQG Theory

EMQG proposes several new experimental tests that give results that are different from the
conventional general relativistic physics, and can be used to verify the theory.

(1) EMQG opens up a new field of physics, which we call anti-matter gravitational physics. We
propose that if two sufficiently large pieces of anti-matter are manufactured to allow measurement
of the mutual gravitational interaction (with a torsion balance apparatus for example), then the
gravitational force will be found to be repulsive! The force will be equal in magnitude to -GM?/r?
where M is the mass of each of the anti-matter masses, r is their mutual separation, and G is
Newton’s gravitational constant). Thisisin clear violation of the principle of equivalence, since in
thiscase, M; = - Mg, instead of being strictly equal. Antimatter that is accelerated in far space has
the same inertial mass ‘M;’ as ordinary matter, but when interacting gravitationally with another
antimatter mass it is repelled (Mg). Note: The earth will attract bulk anti-matter because of the
large abundance of gravitons originating from the earth of the type that induce attraction. This
means that no violation of equivalence is expected for anti-matter dropped on the earth, wher e anti-
matter falls normally. However, an antimatter earth will repel a nearby antimatter mass. Recent
attempts at measuring earth’s gravitational force on anti-matter (e.g. anti-protons) will not reveal
any deviation from equivalence, according to EMQG. However, if there were two large identical
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masses of matter and anti-matter close to each other, there would be no gravitational force existing
between them because of the balance of “positive and negative” masses, eg. equal numbers of
gravitons that induce attraction and repulsion. This gravitational system is considered
gravitationally ‘neutral’, asisthe quantum vacuum, which is also gravitationally neutral.

(2) For an extremely large test mass and a very small test massthat is dropped simultaneously on the
earth (in a vacuum), there will be an extremely small difference in the arrival time of the masses on
the surface of the earth in dight violation of the principle of equivalence. This tiny deviation from
perfect equivalence is called the ‘Ostoma-Trushyk effect’. This effect is on the order of » DN x d,
where DN is the difference in the number of masseon particles in the two masses, and d is the ratio
of the gravitational to electric forcesfor one masseon. This experiment isvery difficult to perform on
the earth, because d is extremely small (»10“°), and DN cannot be made sufficiently large. To
achieve a difference of DN =10% masseons particles between the small and large mass requires
dropping a molecular-sized cluster and a large military tank simultaneously in the vacuum in order
to give a measurable deviation. Note: For ordinary objects that might seem to have a large enough
difference in mass (like dropping a feather and a tank), the difference in arrival time may be
obscured by background interference, or by quantum effects like the Heisenberg uncertainty
principle which restrict the accuracy of time measur ements.

(3) If gravitons can be detected by the invention of a graviton detector/counter in the far future, then
there will be experimental proof for the violation of the strong principle of equivalence. The strong
equivalence principle states that all the laws of physics are the same for an observer situated on the
surface of the earth as it is for an accelerated observer at 1 g. The graviton detector will find a
tremendous difference in the graviton count in these two cases. This is because gravitons are vastly
mor e numerous here on the earth. Thus, this detector can distinguish between an inertial frame and
a gravitational framein violation of the strong equivalence principle.

(4) Since mass has a strong electromagnetic force component, mass measur ements near the earth
might be disrupted experimentally by manipulating some of the electrically charged virtual particles
of the nearby quantum vacuum through electromagnetic means. If a rapidly fluctuating magnetic
field (or rotating magnetic field) is produced under a mass it might effect the instantaneous char ged
virtual particle spectrum, and disrupt thetiny inertial forcesfor each masseon of the mass. This may
reduce the measured gravitational (and inertial masses) of an object in the vicinity. In a sense, this
device would act like a primitive and weak “anti-gravity” machine. The virtual particles are
constantly being “turned-over” in the vacuum at different rates, with the high frequency virtual
particles (and therefore, the high-energy virtual particles) being replaced the quickest. If a magnetic
field is made to fluctuate fast enough so that it does not allow the new virtual particle pairs to
replace the old and smooth out the disruption, the spectrum of the virtual particles will be altered.
According to conventional physics, the energy density of virtual particles is infinite, which means
that all frequencies of virtual particles are present. In EMQG there is an upper cut-off to the
frequency, and therefore the highest energy according to the Plank’s law: E=hu, where u is the
frequency that a virtual particle can have. We can state that the smallest wavelength that a virtual
particle can have is about 10 meters, e.g. the plank wavelength (or a corresponding maximum
Plank frequency of about 10* hertz for very high velocity (»c) virtual particles). Unfortunately for
our “anti-gravity” device, it is technologically impossible to disrupt the highest frequencies.
According to the uncertainty principle, the relationship between energy and time is: DE x Dt > h.
This means that the high frequency end of the spectrum consists of virtual particles that “turns-
over” the fastest. To give maximum disruption to a significant percentage of the high frequency
virtual particles requires magnetic fluctuations on the order of at least 10° cycles per seconds.
Therefore, only lower frequencies virtual particles of the vacuum can be practically affected, and
only small changes in the measured mass can be expected with today’s technology. As a result of
this, a relationship should exist between the amount of gravitational (or inertial) mass loss and the
frequency of electromagnetic fluctuation or disruption. The higher the frequency the greater the
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mass loss. Recent work on the Quantum Hall Effect by Laughlin (ref. 29) on fractional electron
charge suggests that under the influence of a strong magnetic field, electrons might move in concert
with swirling vortices created in the 2D electron gas. This leads to the possibility that this
‘whirlpool’ phenomena holds for the virtual particles of the quantum vacuum under the influence of
a strongly fluctuating magnetic field. These high-speed whirlpools might disrupt the high frequency
end of the distribution of electrically charged virtual particles in small pockets. Therefore, there
might be a greater mass loss under these circumstances (idea this is very speculative at this time).
Recent experiments on mass reduction with rapidly rotating magnetic fields are inconclusive.
Reference 30 gives an excellent and detailed review of the various experiments on reducing the
gravitational force with superconducting magnets.
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1. INTRODUCTION

“ 1t always bothers me that, according to the laws as we understand them today, it takes a computing
machine an infinite number of logical operations to figure out what goes on in no matter how tiny a
region of space and no matter how tiny a region of time. .... why should it take an infinite amount of
logic to figure out what one tiny piece of space-time is going to do?”

- Richard Feynman

“Truth ismuch to complicated to allow anything but approximations.”
- John Von Neumann

Quantum Gravity is defined as the unification of quantum field theory with Einstein’s
general relativity theory. It should describe the behavior of gravitational forces at quantum
distance scales, in enormous gravitational fields, and for cosmological distance scales.

Various attempts at this unification have not been completely successful in the past,
because these theories do not grasp the true nature of inertia, or the hidden physical
processes behind Einstein’s principle of equivaence. In developing a theory of quantum
gravity, one might ask which of the existing approaches to quantum gravity is more
relevant or fundamental, quantum field theory or Einstein’s theory of general relativity?
Currently, it seems that both of these theories are not compatible with each other.

Based on a postulate that the universe operates like a Cellular Automata (CA) compulter,
we assume that quantum field theory is in closer touch to the actual workings of the
universe. General relativity is taken as a global classical description of space-time, gravity
and matter. General relativity reveals the large-scale patterns and organizing principles that
arise from the hidden quantum processes existing on the tiniest distance scales. Quantum
field theory reveals to us that forces originate from a quantum particle exchange process,
which transfers momentum from one quantum particle to another. The exchange process
is universal, and applies to electromagnetic, weak and strong nuclear forces, and also for
gravitational force, as we shall see. The generic name given to the force exchange particles
is the ‘vector boson’.

We have developed a quantum theory of gravity called ElectroMagnetic Quantum Gravity
(or EMQQG) that is manifestly compatible with a Cellular Automata computer model,
which describes gravity as a pure particle exchange process. We will be dealing with the
photon (the exchange particle for electromagnetic force) and the graviton (the exchange
particle for the pure gravitational force). What is unique about EMQG is that gravitation
involves both the photon and graviton exchange particles, where the photon plays a very
important role! In fact, the photon exchange process is responsible for the principle of
equivalence.

In order to formulate a theory of quantum gravity, a mechanism must be found that

produces the gravitational force, while somehow linking to the principle of equivalence of
inertial and gravitational mass. In addition, this mechanism should naturally lead to 4D
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space-time curvature and should be compatible with the principles of general relativity
theory. Nature has another long-range force called electromagnetism, which has been
described successfully by the principles of quantum field theory. This well-known theory is
cadled Quantum ElectroDynamics (QED), and this theory has been tested for
electromagnetic phenomena to an unprecedented accuracy. It is therefore reasonable to
assume that gravitational force should be a similar process, since gravitation is aso along-
range force like electromagnetism. However, a few obstacles lie in the way, which
complicate this line of reasoning.

First, gravitational force is observed to be always attractive! In QED, electrical forces are
atractive and repulsive. As a result of this, there are an equa number of positive and
negative charged virtual particles in the quantum vacuum (section 15.4) at any given time
because virtual particles are always created in equal and opposite charged particle pairs.
Thus, there is a balance of attractive and repulsive forces in the quantum vacuum, and the
guantum vacuum is electricaly neutral, overal. If this were not the case, the virtual
charged particles of one charge type in the vacuum would dominate over all other physical
interactions.

Secondly, QED is formulated in a relativistic, flat 4D space-time with no curvature. In
QED, €dlectrical charge is defined as the fixed rate of emission of photons (strictly
speaking, the fixed probability of emitting a photon) from a given charged particle.
Electromagnetic forces are caused by the exchange of photons, which propagate between
the charged particles. The photons transfer momentum from the source charge to the
destination charge, and travel in flat 4D space-time (assuming no gravity). From these
basic considerations, a successful theory of quantum gravity should have an exchange
particle (graviton), which is emitted from a mass particle at a fixed rate as in QED. The
‘mass charge’ or just plain mass replaces the idea of electrical charge in QED, and the
graviton momentum exchanges are now the root cause of gravitationa force. Yet, the
graviton exchanges must somehow produce disturbances of the normally flat space and
time, when originating from avery large mass.

Since mass is known to vary with velocity (specia relativity), one might expect that ‘ mass
charge’ must also vary with velocity. However, in QED the electromagnetic force
exchange process is governed by a fixed, universal constant (a) which is not affected by
anything like motion (more will be said about this point later). Should this not be true for
graviton exchange in quantum gravity as well? It is also strange that gravity, which is aso
along-range force, is governed by same form of mathematical law as found in Coulomb’s
Electrical Force law. Coulomb’s Electric Force law states: F = KQ:Q./R? , and Newton's
Gravitationa Force law: F=GM1M,/R?. This suggests that there is a deep connection
between gravity and electromagnetism. Yet, gravity supposedly has no counterpart to
negative electrical charge. Thus, there seems to be no such thing as negative ‘ mass charge’
for gravity, as we find for electrical charge. Furthermore, QED aso has no analogous
phenomena as the principle of equivalence. Why should gravity be connected with the
principle of equivalence, and thus inertia, and yet no analogy of this exists for
electromagnetic phenomena?
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To answer the question of negative ‘mass charge’, EMQG postulates the existence of
negative ‘mass charge’ for gravity, in close analogy to electromagnetism. Furthermore, we
clam that this property of matter is possessed by al anti-particles that carry mass.
Therefore anti-particles, which are opposite in electrical charge to ordinary particles, are
also opposite in ‘mass charge’. In fact, negative ‘mass charge’ is not only abundant in
nature, it comprises nearly half of all the mass particles (in the form of ‘virtual’ particles)
in the universe! The other half exists as positive ‘mass charge’, aso in the form of virtual
particles. Furthermore, all familiar ordinary (real) matter comprises only a vanishing small
fraction of the total ‘mass charge’ in the universel Rea anti-matter seems to be very
scarce in nature, and no search for it in the cosmos has revealed anything to date.

Both positive and negative ‘mass charge’ appear in huge numbers in the form of virtua
particles, which quickly pop in and out of existence in the quantum vacuum (section 15.4),
everywhere in empty space. We will see that the existence of negative ‘mass charge’ isthe
key to the solution to the famous problem of the cosmological constant (section. 15.5),
which is one of the great unresolved mysteries of modern physics. Finally, we propose that
the negative energy or the antimatter solution of the famous Dirac equation of quantum
field theory is also the negative ‘mass charge’ solution.

The question raised above regarding the principle of equivalence is much more difficult to
answer. The principle of equivalence is one of the founding postulates of general relativity
theory. Stated in a weaker form; objects of different mass fall at the same rate of
acceleration in a uniform gravity field. Alternatively, it means that the inertial mass (mass
defined by Newton's law of motion: m = F/g) is exactly equal to the gravitational mass
(mass defined by Newton's universal gravitational law my = (Fy r* ) / (GM) ). The
equivalence principle requires that m; = myg. Why two such different physical definitions for
these two mass types should give the same numerical result has remained a deep and
unsolved mystery in modern physics, and deserves an explanation. This paper provides a
solution to this difficult question, and is aso an invitation to explore a new approach
towards a full theory of quantum gravity. EQMG is based on a new understanding of both
inertia and the principle of equivalence, which exists on the quantum particle level and is
hidden from view.

Conventional wisdom in physics assumes that the principle of equivalence is exact, and
somehow reflects a fundamental aspect of nature. It is assumed to be applicable under any
physical circumstance. It is believed to hold true at the elementary particle level, and under
enormously large gravitational fields such as neutron stars. As a consequence, Einstein’s
genera relativity theory is also assumed to hold true under any physical condition.
Unification attempts have focused on direct quantization of Einstein’s gravitational field
equations, which is supposed to apply at al distance scaes and under al gravitational
conditions. This assumption, along with the general principles of quantum mechanics,
leads directly to the existence of the so called “space-time quantum foam”, that results
from the application of Schwarzschild Metric for matter particles on the quantum scale. As
the distance r ---> 0 for a quantum particle, the space-time curvature approaches infinity
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and becomes dynamic or ‘foamy’ due to the uncertainty principle. The space-time foam
concept leads to difficulties, such as problems with causality. It is also well known that
Einstein’s field equations themselves lead to bizarre objects such as black holes, or
singularities in space-time, and to problems with the conservation of energy and
momentum.

There have been past attempts at quantizing the gravitational field. They have focused on
using the graviton force exchange particle directly as the quanta of the gravitational field,
which is in direct analogy with the quantization of electromagnetic fields with photons.
The graviton particle is chosen with the right mathematical characteristic to quantize
gravity in accordance with quantum field theory and genera relativity. These attempts,
however, fail to account for the origin of space-time curvature. Specifically, how does a
graviton ‘produce curvature when propagating from one mass to another? Does the
graviton move in an aready existing 4D space-time curvature? If it does, how is the space-
time produced by the graviton? If not, how is 4D space-time curvature produced? In other
words, if the 4D space-time curvature is not caused by the graviton exchanges, then what
is the cause? There are more unanswered questions. For example, why do the virtual
particles of the quantum vacuum not contribute a nearly infinite amount of curvature to
the whole universe? After all, the force of gravity is universally attractive. According to
guantum field theory, virtua gravitons should exist in huge numbers in the quantum
vacuum, and should therefore contribute huge amounts of attractive forces and a large
amount of space-time curvature.

Does graviton exchange processes get affected by high velocity motion (with respect to
some other reference frame)? In other words, does the number of gravitons exchanged
increase as the velocity of the mass increases, as seems to be required by the specidl
relativistic mass increase with velocity formula? How does a graviton, which moves at the
speed of light make it out of a black hole to attract other nearby masses? After all, even
light does not move fast enough to escape from the gravitational pull of a black hole. If
light cannot escape, how can a graviton escape? Why does the state of motion of an
observer near a gravitational field affect his local 4D space-time curvature? For example,
why does an observer in free fal near the earth affect his local space-time conditions in
such a way as to match an observer in far space (who lives in flat space-time)? Many of
these questions have remained unresolved in existing quantum gravity theories.

The principle of equivalence has become a mgjor pillar of modern physics, and has been
tested under a wide variety of gravitational field strengths and distance scales. It has been
tested with different material types (ref. 6). It has been tested to high degrees of precision
(up to 3 partsin 10 for laboratory bodies, and 1 part in 10°* for the acceleration of the
moon and earth towards the sun). Yet, the principle of equivalence has remained only as a
postulate of genera relativity. It cannot be proven from fundamental principles. Some of
the better literature on general relativity have drawn attention to this fact, and admit that
no explanation can be found as to; “why our universe has a degp and mysterious
connection between acceleration and gravity” (ref. 8). After al, while standing on the
surface of the earth, gravity appears like a static force holding your mass to the surface.



Y et, when your standing in an accelerated rocket moving with an acceleration of 1 g, the
principle of equivalence states that there is an equivalent force exerted against the rocket
floor by your inertiadl mass which is caused by the dynamic accelerated motion of the
rocket. Why should there be such a degp connection between what appears to be two
completely different physical phenomena?

The principle of equivalence means different things to different people; and to some it
means nothing at all. The physicist Synge writes in his textbook on general relativity (ref.
31): “I have never been able to understand this principle (principle of equivalence) ... |
suggest that it be now buried with appropriate honors’. We will see what he meant by this
statement in section 12. The equality of inertial and gravitationa mass has been deduced
strictly by observation, and by actua experience. But is equivalence exact? Since the
principle of equivalence cannot be currently traced to deeper physics, we can never say
that these two mass types are exactly equal. EMQG reveals the hidden phenomena that
account for the principle of equivalence.

How is the principle of equivalence defined? Actualy, there are two main formulations of
the principle of equivalence. The Strong Equivalence Principle (SEP) states that the results
of any given physical experiment will be precisely identical for a uniformly accelerated
observer in free space, as it is for a non-accelerated observer in a perfectly uniform
gravitational field. A weaker form of this postulate restricts itself to the laws of motion of
masses only, or only to experiments that involve the motion of matter. This is called the
Weak Equivalence Principle (WEP). The WEP implies that objects of different mass fall at
the same rate of acceleration in a uniform gravity field.

Recently, there exists some theoretical basis to believe that the strong equivalence
principle does not hold in general. First, we conclude that by the very definition of the
existence of the graviton particle, the strong equivalence principle cannot hold! Let us
assume that gravitons can be detected with some new form of a sensitive graviton
detector. We would then be able to easly distinguish between an inertia frame and a
gravitational frame with this detector. This is because inertial frames would have virtualy
no graviton particles present, whereas gravitational fields like the earth have enormous
numbers of graviton particles (recall that the graviton exchange process is the source of
the gravitational field). Secondly, recent theoretical considerations of the emission of
electromagnetic wave radiation from a uniformly accelerated charge, and the lack of
radiation from the same charge subjected to a static gravitational field has led one author
(ref. 23) to dso reconsider the validity of the strong equivalence principle. These issues
will be examined later in section 15.8.

As for the weak equivalence principle, we can only specify the accuracy as to which the
two different mass types have been shown experimentally to be equa inside an inertia
frame and in a static gravitationa field (technically at a point). Although we are not aware
of any experiment that contradicts the WEP, we have theoretical reasons to believe that
the WEP is not perfect. We will find that the WEP follows from lower level physica
processes that gives near perfect equivalence. Mass equivalence arises from the
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equivalence of the electromagnetic forces generated between the net statistical average
acceleration vectors of the (charged) matter particles inside a mass interacting with the
surrounding virtual particles of the quantum vacuum inside an accelerating rocket. Thisis
the same force occurring between the (charged) matter particles of a mass near the earth
and the surrounding virtual particles of the quantum vacuum. Equivaence is not perfect,
however, and breaks down when the accuracy of the measurement is extremely high
(section 15.8)! Thiswill be explained in some detail later.

Thus, we maintain that gravity aso involves accelerated motion of a sort, like in a rocket
undergoing uniform acceleration. However, under a gravitational field like the earth, this
accelerated motion is hidden from our direct view. The motion that is hidden from us turns
out to be the relative accelerated motion of the particles of the quantum vacuum, which
are falling. The quantum vacuum consists of short-lived particles called virtual particles,
which fills the surrounding space, everywhere (section 15.8). It is the hidden motion of
virtua particles that turns out to be responsible for the equivalence between inertial and
gravitational mass. We offer, for the first time, a detailed derivation of the principle of
equivalence on the quantum scale, based on a few simple postulates. Because the most
important physical process involved in gravity (and the principle of equivalence) is the
ordinary electromagnetic force, we therefore call this new quantum gravity theory
‘Electro-Magnetic Quantum Gravity’ or EMQG. Ancther reason for choosing this
name is that the graviton particle turns out to have almost the identical characteristics as
the photon particle. Figure 14 shows the relationship between EMQG and the rest of
physics.

Existing quantum gravity theories that include gravitons as the exchange particle do not
address the problem of variation of mass with velocity predicted by special relativity,
which is very obvious when masses achieve velocities that are approaching the speed of
light. But how can mass vary with velocity, when according to the principles of quantum
field theory, mass (or ‘mass charge’) is the property of a particle to emit and absorb
gravitons. Does this mean that the graviton emission rate varies with speed? However, if
you are an observer in the same reference frame as a high velocity mass, then the mass
appears to you to be the same as the rest mass, which would leave the graviton emission
rate unchanged. What is going on here? The graviton emission cannot be relative. We
cannot have different observers disagree on the graviton emission process! In fact, we
believe that the graviton emission rate must be constant, and independent of velocity as
for the precedent set by QED for the photon emission process of electrical charge.

EMQG provides a new understanding of gravitation, and is also testable, because it
predicts new experimental results that cannot be explained by conventional theory. Before
EMQG can be fully presented, however, a review of some very important background
ideasis necessary.
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2. SPACE, TIME, MATTER AND CELLULAR AUTOMATA THEORY

“By getting to smaller and smaller units, we do not come to fundamental units, or indivisible units, but
we_do come to a point where division has no meaning.”

- Werner Heisenberg

Cdlular Automata (CA) theory (references 1,2,3 and 4) forms the basis of EMQG, and
has guided us towards our theory of quantum gravity. Cellular Automata theory will be
discussed fully in section 3. We believe that the Cellular Automata is currently the best
model we have for understanding the *machinery’ of our universe. It is CA theory that has
led us along the torturous path towards EMQG theory, an all particle theory of gravity.
CA theory suggests that all the laws of physics should be the result of interactions that are
strictly local, which therefore forbids any action at a distance. If CA theory is correct, then
the global laws of physics (like the Newton's law of inertia‘F=MA’) should be the result
of the local actions of matter particles, which exist directly as information patterns on the
cells of the CA. In addition, CA theory suggests that space, time, matter, energy and
motion are all the same thing, namely the result of information changing state according to
some set of gpecific mathematical rules! We will see that specia redtivity is aready
manifestly compatible with the cellular automata model of the universe.

If CA theory is true, this implies that familiar space, time, and matter are not the basic
elements of reality. In CA theory, al physical phenomena turn out to be the end result of a
vast amount of numerical information being processed on a ‘universal computer’, and that
the information inside this computer is in fact our whole universe, including ourselves! All
elements of redlity are due to numerical information being processed on the ‘cells at
incredibly ‘high speeds (with respect to us) on this universal computer. The computer
hardware is forever inaccessible to us, because we ourselves are also information patterns
residing on the cells. The laws of physics that govern the ‘hardware functioning of the
universal computer hardware do not even have to be the same as our own physical laws.
In fact, the computer ‘hardware’ that governs our reality can be considered by definition
of the word ‘universe' to be outside our own universe, because it is inaccessible.

The computer model that best fits the workings of our universe is quite different from that
of an ordinary persona desktop computer. In fact, our universe is implemented on the
most massively parallel computer model currently known to computer science. This
paralel computer model iscaled a‘CELLULAR AUTOMATA'. A CA consists of ahuge
array of 'cells (or memory locations) that are capable of storing numerical data, which
change state on every clock period, everywhere, according to the rules of the cellular
automata (figure 18 shows a 3D CA, the model proposed for our universe). This type of
computer was discovered theoretically by Konrad Zuse and Stanidav Ulam in the late
1940's, and later put to use by John von Neumann to model the real world behavior of
complex spatially extended structures. The best known example of a CA isthe game of life
originated by John Horton Conway. In fact, the CA is so powerful that it is capable of
updating the entire memory (no matter how big) in a single clock pulse! Contrast this to
the desktop computer, which takes millions of clock cycles to update the entire memory.
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CA’s are inherently symmetrical, because one set of rules is programmed and repeated for
each and every memory cell. We believe that this accounts for the high degree of spatial
symmetry found in our universe. In other words, the laws of physics are the same no
matter where you are, or how you are oriented in space. This is accountable by the perfect
symmetry of the cell space. Not only isthe CA aparallel computer, but it is also the fastest
known parallel computer processor.

On remotely small scales of distance and time, called the Plank scale (about 10% meters
distance and 10 seconds) the ‘view’ of the universe is completely unlike what we know
from our senses. Figure 18 shows what space ‘looks’ like at the lowest possible scales.
Space, time, and matter no longer exist. Elementary particles of matter reveal themselves
as oscillating numeric information patterns. Motion turns out to be an illusion, which
results from the ‘shifting’ of particle-like information patterns from cell to cell. However,
there is no real movement! Forces, which are understood to result from vector boson
particle exchanges, can be viewed as the exchange of oscillating information patterns,
which are readily emitted and absorbed by matter particles (fermions). The absorption of a
vector boson information pattern changes the internal oscillation of a particle, and causes
an ‘acceleration’ to occur along a particular direction (usually towards or away from the
source). The quantization of space reveds itself as cells, or storage locations for the
numbers of the computer. What causes the numbers to change state as time progresses?
It's the logical (and local) rules that are preprogrammed in al the storage cells of the
computer. All the cells change state at the same time (not our time, but during a CA clock
transition) and at regular CA ‘clock’ intervals (not to be confused with clocks in our
universe). So, in CA theory at the lowest level, space isn't ‘nothing’, it is something; it's
memory cells. Particle information patterns (numbers) residing in the cells are dynamic,
and shifting (but not actual moving)! They smply change state as the computer
simulation evolves. In order to understand CA theory and its relationship to modern
physics we need to take a brief review of CA computer theory.

3. CELLULAR AUTOMATA THEORY

“Digital Mechanicsis a discrete and deter ministic modeling system which we propose to use (instead of
differential equations) for modeling phenomena in physics.... We hypothesize that there will be found
a single cellular automaton rule that models all of microscopic physics; and models it exactly. We call
thisfield Digital Mechanics.”

- Edward Fredkin

In this section, we give a brief summary of Cellular Automata theory and it's connection
with modern physics (ref. 1,2,3 and 4). We aso include some new material we originaly
developed in regards to the CA space dimensionality. Edward Fredkin (ref. 2) has been
first credited with introducing the idea that our universe is a huge cellular automata
computer ssmulation. The cellular automata (CA) model is a special computer that consists
of a large number of cells, which are storage locations for numbers. Each cell contains
some initial number (say O or 1 for example), and the same set of rules are applied for
each and every cell. The rules specify how these numbers are to be changed at the next
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computer ‘clock’ interval. Mathematically, a‘clock’ isrequired in order to synchronize the
next state of all the cells. The logica rules of a cell specifies the new state of that cell on
the next ‘clock’ period, based on the cells current state, and on that of al the cell’s
immediate neighbors (each cell in CA has a fixed number of neighboring cells). The
number of neighbors that influence a given cell is what we call the connectivity of the
cellular automata. In other words, the number of neighbors that connect (or influence) a
given cdl is cdled the CA connectivity. The connectivity can be any positive integer
number.

We define a’geometric’ cellular automata as a CA configuration where each cell has only
the correct number of neighbors such that the CA connectivity allows a smple cubic
geometric arrangement of cells (a cube in 3D space for example, see figure 18). This can
be visualized as the stacking of cells into squares, cubes, hypercubes, etc. This structure is
well suited for constructing 3D space, as we know it. The mathematical spatial dimensions
required to contain the geometric CA is defined as the ‘dimensionality’ of the geometric
cellular automata. For example, in a 2D geometric CA each cell has 8 surrounding
neighbors, which can be thought of as forming a smple 2D space. One set of rules exists
for every given cell, based on the input from its immediate 8 neighbors (and possibly on
the state of the cell itself). The result of this ‘computation’ is then stored back in the cell
on the next ‘clock’ period. In this way, al the cells are updated smultaneoudy in every
cell, and the process repeats on each and every clock cycle. In a 1D geometric CA, each
cell has 2 neighbors, a 2D geometric CA has 8 neighbors, a 3D geometric CA has 26
neighbors (figure 18), a 4D has 80 neighbors, and a 5D has 242, and so on. In generd, if
Cp is the number of neighbors of an Nth dimensional geometric Cellular Automata, and
Np.1 is the number of neighbors of the next lower N-1th dimensional geometric Cdllular
Automata, then: Cp = Cp1 + Cp.y + Cpy + 2, or Cp = 3 Cpy + 2, which is the number of
neighbors of an Nth dimensiona geometric CA expressed in terms of the next lowest
Space.

The geometric CA model that is explored here for our universe is a ssimple geometric 3D
CA, where each cell has 26 neighboring cells (figure 18). Your first impression might be
that the correct geometric CA model would be a 4D geometric CA, so that it is directly
compatible with relativistic space-time. There are several problems with this approach,
however. First, 3D space and time have to be united in this CA model, which is not easy
to do. More difficult still, isthat 4D space-time is relative, and in some cases it is curved.
This means that on the earth a falling reference frame observers flat 4D space-time, while
a dtationary observer exhibits curved 4D space-time. Furthermore, the 4D space-time
curvature is directional near the earth. Curvature varies along the radius vectors of the
earth, but does not vary parallel to the earth’s surface (over small distances).

We will see that there are actually two space-time structures in our universe. First, thereis
the familiar relativistic 4D space-time that is measured with our instruments, and
influenced by motion or gravity. Secondly, there is an absolute ‘low level’ 3D space, and
separate ‘time’ that is not directly accessible to us, which exists at the lowest scale of
distance and time, which is Cellular Automata level. The 3D space comes in the form of
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cells, which are automatically quantized. Time is aso automatically quantized, and is
extremely simple. Our time is the unidirectiona evolution of the numeric state of the CA
based on the local rules on each ‘clock cycle' . The numeric state of the CA changes state
on each and every ‘clock’ pulse (an external synchronizer of the CA), which can be
thought of as a primitive form of CA time (‘clock cycles should not to be confused with
our clocks, or our measure of time). Thus, our low-level space and separate time is Simply
a 3D geometric CA. This model restores utter ssmplicity to the structure of our universe.
Everything is deterministic, and the future evolution of the universe can in principle be
determined, if the exact numeric state of the Cellular Automata is known at this point in
time, along with the rules that govern each cell.

What is the scale of this 3D geometric CA computer with respect to our distance and time
scales? Assuming that the quantization scale corresponds to the Plank Scale (ref. 10) the
number of cells per cubic meter of space is astronomically large: roughly 10'® cells. Later,
we will see that the quantization scale is much finer than the Plank Scale of distance and
time, according to EMQG theory. Remember that all the cells in the universe are all
updated in one single ‘clock’ cycle! Thisis a massive computation indeed! The number of
CA ‘clock’ pulses that occur in one of our seconds is a phenomenal 10* clock cycles per
second (based on the assumption that the Plank distance of 1.6 x 10 meters is the rough
quantization scale of space, and the Plank time is 5.4 x 10* seconds). Because of the
remotely small distance and time scales of quantization, we as observers of the universe
are very far removed from the low-level workings of our CA computer. Why do humans
exist a such alarge scale as to be remotely removed from the CA cell distance scale? The
simple answer to this is that life is necessarily complex! Even an atom is remarkably
complex. A lot of storage locations (cells) are required to support the structure of an
atom, especialy in light of the complex QED processes going on. It is not possible to
assemble anything as complex as life forms without using tremendous numbers of atoms
and molecules.

Chaos and complexity theory teaches us that simple rules can lead to enormous levels of
complexity. We can see thisin asmple 2D geometric CA called the game of life. Being a
2D geometric CA, there are 8 neighbors for each cell, which forms a primitive geometric
2D space, which can be viewed on a computer screen. Here the rules are very simple. The
rules for the game of life are summarized below:

Rulesfor the famous 2D Geometric CA - Conway’s Game of Life:

(1) If agiven cdl isin the one state, on the next clock pulse it will stay one when it is
surrounded by precisely two or three ones among it’s eight neighbors on a square lattice.
If the cell is surrounded by more than three neighbors, it will change to zero; if fewer than
two neighbors have a one, it changes to zero.

(2) If agiven cell isin the zero state, on the next clock pulse: it will change to a one when

surrounded by precisely three ones, otherwise for any other combination of neighbor
states the cell will remain a zero.
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The rules are smple enough for a child to understand, yet the game of life leads to an
endless number of different patterns, and to significant complexity. We see gliders, puffers,
guns, ‘oscillating’ particles with different rates of trandation and spontaneous particle
emission from some oscillating patterns. We have even seen a pattern that resembles a
particle exchange process.

How many different 2D geometric cellular automata’ s can be constructed from all possible
rules? This number is unimaginably large. For smple binary cells, with 8 neighboring cells
there are 8+1 cdlls that influence a given cell (previous state of a cell can influence it's
next state), which leads to 2°** possible binary combinations or approximately 10**
different CA’s, of which the game of life is but one. In genera, for an Nth Dimensional
Geometric CA with (m) neighbors, there are 2 possible rules available for the Cellular
Automata, where k = 2™ Assuming our universe is a smple 3D geometric CA, then
there are 2'**?'""® possible rules to choose from! Y ou can give up trying to find the rules
that govern our universal CA by simple trial and error.

In the early 1900's Max Plank (ref. 10) defined a set of fundamental scales based on his
then newly discovered quantum of energy h (E = hv). Three fundamental constants G
(Gravitational Constant), h (Plank's Quantum of Action), and c (the speed of light) were
assembled in a set of equations that define natural physical units independent of any man
made units. The Plank length is 1.6 x 10 meters and the Plank time is 5.4 x 10*
seconds. The Plank length has often been suggested as the fundamental quantization scale
of our universe. This suggests that the 'size' of a cell in the CA computer is the Plank
length, and that the Plank time is the period of the cellular automata 'clock’ (the smallest
possible time period for a change in the state of the CA). Note: The cells actually have no
real size, since they represent storage locations for numbers. Instead, this represents the
smallest distance that you can increment as you move aong a ruler. We will see that the
actual quantization scale of the CA is much finer than the Plank Scale (by some currently
unknown amount).

Even in conventiona physics, there is growing evidence accumulating that suggests that
the plank units of distance and time somehow represent the quantization scale of space-
time itself. In CA theory, quantization is automatic! We will see as EMQG is developed
that the quantization scale of the universal CA is much finer than the Plank Scale (by some
unknown amount). There are also some other physical units that can be derived from the
three fundamental constants listed above which includes. Plank Energy, Plank
Temperature, Plank Mass, Plank Speed, and Plank Wavelength, which also represent
fundamental universal limits to these parameters.

All physical things are the result of CA processes; including space, time, forces and matter
(particles). Although, the exact rules of the CA that is our universe is unknown at this
time, some very genera physica conclusions can be drawn from the CA modd. For
example, matter is constructed from elementary particles, which move in space during
some period of time. Particles interact via forces (exchange particles) which bind particles
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together to form atoms and molecules. Quantum field theory tells us that forces are also
particles called vector bosons, which are readily exchanged between matter particles
(fermions), and that these exchanges cause momentum changes and accelerations that we
interpret as forces. Elementary particles and forces on the CA consist of oscillating
information patterns, which are numbers changing state dynamically in the cells of the CA.
These numerical information patterns roam around from cell to cell in given directions.

The shifting rates of a particle or information pattern, relative to some other particle, is
interpreted by us as the state of relative motion of the particle. As we have seen, particles
can interact by exchanging particles, which are also information patterns. Exchange
particles are readily emitted at a given fixed rate by the source particle, and absorbed by
target particle. When these force particles are absorbed, the interna state changes, which
we interpret as a change in the particle momentum. The result of this process is that the
shifting rates or motion of the matter particle changes by undergoing a positive or negative
acceleration with respect to the source. This is what we observe as a fundamental unit of
force. Of course, when we observe forces on the classical scale, the astronomical number
of particle exchanges occurring per second blurs the ‘digital’ impact nature of the force
exchange, and we perceive a smooth force reaction. All ‘motion’ is relative in CA theory,
since al cells are identica and indistinguishable. In other words, we cannot know the
specific cell locations that a particle occupies.

The closest CA elements that correspond to our space and time are the empty cells and the
clock cycles that elapse. But this correspondence is not exact, as we shal find. The cells,
which are storage locations for numbers, really form a low-level basis of the physical
concept of space. Because the information patterns can roam freely in various directions
that are determined by the dimensionality of the CA, we interpret this freedom of motion
as space. Similarly, while matter patterns are in motion, a definite time period el apses. We
can only sense the elapse of time when matter is in motion, by the changing state of the
CA. The ultimate cause of change is the CA clock, and the common rules that govern the
cells. But, it is important to realize that the internal clock required for the CA to function
IS not the same as our measure of time in our universe. Our time is based on physical
phenomenaonly. This fact is the origin of much confusion on the nature of time in physics.
We will investigate this important concept in EMQG theory later.

From these and other considerations, CA theory restores a great unity to al of physics.
Where there used to be different phenomena described by different physical theories, now
there is only one theory. Furthermore, CA theory is not only able to describe the way the
universe works, but it also alows us to understand how it works in detall. Is there any
evidence in the current laws of physics to support the idea that our universe redly is a
Cellular Automata computer ssimulation? The following sections will provide some rather
speculative and sometimes circumstantial evidence to support this position.

4, THE QUANTUM VACUUM AND IT'SRELATIONSHIP TO CA THEORY
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Philosophers:  “Nature abhors a vacuum.”

One might think that the vacuum is completely devoid of everything. In fact, the vacuum is
far from empty. In order to make a complete vacuum, one must remove all matter from an
enclosure. However, this is still not good enough. One must also lower the temperature
down to absolute zero in order to remove all thermal electromagnetic radiation. However,
Nernst correctly deduced in 1916 (ref. 32) that empty space is still not completely devoid
of al radiation after this is done. He predicted that the vacuum is still permanently filled
with an electromagnetic field propagating at the speed of light, called the zero-point
fluctuations (sometimes called vacuum fluctuations). This was later confirmed by the full
guantum field theory developed in the 1920's and 30's. Later, with the development of
QED, it was realized that all quantum fields should contribute to the vacuum state, like
virtual electrons and positron particles, for example.

According to modern quantum field theory, the perfect vacuum is teeming with activity, as
al types of quantum virtual particles (and virtua bosons or force particles) from the
various quantum fields, appear and disappear spontaneously. These particles are called
‘virtua’ particles because they result from quantum processes that have short lifetimes,
and are undetectable. Figure 12 shows a simplified schematic of the instantaneous velocity
vectors of the virtual particles of the vacuum, in an extremely small volume of space.

One way to look at the existence of the gquantum vacuum is to consider that quantum
theory forbids the absence of motion, as well as the absence of propagating fields
(exchange particles). In QED, the quantum vacuum consists of the virtual particle pair
creation/annihilation processes (for example, electron-positron pairs), and the zero-point-
fluctuation (ZPF) of the electromagnetic field (virtual photons) just discussed. The
existence of virtual particles of the quantum vacuum is essential to understanding the
famous Casimir effect (ref. 11), an effect predicted theoreticaly by the Dutch scientist
Hendrik Casimir in 1948. The Casimir effect refers to the tiny attractive force that occurs
between two neutral metal plates suspended in a vacuum. He predicted theoretically that
theforce'F per unit area‘A’ for plate separation D is given by:

F/A = - p’hc/(240D*) Newton's per square meter (Casimir Force‘F’) (4.1)

The origin of this minute force can be traced to the disruption of the norma gquantum
vacuum virtual photon distribution between two nearby metdlic plates. Certain photon
wavelengths (and therefore energies) in the low wavelength range are not allowed
between the plates, because these waves do not ‘fit’. This creates a negative pressure due
to the unequal energy distribution of virtual photons inside the plates as compared to
outside the plate region. The pressure imbalance can be visualized as causing the two
plates to be drawn together by radiation pressure. Note that even in the vacuum state,
virtual photons carry energy and momentum.

Recently, Lamoreaux made (ref. 12) accurate measurements for the first time on the
theoretical Casimir force existing between two gold-coated quartz surfaces that were
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spaced 0.75 micrometers apart. Lamoreaux found a force value of about 1 billionth of a
Newton, agreeing with the Casimir theory to within an accuracy of about 5%.

EMQG theory depends heavily on the existence of the virtual particles of the quantum
vacuum, and so we present other evidence for the existence of virtual particles (briefly)
below:

(1) The extreme precision in the theoretical calculations of the hyper-fine structure of the
energy levels of the hydrogen atom, and the anomalous magnetic moment of the electron
and muon are both based on the existence of virtua particles. These effects have been
calculated in QED to a very high precision (approximately 10 decimal places), and these
values have aso been verified experimentally. Thisindeed is agreat achievement for QED,
which is essentially a perturbation theory of the electromagnetic quantum vacuum.

(2) Recently, vacuum polarization (the polarization of electron-positron pairs near a real
electron particle) has been observed experimentally by a team of physicists led by David
Koltick (ref. 33). Vacuum polarization causes a cloud of virtua particles to form around
the electron in such a way as to produce charge screening. This is because virtual
positrons migrate towards the real electron and virtua electrons migrate away. A team of
physicists fired high-energy particles at electrons, and found that the effect of this cloud of
virtual particles was reduced, the closer a particle penetrated towards the electron. They
reported that the effect of the higher charge for the penetration of the electron cloud with
energetic 58 giga-electron volt particles was equivalent to a fine structure constant of
1/129.6. This agreed well with their theoretical prediction of 128.5. This can be taken as
verification of the vacuum polarization effect predicted by QED.

(3) The gquantum vacuum explains why cooling aone will never freeze liquid helium.
Unless pressure is applied, vacuum energy fluctuations prevent its atoms from getting
close enough to trigger solidification.

(4) For fluorescent strip lamps, the random energy fluctuations of the vacuum cause the
atoms of mercury, which are in their exited state, to spontaneously emit photons by
eventually knocking them out of their unstable energy orbital. In this way, spontaneous
emission in an atom can be viewed as being caused by the surrounding quantum vacuum.

(5) In electronics, there is alimit as to how much aradio signal can be amplified. Random
noise signals are somehow added to the original signal. This is due to the presence of the
virtual particles of the quantum vacuum as the photons propagate in space, thus adding a
random noise pattern to the signal.

(6) Recent theoreticd and experimental work in the field of Cavity Quantum
Electrodynamics suggests that orbital electron transition time for excited atoms can be
affected by the state of the virtual particles of the quantum vacuum surrounding the
excited atom in a cavity.



What relationships exist between CA theory and the quantum vacuum? Recall that the
guantum vacuum implies that all of empty space is filled with virtual particle processes. In
simple 2D geometric CA’s (such as the Conway’s Game of Life), most random initial
states or ‘seed’ patterns on the cells (and often from small localized initial patterns with all
the remaining cells in the zero state) often evolve into a complex soup of activity,
everywhere. This activity is very reminiscent of our quantum vacuum. In the game of life
you can even see events that even look suspicioudly like random ‘particle’ collisions,
particle annihilation, and particle creation after a sufficiently long period of simulation
time. Of course thisis not hard evidence of CA theory, but it is highly suggestive.

5. THE BIG BANG (START OF SSIMULATION AT T=0) AND CA THEORY

“I want to know how God created this world (Universe)” - A. Eingtein

“Nothing can be created out of nothing” - Lucretius

If the universe is a CA computer ssimulation, then there must have been a point where the
simulation was first started. This occurred »15 billion years ago (our time), according to
the standard big bang theory. It is important to redlize that the creation of the numeric
state of our universe (if it were to be done now, as a single act of creation without
evolution) would be very difficult to accomplish now. All the galaxies, stars, and planets,
and life forms must be specified for al the states of the cellular automata cells, which for
our universe is something on the order of something like 10'® cells per cubic meter of
space!

Our universe contains on the order of afew billion galaxies, and many galaxies have on the
order of 100 hillion stars in it. Currently, there is also evidence for the possibility that a
certain percentage of these stars have one or more planets circling around them. Each star
and planet has it's own unique orbit, chemical composition, temperature, rotation rate,
size, atmosphere, landscape and possibly even life forms. In the process of creating our
universe, it is far more economical to start with just the "right" rules of the cellular
automata so that stars and planets are the natural byproducts of the evolution of the CA
(and possibly life as well). In other words, let the natura evolution of the CA run its
course. It isaso more "interesting” to start this process, and than "see" what comes out of
it after alot of computer processing. In fact, that is what the purpose of our universal CA
computer is, it isto compute our universe! CA theory absolutely requires that our universe
be an evolutionary process, with a simple beginning.

6. WHY OUR UNIVERSE ISMATHEMATICAL IN NATURE

“Why is it possible that mathematics, a product of human thought that is independent of experience,
fits so excellently the objects of physical reality.”
- Albert Einstein
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It is clear that al the known laws of physics are mathematical in nature. Many physicists
like Einstein, for example, have commented on this mysterious fact. No good explanation
has been given as to why this should be so. This fact is made even more mysterious when
one considers that mathematics is strictly an invention or byproduct of intellectual activity.
In a sense, mathematics is like art and music. For example, the mathematical concepts of
infinity, the imaginary numbers, and the Mandelbrot set in the complex plane are all
mathematical objects that are invented by mathematicians. In mathematics, you start with
virtually any set of self-consistent axioms, and formulate new mathematics as you please.
Mathematics is strictly a creative process. Yet, our universe definitely operates in a
mathematical way. Every successful physical theory has been formulated in the language
of mathematics, and a good theory can even predict new phenomena that was not
expected from the original premises.

The cellular automata model provides a clear explanation as to why the universe is
mathematical. Quite simply, everything in our universe is numerical information, which is
governed by mathematical rules that specify how the numbers change as the computation
progresses. In short, “the universe is numbers’, as was once proclaimed by the great
Greek philosopher and mathematician Pythagoras. The design of the cellular automata
must have required intelligence, which was applied to the cellular automata in the form of
the mathematical rules for the cells. CA theory claims that al the laws of physics that we
know today are mathematical descriptions of the underling, discrete mathematical nature
of the numeric patterns that are present in our universal cellular automata. Fredkin (ref.
34) once proposed that the universe should be modeled with a single set of celular
automaton rules, which will model all of microscopic physics exactly. He called this CA
‘Digital Mechanics'. The laws of physics in this form are discrete and deterministic, and
would replace the existing differential equations (based on the space-time continuum) for
modeling al phenomenain physics.

Therefore, the current thrust to discover the theory of everything (or ssimply The Theory
as it is now known) should not be looking for a set of partia differential equations
incorporating relativity and quantum field theory. Instead, we should be looking for the
correct structure of the universal CA and the set of logical rules that govern it’s operation.

1. QUANTUM PARTICLESIN SAME STATE ARE INDISTINGUISHABLE

“ Common sense isthe layer of prejudice laid down in the mind prior to the age of 18”
A. Einstein

A paticle physicist once remarked that elementary particles behave more like
mathematical objects than like familiar point-like objects. Particles are able to transform
from one species type to another. Particles seem to be spread-out in some sort of
oscillatory wave, and at other times they seem like point-like objects. Particles can be
readily annihilated and created. None of these processes seem familiar from our everyday
experience. One of the most unfamiliar of al particle attributes is indistinguishability.
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Quantum Mechanics teaches us that electrons in the same quantum state (or having the
same quantum numbers) are absolutely identical, and indistinguishable from each other.
Y ou cannot mark one electron so that it is different than another. An electron is currently
described by quantum mechanics as a particle with quantum numbers like: mass, charge,
spin, position, and momentum, which are represented as numbers in the wave function of
the electron. It is these properties aone tell you all there is to know about the electron.
The electron has no size or shape. Quantum Mechanics has definitely ruled out any
classical or ‘mechanical’ modelsto help us ‘visuaize' what an elementary particleredlly is.

Equality is strictly a mathematical concept. In mathematics, the equality 1+1=2 is exact. In
classical physics, no two marbles can be constructed to be exactly the same. When it
comes to elementary particles, however, two quantum particles can be exactly the same.
According to quantum mechanics, two electrons in the same state of motion (and spin) are
absolutely identical and indistinguishable. The cdlular automata model explains this
remarkable fact smply by stating that the two electrons in the same state have exactly the
same numeric information pattern, and thus described by the same quantum wave
function. Therefore, they are mathematically identical. In constructing a universe, it is very
desirable to have building blocks that are identical, and exactly repeatable, so that large
complex structures can be easily formed.

8. EINSTEIN'SRELATIVITY IN THE CONTEXT OF CA

Special relativity is manifestly compatible with the CA model! We have proposed that
our universeisavast Cellular Automaton. For thisto betrue, all physica phenomena must
come from the strictly local interactions inside the CA. The very nature of the cellular
automata model is totally incapable of any instantaneous action at a distance, since
information can only be sent from cell to adjacent cell in any direction, only at each and
every ‘clock’ pulse. This means that there can be no action at a distance in all the laws of
physics. Einstein abolished action at a distance in special relativity with his famous velocity
of light postulate. He also removed gravitational action at a distance in general relativity
by replacing Newton's instantaneous gravitational force law with his space-time curvature
concept. In the following sections, we will see how and why specid relativity is manifestly
compatible with our CA model!

Specia relativity is one of the most successful theories of physics, and aong with quantum
theory forms one of the two great pillars of modern physics. However, it has failed to
account for why the universe has a maximum speed, which has still remained as one of the
two postulates of special relativity. CA theory provides a simple explanation for this. In
fact, the CA model demands that the universe have a maximum speed limit! In addition to
this, the second postulate regarding the relativity of inertial frames (constant velocity
motion) can aso be seen as a smple consequence of the basic structure of the CA.

However, generd relativity asit is currently formulated, is not compatible with CA theory.
First, genera reativity is formulated with the classical continuum concept for matter-
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energy, and is also formulated with a space-time continuum. Both of these fields are not
generally compatible with the CA model, or with quantum theory. Secondly, there is no
known local action that couples a large mass to the surrounding space-time curvature.
What is it about a large mass that causes space-time curvature around it? In genera
relativity, there exists a global tensor field called the 4D space-time metric, which merely
describes the amount of the curved 4D space-time. Because of the relative nature of
gpace-time (observersin free fall near the earth live in flat space-time), it is very difficult to
conceive how relativistic 4D space-time can work on a CA. How does the principle of
equivalence work on a CA? Why does the inertial mass is equal to the gravitational mass,
especiadly since they are defined differently?

Genera relativity has failed to make any progress towards the understanding of inertia.
Inertia is introduced in general relativity exactly as was conceived by Newton in his
famous inertia law: F=MA. Associated with Newton's formulation of inertia are the
problems introduced by Mach’'s principle, which is a loose collection of ideas and
paradoxes that have to do with accelerated or rotating motion. Mach argued that motion
would appear to be devoid of any meaning in the absence of some surrounding metter, and
that the local property of inertia must somehow be a function of the cosmic distribution of
all the matter in the universe. Mach’s principle has remained as an untestable philosophical
argument, even within the scope of general relativity. We will find that general relativity
must be revised in order to be compatible with CA theory. These modifications of general
relativity came about by a new understanding of inertia and the principle of equivalence.
Inertia will be described on the quantum level in a model that is compatible with CA
theory, and which also automatically resolves Mach’s paradox (this new theory of inertial
is called Quantum Inertia or QI). This new theory of inertia a'so explains the origin of the
Einstein principle of equivalence, which is not really a fundamental principle of nature, but
due to similar quantum processes occurring in accelerated frames and gravitational fields.
To summarize, general relativity is reformulated with a new approach to inertia called
Quantum Inertia, which explains the origin of the principle of equivalence, and in a form
that is now manifestly compatible with CA theory. This new theory is called
‘ElectroMagnetic Quantum Gravity’ or EMQG. It is a quantum theory of gravity, because
matter is treated as quantum particles, and 4D space-time is quantized and results from
pure quantum particle processes. Furthermore, the action between a large mass and the
surrounding 4D space-time is clearly understood. Before we formulate EMQG, a review
of relativity is necessary from the point of view of compatibility with CA theory.

9. SPECIAL RELATIVITY AND CELLULAR AUTOMATA

“... gpace by itself and time by itself, are doomed to fade away into mere shadows ....”
- H. Minkowski

POSTULATES OF SPECIAL RELATIVITY

Special Relativity theory is founded on two basic postulates:
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(1) The velocity of light in a vacuum is constant and is equal for all observersin
inertial frames (inertial frameisonein which Newton’s law of inertiais obeyed).

(2) Thelaws of physicsare equally valid in all inertial reference frames.

These postulates are used by Einstein to derive the famous Lorentz transformations, a set
of equations that relate space and time measurements between different inertial frames.
The second postulate implies that there are no absolute reference frames in the universe
that can be used to gauge constant velocity motion. All inertial frames are equally valid in
describing velocities. In a general sense, al the laws of physics are also equally valid in al
inertial frames. Some of the important consequences of special relativity and the Lorentz
transformations are:

(1) The universeis four dimensional, where 3D space and time now have to be united.

(2) Thereisamaximum speed to which matter can obtain.

(3) Mass and energy are interchangeable.

(4) Momentum (and mass) is relative. Mass varies with the relative velocity between two
inertial frames.

(5) Spatially separated events that are smultaneous in one inertial frame are not generally
simultaneous in ancther inertia frame.

The special theory of relativity also implies that the speed of light is the limiting speed for
any from of motion in the universe. Furthermore, light speed appears constant no matter
what inertial frame an observer chooses. However, nowhere in special relativity theory,
(or any other theory we are aware of) is there an explanation as to why this might be so. It
is smply a postulate, based on physical observations such as the Michelson-Morley
experiment. The second postulate also implies that there are no experiments that can be
performed that will reveal which observer isin a state of ‘absolute rest’.

The second postulate of specia relativity states that the laws of physics are equaly valid in
al inertia reference frames. Stated in a weaker form, there are no preferred reference
frames to judge absolute constant velocity motion (or inertial frames). This latter form is
easly explained in CA theory, by remembering that all cells and their corresponding rules
in the cellular automata are absolutely identical everywhere. Motion itself is an illusion,
and really represents information transfers from cell to cell. To assign meaning to motion
in a CA, one must relate information pattern flows from one numeric pattern group with
respect to another group (the actual cell locations are inaccessible to experiment).
Therefore, motion requires reference frames. Unless you have access to the absolute
location of the cells, all motion remains relative in CA theory. In other words, thereis no
reference frame accessible by experiment that can be considered as the absolute reference
frame for constant velocity motion. (Later, we will see that virtual particles of the
guantum vacuum still do not allow us to reveal our (constant velocity) motion between
two inertial frames. However, this is not the case for an accelerated observer or for
observersin gravitational fields).
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Since the contents of the cells or their locations are not physically observable to us, they
cannot be used to help us setup a universal absolute reference frame for motion. However,
there does exist a universal reference frame in the CA, and this frame is completely hidden
from experimentation, which we call the * CA absolute reference frame'. We associate with
this frame an absolute space and absolute time. Everyday objects like this desk, which is
a very large collection of elementary particles, occupies a specific volume of cells in CA
gpace. These cell patterns are (most likely) shifting through our cell space at some specific
rate. Therefore, there does exist a kind of Newtonian absolute space and absolute time
scale, but these are hidden from the viewpoint of an observer living in the CA. We will
find that in EQMG theory, the idea of absolute CA space and CA time becomes very
important in considerations of inertial and gravitation frames. Even more important to
observers, is the state of the virtual particles of the quantum vacuum. These virtual
particles can act to produce forces for observersin a state of acceleration. We will see that
Mach’s principle and Einstein’s weak principle of equivalence depend on the existence of
virtual particles. We will return to this subject later, when we formulate EQMG theory.

In order to provide a full explanation for the postulates of specia relativity, a detailed
model for matter and space is required for the cellular automata theory of our universe.
Since this model has not been found yet, we can use some simple assumptions about the
nature of matter in a CA. In cellular automata, the clock rate specifies the time interval in
which al the cells are updated, and acts as the synchronizing agent for the cells. Matter is
known to consist of atoms and molecules, which themselves consist of elementary
particles bound together by forces. An elementary particle in motion is represented in CA
theory by a shifting numeric information pattern, that is free to ‘roam’ from cell to cell.
Recall that space consists of cells or storage locations for numbers in the cellular
automata, and particles (number patterns) freely ‘move’ in this cell space. From these
simple ideas, it can be seen that there must be a maximum rate that number patterns are
ableto achieve. Thisis due to the following two reasons. First, there is fixed, constant rate
in which cells can change state. Secondly in CA theory, information can only be
transferred sequentialy, from one cell to adjacent cell, and only one cell at a time per
clock cycle. Thisis simply a limitation of the structure of the cellular automata computer
model. The CA structure provides the most massively parallel computer model known. It
is the CA’s high degree of parallelism that is responsible for this limitation, because a
particular cell state can only be affected by its immediate neighbors. Information can only
evolve after each ‘clock’ period, and information can only shift from cell to adjacent cell.
These facts result in a definite maximum speed limit for information transfers on the CA.

This maximum speed limit might represent light velocity, which is the fastest speed any
particle can go (figure 15). (NOTE: Later, we shall see that this maximum speed actually
represents the raw or ‘low-level’ light velocity, defined as the velocity of light in between
encounters with virtual particles. We will see that the scattering of photons with the
virtual particles of the quantum vacuum reduces the speed of the photons to the familiar
observable light velocity). This maximum speed limit can be calculated if the precise
guantization scale of space and time on the cellular automata level is known. Let us
assume for now that the quantization of space and time corresponds exactly to the plank
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distance and the time scales. This means that the shifting of one cell represents a change of
one fundamental plank distance Lp: 1.6 x 10 meters, and that the time required for the
shift of one cell is one fundamental plank time T: of 5.4 x 10™* seconds. Let us further
assume that a photon represents the fastest of al the information patterns that shifts
around in the CA. In fact, we propose that the photon information pattern is only capable
of shifting one cell per clock period, and not at any other rate, and therefore exits at one
speed with respect to the cells. The value for the speed of light can then be derived ssmply
as the ratio of (our) distance over (our) time for the information pattern transfer rate. The
maximum information transfer velocity is thus (figure 15):

Ve = Lp/ Tp =3 x 10® meter/sec = ¢ (9.1)

Therefore, Vp = ¢, the speed of light. The velocity of light can also be expressed as one
plank velocity, which is defined in units of plank length divided by plank time. (There are
plank units for mass, temperature, energy, etc as detailed in ref. 10).

Thus, the fastest rate that the photon can move (shift) is an increment of one cell’s
distance, for every clock cycle. If two or more clock cycles are required to shift
information over one cell, then the velocity of the particleis lower than the speed of light.

To summarize, in cellular automata theory the maximum speed smply represents the
fastest speed in which the cdlular automata can transfer information from place to place.
Matter is information in the cellular automata, which occupies the cells. The cells
themselves provide a means where information can be stored or transferred, and this
concept corresponds to what we call the ‘low level’ discrete space. ‘Low level’ time
corresponds to the time evolution of the state of the cellular automata, which is governed
by the ‘clock period’. To put it another way, the rate of transfer of information in any
cellular automata is limited, and infinite speeds are smply not possible. Of course, this
rules out action at a distance, which is why CA theory is manifestly compatible with

specia relativity.

In passing, it is interesting to note that in the famous 2D Geometric CA, caled Conway’s
game of life, there exists a stable, coherent ‘L’ shaped pattern commonly known as a
‘glider’ pattern. This pattern is always contained in a 3 x 3 cell array, and the glider
completes a kind of an internal ‘oscillation’ in four clock cycles. Thus, in four clock cycles
it returnsto it's initial ‘L’ shaped starting pattern. This glider travels in 2D cell space, at
one fixed speed! It is also the fastest moving pattern known in Conway’s game of life. The
glider particle in some sense resembles the photon particle in our universe! It has an
internal oscillation, and it only moves at one fixed velocity. However, the similarity ends
here, because in the game of life, the glider only movesin four fixed directions.

Special Relativity predicts through the work of Minkowski, that space and time must be
united into a special four-dimensional space-time structure. This unification can be thought
of as being the only way to restore the mathematical concept of space in specia relativity.
In this way, observers in any state of uniform motion can agree on the measure of a
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mathematical ‘distance’ between two events. According to specia relativity, if a distance
“d” is measured in frame A, then this distance is generally different than that measured in
another frame B which isin the state of constant velocity motion ‘v’ with respect to frame
A. As aresult, the ordinary 3D formula for the distance between two points (X1,y1,21) and
(X2,Y2,22) a timet, which is given by df = (xa-x1)® + (Y2-y1)? + (z2-z)” will generally not be
agreed on by all observers. This is because of the specia relativistic distance contraction
and time dilation that occurs in co-moving frames. But Minkowski showed that if a four
dimensional coordinate system is properly chosen with the following line element: ds* =
dx? + dy? + dz? - c’dt?® , (or which is represented by a 4D coordinates given by (x,y,zict)
where i=0-1) then distance and time measurements become invariant under any inertial
frame of reference. In other words, al inertial observers agree on measurements of space
and time in this coordinate system regardless of the relative velocity. Thisiswhat we refer
to as the high level 4D space-time continuum of special relativity. This is the space-time
that is accessible to measurement, and generally depends on the state of relative motion of
the observer. Most importantly, this space-time system is relative, and depends on the
state of motion of an observer.

It can be shown that the constancy of light velocity, and the principle of relativity
(Einstein’s first and second postulate) leads directly to the famous Lorentz
Transformations, a set of equations that allows us to relate space and time measurements
between two different inertial reference frames. The Lorentz transformations between an
observer ‘B’ in (x*,y*,z* ,t*) moving at velocity ‘v’ with respect to the reference observer
‘A’ in (X,y,zt) are given by (ref. 35):

X* = (x-vt)* (L—v3c?) 2 (9.2)
y* =y
Zr =z

tr = (t—(v/c?) x) * (1-v?c?) 2

These equations are derived by examining the motion of light that is spreading in a
spherical wave front, starting at time t=0 (in the frame of observer ‘A’), from the
perspective of both inertial observers. Based on the constancy of light velocity in all
inertial frames, the equations for the spherical wave front at time t for both observers
(recall that the equation of alight sphereis; x> +y* + 22 =r?, where r=ct and r=ct*
and the velocity of light is the same for both observers) is given by:

X +y* + 72 =c*® ... light sphere seen by observer ‘A’ after timet (9.3
x*2+y*2+ 722 =c*? | |ight sphere seen by observer ‘B’ after time t* (9.4)

It is a matter of pure algebra (which we will not repeat here, see ref. 35 for the detailed
calculations) to derive the Lorentz transformation from these equations. The Lorentz
transformation is at the heart of special relativity, from which we can derive the relativistic
velocity addition formula, Lorentz length contraction, Lorentz time dilation, and many
other results. Notice that the light velocity ‘¢’ in the above equations is the measured light
velocity, measured with identically constructed rulers and clocks by both observers.
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How can we trandate the behavior of photons existing in CA absolute space and separate
absolute time, into a statement concerning the measurable light velocity? In other words,
into a statement based on an inertial observer’'s actua measurement data for his light
velocity measurement. Furthermore, how do we compare these readings with respect to
other inertial observers, who aso use actual measuring instruments? A definition of a
space and time measurement must be defined, along with a method of comparing these
measurements among different observers in different inertia reference frames. This
definition is required, because light velocity is defined as the measured distance that light
moves, divided by the measured time that is required to cover this distance.

First we must define an inertia reference frame in far space, away from gravitational
fields. Imagine a three dimensional grid of identically constructed clocks, placed at regular
intervals measured with aruler (figure 17 illustrates what an inertial reference frame is), in
the three dimensiona space (ref. 36). Local observers are stationed at each of the clocks.
Thus, the definition of an inertial frame is awhole set of observers uniformly distributed in
gpace as we have described. All observersin a given reference frame agree on the position
and the time of some event. Only one observer would actually be close enough to record
the event (an event is defined as something that occurs at a single point in space, at a
single instant in time). The data collected by all the observers are communicated to the
others at a later time (by any means). Notice how light naturally enters in the definition of
an inertial reference frame. Light is required by observers to literally ‘see’ the clock
readings.

Now we are in a position to evaluate the Lorentz transformations from our low-level CA
definition of space, time, and constancy of light velocity. Light is an absolute constant in
absolute CA space and time units. No matter what the state of motion of the source,
whether it is an inertial source of even if it is accelerated, the light moves as an absolute
constant that is unaffected by the source. We must now trandate this statement about
measured light velocity, into the actual reality of the CA with imaginary observers with
highly specialized measuring instruments capable of measuring plank distance and time
units (which is not possible in our redlity). Let us introduce an absolute, discrete (3D
space) integer array: [x(k),y(k),z(k)], where information changes state at every t(k) (figure
18). These units represent our absolute space and time measurements (but in practice, we
cannot actually make these measurements). The origin is an arbitrarily chosen cell (which
can be looked at as being at absolute rest on the CA). A shift of data from one cell in any
space direction to next, for example from x(5) to x(6), represents one plank distance unit
(pdu), and if this take one clock unit, it happens in one plank time unit (ptu). The velocity
of light represents one plank velocity unit (pvu) in our absolute units. We intend to show
that when two different inertial observers measure light velocity using absolute space and
time units, both observers measure light velocity as being one plank velocity. However,
space and time measurements between our two inertial observers, do not compare in our
absolute units. We will show that this is the same situation we find in specia relativity, for
two observers with real measuring instruments in space-time.

53



Imagine two inertial observers with a relative velocity ‘v, in the CA absolute units. Both
observers are in a state of constant velocity motion with respect to our absolute cell
coordinate system. Observer ‘A’ contains a green light source and moves with absolute
velocity v, with respect to the cell rest frame. Observer ‘B’ moves with absolute velocity
V, and is moving away from our observer ‘A’ (so that v, > vy), and v, = v, - Vo Both
observers carry measuring instruments capable of measuring space and time in absolute
units (figure 16). Of course, thisis not actually possible with real observers.

Observer ‘A’ measures the velocity of light of his green light source, with his measuring
instruments. He uses a ruler of length ‘d’ in absolute units, and measures the number of
CA clock cycles it takes for the wave front of the green light to move the length of the
ruler. Because observer ‘A’ is moving with velocity v,, with respect to the absolute frame,
his measurement of length and time are distorted. Recall that light ssimply shifts from cell
to cdl, in every clock unit immediately after leaving the source (figure 16). His
measurement of length using the wave front moving across his ruler, appears longer,
because of his motion v, Thus, observer ‘A’ distance measurement appears longer by: ‘d
+ v d' pdu, where v, is less than one. (for example, if v, = ¥z pvu, and d=1,000,000 pdu,
then the distance measured is 1,000,000 + %2 1,000,000 pdu). In comparison, an observer
at absolute rest would measure a distance of ‘d’ pdu. Similarly, the clock measures a
longer time, because it takes longer for the wave front to reach the end of the receding
ruler. Therefore, the time required to transverse the ruler is: ‘d + v,d' ptu (in our example,
the time taken for light to traverse the ruler is 1,000,000 + %2 1,000,000 ptu). Thus, the
measured light velocity in absolute CA unitsis: (d + v.d) / (d + v,d) = 1 pvu, the velocity
of light. Smilarly, for observer ‘B’ moving at velocity vy, the measured velocity of the
green light he recelvesin his reference frameis: (d + vpd ) / (d + vpd) = 1 pvu, again equal
to light velocity in absolute units. Thus, both observers conclude that light is a universal
constant, equal to one pvu, no matter what the state of motion of the light source in an
inertial frame! Thisis similar to the same Situation in ordinary space-time.

What happens if observer ‘A’ sends his measurements to observer ‘B’ (by any means,
carrier pigeon for example)? First, will observer ‘B’ conclude that the color of light
received from ‘A’ is green? Secondly, will the measured distances and times be equa? It is
obvious from the above analysis, that the measurements are not equal, unless v, = vy
Furthermore, observer ‘B’ concludes that the received light is shifted towards the red.
Why? Observer ‘B’ examines the light received from ‘A’. A ‘wave marker’ passes by him,
and he then finds that the next ‘wave marker’ appears to take a longer time to arrive,
compared to when both observers are both at absolute rest. Thus, the light appears to
have a longer wavelength that is shifted towards the red, when compared to observer ‘A’.
The actual spacing between ‘wave markers' is constant, and was determined by the energy
of observer ‘A’s light emitting equipment. Note that observer ‘A’s measurement of his
light wavelength at velocity v, is actually different from the wavelength measurement
when heis at absolute rest, when measured in absolute units!

Let us now examine the results of the same experiment with measurements made in
ordinary space-time, with ordinary measuring equipment like clocks and rulers. A



common reference is required to make comparison measurements of length and time, since
the absolute coordinate system is not available. Based on our definition of reference
frames (as a grid of observers), light becomes the natural choice for comparative space-
time measurements. Observer ‘A’ decides to define length in terms of the green light from
his light source, where one basic length unit (bdu) © 1000 wavelengths of green light, from
which he has constructed a standard ruler of this length. Similarly, observer ‘A’ chooses to
define the time of one basic time unit (btu) as the elapsed time required to receive 1000
cycles (or 1000 audible clicks from each wave crest, for example) of the green reference
light, from which he constructs a calibrated standard clock. Observer ‘B’ has the
identically constructed ruler and clock. Now, as before, observer ‘B’ has a relative
velocity of v, with respect to ‘A’. What happens when observer ‘B’ makes measurements
on the incoming green light, sent by observer *A’?

Now we do not have the luxury of absolute units to arbitrate between the two observers.
Furthermore, no observer can be regarded as being at absolute rest! Both observers have
an equal right to formulate the laws of physics of motion in his own frame. Observer ‘A’
measures the light velocity as follows: The green light travels distance ‘D, in time T,, and
therefore the measured light velocity is. ¢ = DJ/T, Observer ‘B’ uses his identicaly
constructed standard clock and standard ruler to measure the incoming green light. Does
his measuring instruments measure the velocity of light the same as observer ‘A’. The
answer isyes. Recall that observer ‘A’’s velocity does not affect the light velocity at all. It
is an absolute constant, and cannot be affected by the source motion. Recall that observer
‘A’ specifies the wavelength of light, through his source apparatus. Once set, the
wavelength of light propagates as a constant, not affected by the source (as described in
our CA model of light above). Therefore, observer ‘B’ measures the light velocity as
follows:

(Da+ kD) / (Ta+KT2) = [(1 + K)/(1+K)] (D«/Ta) = Do/Ta= c asfor observer ‘A’.  (9.5)

The motion of observer ‘B’ ruler adds a length of kD, cycles of light to his measurement
distance, and adds the same kT, time delay, leaving the measured light velocity the same
as'A’. Observers ‘A’ and ‘B’ decide to compare their space and time measurements, with
their identically constructed ruler and clock. Do these measurements agree? It is very clear
that they do not!

Observer ‘B’ performs similar measurements, with identically constructed equipment on
the incoming green light. Observer ‘B’ notices that the wavelength of the green light is
shifted to the red, as we just discussed. Thus, his standard ruler of a length of one bdu
contains less than 1000 wavelengths of the incoming light, because each wavelength is
longer than *A’s (recall that 1 bdu is the length containing 1000 wavelengths of light).
Similarly, he notices that when he listens for 1000 audible clicks (which should correspond
to one btu of time), more than one btu of time elapses on his identically constructed clock
(because each click takes alonger time to arrive). When the results of these measurements
are compared by any means (by carrier pigeon, for example) observer ‘B’ concludes that
his time has been dilated, and his distances have contracted compared to observer ‘A’s
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measurement. Incidentally, if observer ‘B’ has the green light source and shines it towards
‘A’, observer ‘A’ would conclude the same thing. How do we mathematically compute the
values of these space-time comparisons? One may be tempted to apply a one dimensiona
Doppler-type analysis to deduce the quantity of space-time distortion. This, however,
would not yield the correct answer. The above analysis is applicable for al the 3
dimensions that light can travel in space. Therefore, one must correct for light moving in
al directions. Thisis precisely how Einstein derived the Lorentz transformations! In other
words, the velocity of light measured in all directions of an expanding spherical wave front
iswhat we take to be a constant. Thus, by showing that the velocity of light propagates as
a constant in al directions in CA absolute space and time, we find that al inertial
observers measure light velocity as a constant. However, they do not agree on the actual
values of the space and time measurements. In this way, the principle of relativity leads us
directly to the Lorentz transformation.

In summary, by postulating that on the lowest level of the CA, photons are information
patterns ‘moving’ by a smple shifting from cell to adjacent cell a every clock ‘cycle in
any given direction. As a consegquence of this we found that:

(1) Light propagates in a kind of absolute, quantized 3D space, and separate 1D time
(plank units) of the cellular automata, whose velocity is totally unaffected by the
source motion. The light source determines the energy, and therefore the wavelength
of the light. Once the light leaves the source, the wavelength and velocity is an
absolute constant, specified in absolute CA units.

(2) In absolute CA space and CA time units, observers have an absolute velocity. The
actual cell addresses of the information on the CA form the absolute ‘rest’ frame
(which is not directly accessible by experiment). Hypothetical measurements in these
absolute units yield light velocity and wavelength to be a constant, no matter what the
state of motion of the source.

(3) When two (or more) inertial observers, with real measuring instruments are employed,
and the measurements are made in the familiar 4D space-time defined by relativity
theory, we have shown that al observers measure the velocity of light as a constant.
However, when two (or more) inertial observers compare their space and time
measurement (which is required to measure velocity, the measurements can be
communicated by any means), they find that the measurements do not agree.

(4) We showed that the measured light velocity is constant in all space directions, which
still remains only a postulate of specia relativity. The Lorentz transformation directly
follows from this through ssimple algebra. The Lorentz transformations form the core
of specid reativity, and yields the familiar results of relativity such as: time dilation,
Lorentz contraction, velocity addition, and so on.

In regards to inertia frames, one might be tempted to consider that the virtual particles of
the quantum vacuum might act as some sort of an abstract universal reference frame. One
might think that the virtual particlesin the neighborhood of a point might be used to gauge
your constant velocity motion, a frame that would have been unknown to Einstein when
he formulated specia relativity. However, the virtua particles have completely random
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velocities, move in completely random directions, and most importantly are short lived and
unobservable. Furthermore, one cannot ‘tag’ the virtual particles with labels, and follow
the progress of al the virtual particles in order to judge your own motion with respect to
the average motion of the virtual particles! Therefore, it isimpossible to tell your state of
constant velocity motion with respect to the vacuum, unless a force or some other vacuum
phenomena makes it's presence felt. It is a well-known experimental fact that virtual
particles introduce no new forces for inertial observers. However, this is definitely not the
case for an accelerated frame, where we are concerned with the state of the acceleration
vectors of the virtual particles with respect to a Newtonian accelerated mass (F=MA).
Here forces are present, which originate from the electromagnetic interaction of the
guantum vacuum with the matter. We will see that this becomes the basis for the
formulation of EMQG for accelerated reference frames, and aso for gravitationa
reference frames!

Acceleration is a special motion, because an accelerated observer can detect his state of
acceleration (inside a closed box, for example) by smply measuring the force exerted on
him with an accelerometer. He does not need to compare his motion against some other
reference frame to find out if he is accelerating. Newton was well aware of this fact, which
led him to postulate the existence of ‘absolute’ space. Therefore, it appears that an
accelerated test mass does not require another reference frame to gauge motion, and
therefore acceleration has a special status in physics. However, it will be shown through
the new quantum principle of inertia (discussed later), acceleration also has a special
hidden reference frame that was unknown to both Einstein and Newton when they
formulated their famous theories of motion. The reference frame in question here is the
state of accelerated motion of the test mass with respect to the virtual particles of the
guantum vacuum. However, it is not the velocity of the particles that sets up this abstract
reference frame, it is the net statistical average acceleration of the virtual particles of the
guantum vacuum near the test mass that forms the absolute reference frame. These
concepts affect the meaning of inertial mass. Therefore, we elaborate on the meaning of
inertial mass in the next section.

10. SPECIAL RELATIVITY - INERTIAL MASSAND INERTIAL FORCE

“In contrast to the Newtonian conception, it is easy to show that in relativity the quantity force, is
not codirectional with the acceleration it produces ... It is also easy to show that these force
components have no simple transfor mation properties ....”

- M. Hammer

Quantum Inertia (QI) provides (section 13) a new understanding of Newtonian
momentum. We will show that it is only inertial force (and forces in general) that is truly
a fundamental concept of nature, not momentum or conservation of momentum. The
Newtonian momentum, which is defined by ‘mv’, is smply a bookkeeping value used to
keep track of the inertial mass ‘m’ (defined as F/A) in the state of constant velocity motion
‘v’ with respect to another mass that it might collide with at some future time. In this

57



way, momentum is a relative quantity. Momentum simply represents information (with
respect to some other mass) about what will happen in later (possible) force reactions.
This fits in with the fact that inertial mass cannot be measured for constant velocity mass
in motion (in outer space for example, away from all other masses) without introducing
some test acceleration. If a mass is moving a a constant velocity, there are no forces
present from the vacuum. Furthermore, since momentum involves velocity, it requires
some other inertial reference frame in order to gauge the velocity ‘v'. The higher the
velocity that a mass ‘m’ achieves, the greater will be the subsequent deceleration (and
therefore the greater the subsequent inertial force present) during a later collision (when it
meets with some another object). If the velocity doubles with respect to a wall ahead, for
example, then the deceleration doubles in a later impact. Before doubling the velocity, the
acceleration a = (Vo - 0)/t; and after doubling, a= (2v, - 0)/t = 2&, . Therefore we find that
f = 2f, , the force required from the wall (assuming the time of collision is the same).
Similarly, if the mass is doubled, the force required from the wall doubles, or f=2f,. Recall
that inertial force comes from the opposition of the quantum vacuum to the
acceleration of mass (or deceleration as in this case). Smilarly, the kinetic energy
“1/2mv* of a mass moving at a constant relative velocity ‘v’ it is adso a bookkeeping
parameter (defined as the product of force and the time that a force is applied). This
quantity keeps track of the subsequent energy reactions that a mass will have when later
accelerations (or decelerations) occur with respect to some other mass. It is important to
remember that it is the quantum vacuum force that acts against an inertiad mass to
oppose any change in its velocity that is truly fundamental.

We therefore conclude that according to principles of QI theory, the inertia force is
absolute. We have also seen that acceleration can be considered absolute. By this we
mean that it is only the acceleration ‘a of a mass ‘m’ with respect to the net statistical
average acceleration of the virtual particles of the quantum vacuum that accounts for
inertial force. Therefore, we conclude that inertial mass can aso be considered to be
absolute, and follows the simple Newtonian relationship ‘M=F/A’. Since inertia force,
acceleration, and mass can all be considered to be absolute in this framework, we must
closaly reexamine the principles of specia relativity in regards to the variation of inertial
mass with the relative velocity of another inertial frame. Relativity is based on the premise
that all constant velocity motion is relative, and also on the postulate of the constancy of
light velocity. According to specia relativity (which restricts itself to frames of constant
velocity, called inertia frames), the inertial mass‘m’ is relative, and varies with the relative
velocity ‘v’ with respect to a constant velocity observer, in accordance with the following
formula: m = mo / (1-v¥/c®)™. Here m is defined as the inertial mass measured in the other
frame with velocity v, and mq is defined as the rest mass (inertial mass measured in the
same frame as the mass) and ‘C’ is the velocity of light. It appears on the surface that QI
and specia relativity are not compatible in regards to the meaning of inertial mass. From
the point of view of quantum inertia, Einstein’s definition of inertial mass cannot be
fundamentally correct, because it is not related to the quantum vacuum process described
above for inertia. This is because we cannot associate the relative velocity ‘v’ directly to
any quantum vacuum process. Recall that it is only the acceleration ‘a of amass ‘m’, with

58



respect to the net statistical average acceleration vectors of the virtual particles of the
guantum vacuum that is the source of inertial mass.

Most specid relativistic textbook accounts of inertial force and mass are based on the so-
called ‘ conservation of momentum approach’ (ref. 20). The conservation of momentum is
assumed to be a fundamental aspect of nature. In order for momentum to be conserved
with respect to al constant velocity reference frames, the mass must vary. To see this,
recall that momentum is defined as mass times velocity, or ‘mv’, and that the momentum is
important in a collison only because it provides bookkeeping of the mass and relative
velocity. The relative velocity between the two colliding masses will determine the
amount of deceleration in the impact as follows: a=(vs - v;)/Dt, were v is the fina velocity,
and v; the initial velocity. Also, the mass is important because the subsequent force (and
therefore energy E = F Dt) is determined by F= m a through the quantum vacuum process
described above. The more mass particles contained in a mass, the greater the resistance to
the acceleration of the mass. Therefore, the product of mass and velocity is an indicator of
the amount of future energy to be expected in a collision (or interaction) of the two
masses. The total_incoming momentum is defined as the momentum of the in-going masses
(mvy + mpvy,), the total out-going momentum is (myvy’ + MpVv,'). Here the two masses my
and m, are moving at velocities v, and v, before the collision, with respect to an observer,
and velocity v;’ and v, after the collision. In Newtonian mechanics, the total momentum
is conserved for any observer in a constant velocity reference frame. Therefore, (myv, +
myVv2) = (Myvy’ + MpVy'), even though different observersin general will disagree with each
of the relative velocities of a pair of masses that are colliding. This is what we mean by
conservation of momentum. In special relativity, if we do not modify the definition of
inertial mass, we would find that different observers in different constant velocity frames
disagree on the conservation of momentum for colliding masses. However, it can be
shown (ref. 20) that if the mass of an object ‘m’ (from the point of view of an observer in
constant velocity motion ‘v’ with respect to a mass m, , measured by an observer at
relative rest) is redefined as follows:

m=my / (1-v¥c?)¥? , then the total momentum of the collision remains conserved as in
Newtonian mechanics.

How does specia relativity treat the definition of inertial mass and inertial force? Since
Einstein was aware that accdleration is not invariant in different inertia frames, he knew
that Newton’s law had to be modified.

To quote A.P. French (ref. 21):

“ ... the discovery and specification of laws of force is a central concern of physics. It is
certainly important, therefore, to know how to transform forces and equations of motion
SO as to give a description of them from the point of view of different inertial frames.
Snce in special relativity the acceleration is not invariant, we know that we cannot enjoy
the simplicity of Newtonain mechanics, but we can certainly arrive at some useful and
meaningful statements.
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The starting point, which we indeed made use of in the initial stages of our approach to
relativity is Newton's law in the form

F = dp/dt= d(mv)/ dt where m= my (1-V*/c?) ™2

We take this as a definition of F. It is a natural extension (and simplest extension) of the
non-relativistic result. It is not a statement that can be independently proved.”

French goes on to analyze the consequences of this reativistic force definition for
components parallel and transverse with respect to the direction of acceleration:

“ ... for the case where F is applied parallel to v, causing an acceleration aoy ...Fx = Fox
Thisis a striking result. Despite the change of the measures of mass and acceleration in
the two frames, the measure of the x component of force remains the same.

When we make a similar calculation for the transverse force, we find that this invariance
doesnot hold. ...i.e. Fy= 1/ (1A Fo

In the above results one can discern the feature that in general force and acceleration
are not parallel vectors. ... Only in the instantaneous rest frame of a body can one
guarantee that F, as defined by the time derivative of momentum, is in the same direction
asthe acceleration.”

Einstein had to modify Newton's inertial law during his program to revise al physics in
order to be relativistic, and was not aware of the existence of the quantum vacuum at that
time. When Einstein considered this law, he found that in addition to incorporating his
new relative mass definition formula above, he had to contend with relative accelerated
motion. Contrary to popular belief, specia relativity does address the problem of
accelerated motion, which can be measured by any observer in an inertial reference frame.
Therefore, in order to allow different observers in different states of constant velocity
motion to measure inertial forces, Newton’s law of motion must be changed. Since space
and time are involved in measuring acceleration relative to an observer, and therefore
acceleration must also be relative.

As we have seen in our QI anaysis, inertial mass is absolute. Furthermore, there exists
absolute acceleration of a mass, which is defined as the state of acceleration of the matter
particles making up that mass, with respect to the (net statistical) average acceleration of
the virtual particles of the quantum vacuum. (Note: Since virtua particles interact with
each other, not al the individual accelerations of the virtual particles with respect to the
mass will be the same, hence the statistical nature of this statement). What about the
applied force? As the force is applied, an acceleration results which causes the velocity of
the mass to increase. What if the velocity of the mass approaches light speed with respect
to the applied force? Is the force till as effective in further increasing the velocity of the
mass?
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101 RELATIVISTIC MASSVARIATION FROM PARTICLE EXCHANGES

Classical physics is based on the assumption that forces between two bodies can act upon
each other instantaneously through direct contact. Furthermore, the resulting action is
independent of the relative velocity of the two bodies from which the force acts. When
Einstein proposed specia relativity, he abolished all action-at-a-distance including forces
acting instantaneousy. However, forces were ill treated by Einstein within the
framework of classca Newtonian physics. In his program to make classical physics
relativistic, he accepted Newton’'s law of inertial force without modification (in fact, the
law F=MA was postulated as still being correct). Modern physics now treats all forces as
a quantum particle exchange process. Note: The gravitational force is a specia case where
two exchange particles are involved (section 15). We will find that two different force
exchange particles are involved simultaneoudly: the photon and the graviton particle. As
an example, consider the electric force exchange process, which involves the photon
particle as described by Quantum Electrodynamics (QED). Here the charged particles
(electrons, positrons) act upon each other through the exchange of force particles, which
are photons. In the language of computer science, electromagnetic forces can be viewed as
being ‘digital’. What appears to be a smooth force variation is really the result of countless
numbers of photon exchanges, each one contributing a‘ quanta’ of electromagnetic force.

To see how the exchange process works for electromagnetic forces, we will examine the
classica Coulomb force law in the rest frame of two stationary charges. The electric force
from the two charged particles decrease with the inverse square of their separation
distance (the inverse square law: F = kg, 0u/r?, where k is a constant, g, and g, are the
charges, and r is the distance of separation). QED accounts for the inverse square law by
the existence of an exchange of photons between the two electrically charged particles.
The number of photons emitted by a given charge (per unit of CA time) is fixed and is
called the charge of the particle. Thus, if the charge doubles, the force doubles because
twice as many photons are exchanged during the force interaction. This force interaction
process causes the affected particles to accelerate either towards or away from each other
depending on whether the charge is positive or negative (different charges transmit
photons with a dightly different wave functions). It is interesting to note that certain
cellular automata patterns exhibit behaviors like charge. For example, in the famous 2D
geometric CA called Conway’s game of life there exists a class of CA patterns called
‘guns’, which constantly emit a steady stream of ‘glider’ patterns indefinitely. This CA
emission process is constant without any degradation of the original gun pattern. This
resembles the charge property possessed by electrons, where photons are constantly
emitted without any change of state of the electron.

The strength of the electromagnetic force depends on the quantity of the electric charge,
and also depends on the distance of separation between the charges in the following way:
each charge sends and receives photons from every direction. But, the number of photons
per unit area, emitted or received, decreases by the factor 1/4pr? (the surface area of a
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sphere) at a distance ‘r’, because the photon emission process take place in all directions.
Thus, if the distance doubles, the number of photons exchanged decreases by a factor of
four. This process can be easily visualized on a 3D geometric CA. Imagine that an electron
is at the center of a sphere and sends out virtual photons in all directions. Imagine that a
second electron somewhere on the surface of a sphere at a distance ‘r’ from the emitter,
absorbing some of the exchange photons. The absorption of the exchange photons causes
an outward acceleration, and thus a repulsive force. If the charge is doubled on the
electron, there is twice as many photons appearing at the surface of the sphere, and twice
the force acting on the electron. Thus, this accounts for the linear product of charge terms
in the inverse square law. In QED, photons do not interact with photons (by a force
exchange interaction). As a result, in-going and out-going photons do not affect each
other during the exchange process.

We will go into more detail on the consequences of the particle exchange process for
gravity, and the connection with cellular automata later (section 15.2). For now we are
interested in the consequences of the force exchange process for specia relativity, where
the exchange particle has a finite, and fixed velocity of propagation (the speed of light,
with the exception of the weak nuclear force where some bosons carry mass). To our
knowledge, no one has examined the consequences of particle exchanges from the point of
view of forces acting on each other in different inertial frames, where exchange particle
propagates at the speed of light. At the time that Einstein developed specia relativity, the
force exchange process was unknown. The basic idea we want to develop here is that the
guantity of force transmitted between two objects very much depends on the received flux
rate of the exchange particles. In other words, the number of particles exchanged per unit
of time represents the magnitude of the force transmitted between the particles. For
example, imagine that there are two charged particles at relative rest in an inertial
reference frame. There are a fixed number of particles exchanged per second a a
separation distance ‘d’. Now imagine that particle B is moving away at a Slow constant
relative velocity ‘v’ with respect to particle A. If the relative velocity v<<c the exchange
process appears almost the same as when the two particles are at rest. This is because the
velocity of light is very high when compared to ‘v’, and the flux rate is unaffected. Now
imagine that the relative recession velocity v -> ¢, which is comparable to the velocity of
the exchange particle. Does the recelved flux rate of particle B get altered from the
perspective of particle B’s frame? The answer is yes, and this follows from another result
of specia relativity: the Lorentz Time Dilation!

It is clear from Lorentz time dilation that the timing of the exchange particle will be atered
when there is a very high relative velocity away from the source. Recall the Lorentz time
dilation formula of special relativity: t = to / (1 — v¥/c®)" 2, which states that the timing of
events varies with relative velocity ‘v'. If the timing of the exchange particles is altered,
then the flux rate is atered as well, since flux has units of numbers of particles per unit
time.

Now assume that particle A emitsaflux of F , particles per second, as seen by an observer
in particle A’s rest frame. When the force exchange particles are transmitted to particle B,
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particle B sees the flux rate decrease because of time dilation. Therefore, we find that
particle B receives a smaller quantity of exchange particles per second F, then when the
particles are a relative rest. Thus, particle A acts like it transmits a smaller flux rate Fy,
such that F, = F, (1 — Vv¥/c®)Y2 Since the force due to the particle exchange is directly
proportional to the flux of particles exchanged, we can therefore write:

F=F (1-Vvc?)Y? (10.1)

where is F, is the magnitude of the force when particle A and B are at relative rest, and F
is the resulting smaller force acting between particle A and B when the receding relative
velocity is ‘v'. Thus, we can conclude that when a force acts to cause an object to recede
away from the source of the force, the force reduces in strength. With a similar line of
reasoning, we find that the force increases in strength when a force acts to cause an object
to move towards the source of the force.

We are now in a position to see the apparent relationship between the inertial mass and
velocity. Since al forces are due to particle exchanges, we can use the method developed
above to study the forces acting between to inertial frames. First, at relative rest where
v=0, we have F= F,. The rest mass ‘my’ is defined by Newton’s law: Fo = mg a, where *a
is atest acceleration that is introduced to measure the inertial rest mass. Now, assume that
there is a relative velocity ‘v’ between the applied force and the mass ‘m’, which causes
the mass to recede. Therefore, we can write:

F=F (1-v¥c)*?=ma (10.2)

where the force is reduced in magnitude for the reasons discussed above, and the mass ‘m’
is considered absolute (or m= my, as in Newtonian Mechanics). In EMQG, we believe that
equation 10.2 represents the actual physics of the force interaction. However, if one takes
the position that the force does not vary with velocity, but that the mass is what actually
varies, then the above equation can be interpreted as:

F=Fo=ma=mo(1-v¥c®)™a,and m=m, (1-Vv4c®™ asgiven by Einstein.

So we see that we are in a Situation where it is experimentally impossible to distinguish
between the following two approaches: inertial mass variation with high velocity (Einstein)
versus the force variation with high velocity (EMQG). What velocities can a mass achieve
through the application of an accelerating force? According to our analysis above, the
answer isthat the limiting speed is the speed of the exchange particles, or light velocity. At
this limit, the accelerating force effectively becomes zero!

It is, however, convenient to associate the variation of force with an increase in relativistic
mass as Einstein proposed, for two important reasons. First this restores the conservation
of total momentum in collisions for al inertial observers (in fact, this is how Einstein
derived his famous mass-velocity relationship). Secondly, if a mass is accelerated to the
relativistic velocity ‘v’ with respect to observer ‘A’ by some given force, and this force is
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removed, there will be no way to determine the subsequent energy release when a collision
occurs later. In other words, when this mass collides with another object, a rapid
deceleration occurs with alarge release of energy (which is force multiplied by time). This
energy release is greater then what can be expected from Newton’'s laws. In fact, the large
energy release is due to the effective increase in the force during the collision due to
increased numbers of force exchange particles acting to reduce the speed of the colliding
mass.

The force F = Fy (1 — v¥/c?)Y? tends to zero as the velocity v -> c. This means that any
force becomes totally ineffective as the mass is accelerated to light velocity with respect to
the source. As we have seen, this is attributed to the force resulting from exchange
particles, which become totally ineffective in propagating from the source to the receiver,
as the velocity of the receiver with respect to the source approach the velocity of the
exchange particle. In order to clarify these ideas, we will analyze an actua experiment that
was performed to confirm relativistic mass increase effect.

10.2 ANALYSISOF ‘ULTIMATE SPEED’ EXPERIMENT FOR ELECTRONS

The textbook titled ‘Special Relativity’ by A.P. French (ref. 21) describes an actual
experimental test of relativistic mass and energy, which was performed for a film called
‘The Ultimate Speed’. This experiment is designed to measure specia relativistic effects
such as mass increase, momentum, and energy of an electron accelerated to relativistic
velocities. The experiment consists of an electron gun, a linear accelerator, an oscilloscope
to measure the electron time of flight, and an aluminum disk to stop the electrons and
signal the arrival. A direct calorimetric measurement of the electrons is made in order to
compare the energy transferred by the electrons during collision with the target. We will
give our interpretation of this experiment in terms of the quantum vacuum interactions
involved for mass, and the variation of accelerating force with relative velocity discussed
above.

The electrons are emitted from the electron gun and accelerated through an electrical
potentia in the laboratory frame. We assume that the electrical force acts in a direction
that is paralle to the direction of motion. An electrical force is required to accelerate the
electrons in order to overcome the resistance offered by the charged virtual particles of the
guantum vacuum, which is smply the electron’s inertia. (Note: This is the definition of
inertial mass in EQMG, where each charged masseon particle inside the electron
contributes elementary quanta of inertia). This resistance to acceleration is the absolute
inertial mass (or rest mass in relativity), where absolute mass is the actual resistance to
acceleration originating from the vacuum. As the electrons are accelerated, photon particle
exchanges occur between the charged electrons and the accelerating plates maintained at a
high electrical potentia. When the velocity of the electrons with respect to the accelerating
plates in the laboratory frame is much smaller then the speed of light, the force exchange
process is unaffected. In other words the accelerating electrical force isjust as effective in
accelerating the electrons as if the electrons are at rest, with the force being qV (q is the



electron charge, and V is the accelerating potential. As the velocity of the electron
approaches light velocity however, the timing of arrival of the exchange particles is
delayed in the electron frame as described previously. The force on the electron is reduced
to:

F=Fo (1-v%c®Y? , where Fyis the magnitude of the force at low velocities.

Table 1-1 of ref. 21 tabulates the time of flight, the kinetic energy, and the velocity of the
electron. It was observed that the velocity of the electron increased more slowly as the
electron achieved relativistic speeds, in spite of the large forces applied. To quote A. P.
French:

“... the kinetic energy is raised by a factor of 30, so one might have looked for a factor
of 5.5 in the speed (according to Newtonian Mechanics). Instead, there is an increase of
only 15% (in the speed). The increase of v between 1.5 and 4.5 MeV is barely detectable
within the accuracy of the experiment. One might therefore question whether the
electrons are in fact being given the energy calculated fromthe value of qV ...”

In order to verify that the electrons actually have the energies calculated, the experimenter
makes a direct calorimetric measurement of the collision energy of the electrons with the
auminum target plate. They conclude that the energy given to the electron (force
multiplied by time) is definitely carried by the electrons during this collision, through their
heat dissipation measurement.

What actually happens in the experiment however, is that the force becomes less and less
effective in increasing the velocity of the electrons during the relativistic phase of the
electron flight, in the reference frame of the accelerating electrons. In other words, the
electrons achieve little increase in speed (a = f / m, and since the force ‘f* decreases in
EMQG, the acceleration ‘a decreases, m remaining constant) for the force applied. Where
does the extra energy come from during the collison (as compared to Newtonian
mechanics)? The collision of the electrons with the aluminum target is realy an extremely
rapid deceleration, and therefore involves the quantum vacuum. The electrons are rapidly
decelerated by the auminum target, which creates a relative acceleration between the
charged electrons and the background, charged virtual particles of the quantum vacuum.
However, in the reference frame of the relativistic electrons, the number of exchange
particles per second increases (as compared to the dow velocity phase of the electrons),
creating a larger force operating against the target. One can view the exchange particles as
being ‘red shifted’ in terms of frequency (particles per second) during the acceleration
phase of the electron trgectory giving a decrease in force, and ‘blue-shifted’ during the
deceleration phase in collision giving an increase in force (and thus energy).

To summarize, inertial mass is absolute. The applied force that is used to accelerate a
mass is reduced at relativistic speeds, and depends on the relative velocity between the
applied force and the accelerated mass. The absolute acceleration of a mass is defined as
the state of acceleration of the matter particles making up that mass with respect to the
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(net statistical) average acceleration of the surrounding virtual particles of the quantum
vacuum.

10.3 EQUIVALENCE OF MASSAND ENERGY: E=M ¢

One of the most important results of special relativity is the equivalence between mass and
energy. This is represented in perhaps the most famous formulain al of physics: E=Mc2
This formulaimplies that photons carry mass, since they carry energy. Photons are capable
of transferring energy from one location to another, as by solar photons for example. Do
photons really have mass?

You might think that if a particle has energy, it automaticaly has mass; and if a particle
has mass, then it must emit or absorb gravitons (and thus composed of masseons). This
reasoning is based of course, on E=mc’. Einstein derived this formula from his famous
light-box thought experiment (ref. 21). In his thought experiment, a photon is emitted
from a box, causing the box to recoil and thus to change momentum. In quantum field
theory this momentum change is traceable to a fundamental QED vertex, where a electron
(in an atom in the box) emits a photon, and recoils with a momentum equivalent to the
photon’s momentum ‘myc”. Therefore, we can conclude that the photon behaves as if it
has an effective inertid mass ‘m,’ given by: m, = E/c* in Eingtein’s light box. For
simplicity, lets consider a photon that is absorbed by a charged particle like an electron at
rest. The photon carries energy and is thus able to do work. When the photon is absorbed
by the electron with mass ‘m.’, the electron recoils, because there is a definite momentum
transfer to the electron given by myv, where v is the recoil velocity. The electron
momentum gained is equivalent to the effective photon momentum lost by the photon myc.
In other words, the electron momentum ‘mev,e’ received from the photon when the photon
is absorbed is equivalent to the momentum of the photon ‘m,C’, where my, is the effective
photon mass. If this electron later collides with another particle, the same momentum is
transferred. The rest mass of the photon is defined as zero. Thus, the effective photon
mass is a measurable inertial mass.

Note: the recoil of the light box is a backward acceleration of the box, which works
against the virtual particles of the quantum vacuum. Thus, when one claims that a photon
has a real mass, we are really referring to the photon’s ability to impart momentum. This
momentum can later do work in a quantum vacuum inertial process. We will seein section
13.1 that although the photon carries inertial mass (and gravitational mass), it does not
posses any low-level mass charge and does not contain any masseon particles.

Einstein's derivation of E=mc® was unnecessarily complex (ref. 21) because of his
reluctance to utilize results from quantum theory. Although he was one of the founders of
the (old) quantum theory, he remained skeptica about the validity of the theory
throughout his whole career. In EMQG, we treat the energy-mass equivalence as a purely
guantum process, and not as a result of special relativity. Although Einstein derived this
law when he developed special relativity, it can be derived purely from quantum theory.
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As we hinted, the ability of a photon to transfer momentum (and thus carry energy) can be
traced to a QED vertex, where a packet of momentum is transferred from the photon to
an electron. Let us assume that the effective mass of the photon is m.. Furthermore, the
photon has a velocity ¢, momentum p, energy E, a wavelength | , and a frequency n.
Therefore, by using the properties of the photon below (where h is plank’ s constant):

P=mc (from classical physics) (CLASSICAL) (10.31)
c=nl  (definition of frequency and wavelength) (CLASSICAL) (10.32)
E=hn (from Plank’s energy-frequency law) (QUANTUM) (10.33)
| =h/p (from DeBroglie wavelength-momentum law) (QUANTUM) (10.34)

Therefore, ¢/n = h/p = h/(mc) (using 10.32, 10.34, and 10.31).

Thus, c/(E/h) = hi(mc) (using 10.33), or E=mc®. Thus, a very simple derivation of the
energy-mass relationship is possible from gquantum mechanics.

11. GENERAL RELATIVITY, ACCELERATION, GRAVITY AND CA

“The general laws of physics (and gravitation) are to be expressed by equations which hold good for
all systems of coordinates.”
- Albert Einstein

We will see that from the perspective of EMQG, Einstein’s gravitationa field equations
are a set of observer dependent equations for observers that are subjected to gravity
and/or to acceleration. These equations are based on measurable 4D space-time. The core
of Einstein’s theory is the principle of equivaence and the principle of general covariance,
which alow an observer in any state of motion (and coordinate system) to describe gravity
and acceleration. However, CA theory places little significance to an observer unless the
observer interferes with the interaction being measured. In a CA, physical processes
continue without regards to the presence of an observer, where events unfold in absolute
gpace and time. We will reconcile these two different views of gravity later in section 15.
First, we review the general theory of relativity.

POSTULATES OF GENERAL RELATIVITY

Genera relativity is a classica field theory founded on al the postulates and results of
special relativity, as well as on the following new postulates:

(1) PRINCIPLE OF EQUIVALENCE (STRONG) - The results of any given
physical experiment will be precisely identical for an accelerated observer in free
Space as it is for a non-accelerated observer in a perfectly uniform gravitational
field. A weaker form of this postulate states that: objects of the different mass fall at
the samerate of acceleration in a uniform gravity field.
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(2) PRINCIPLE OF COVARIANCE - The general laws of physics can be expressed
in aform that isindependent of the choice of space-time coordinates and the state of
motion of an observer.

As a consequence of postulate 1, the inertidl mass of an object is equivalent to it's
gravitational mass. Einstein uses this principle to encompass gravity and inertia into his
single framework of general relativity in the form of a metric theory of acceleration and
gravity, based on quasi-Riemann geometry.

These postulates, and the additional assumption that when gravitationa fields are present
nearby, space-time takes the form of a quasi-Riemannian manifold endowed with a metric
curvature of the form ds” = g dx' dx!, led Einstein to discover his famous gravitational
field equations given below:

Rk - (1/2) g« R = (8pG/ ¢?) T« Einstein's Gravitationa Field Equations (11.2)

where, gik IS the metric tensor, Rk is the covariant Riemann curvature tensor. The left-hand
side of the above equation is caled the Einstein tensor or Gi, which is the mathematical
statement of space-time curvature that is reference frame independent and generaly
covariant. The right hand side Ty, is the stress-energy tensor which is the mathematical
statement of the specia relativistic treatment of mass-energy density, G is Newton's
gravitational constant, and c the velocity of light.

For comparison purposes, we will now present the EMQG equations (which we will
derive later) for the classica gravitational field where the gravitational field is not too
strong, or too weak:

N - (1) T4/t° = 4pGr(xy,zb) (11.2)

where f represents the classical Newtonian potential in absolute CA space and time units
and r (x,y,z,t) represents the absolute mass density distribution (that can be time varying)
as measured from an observer at relative rest from the center of mass. This is a modified
Poisson’s equation, where the first term corresponds to the Poisson term, and the second
term corresponds to the delay in the propagation of the graviton particles originating from
the mass distribution. In EMQG, al distance units are expressed in absolute cellular
automata space unitsin a 3D rectangular cell grid, and time as a count of the elapsed clock
cycles. In other words, space is measured by counting the number of cells between two
points (cells). Time is measured by counting the number of clock cycles that has elapsed
between two events. The acceleration vector a for an average virtual particle at point
(x,y,2) in CA space from the center of mass can be obtained from the gravitational
potential f at this point by the derivative of the potential as follows:
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a=Nf (1.3
More will be said about this later when EMQG is developed fully.

Einstein’s law of gravitation (eq 11.1) cannot be arrived at by any ‘rigorous proof. The
famous physicist S. Chandrasekhar writes (ref 37):

“... It seems to this writer that in fact no such derivation exists and that, at the present
time, no such can be given. ... It is the object of this paper to show how a mixture of
physical reasonableness, mathematical simplicity, and aesthetic sensibility lead one,
more or less uniquely, to Einstein’ s field equations.”

The principle of equivalence (in its strong form) is incorporated in the above framework
by the assertion that al accelerations that are caused by either gravitational or inertial
forces are metrical in nature. More precisely, the presence of acceleration caused by
either an inertial force or a gravitationa field modifies the geometry of space-time such
that it is a quasi-Riemannian manifold endowed with a metric.

Furthermore, point particles move in gravitational fields along geodesic paths governed by
the equation:

d /d?+ G (d¥ /ds) (dx*/ds) =0 ... Equation for the geodesics (11.4)

The most striking consequence of genera relativity is the existence of curved 4D space-
time specified by the metric tensor gix. We will find that in EMQG theory, the meaning of
the geodesic is very simple; it is the path taken by light or matter through the falling virtual
particles undergoing acceleration, in the absence of any other external forces. We will see
that curvature can be completely understood at the particle level. Furthermore, we will see
that the principle of equivalence is a pure particle interaction process, and not a
fundamental rule of nature. Before we can show this, we must carefully review the
principle of equivalence from the context of general relativity theory.

12. THE PRINCIPLE OF EQUIVALENCE AND GENERAL RELATIVITY

“I have never been able to understand this principle (principle of equivalence) ... | suggest that it be
now buried with appropriate honors.”
- Synge: Relativity- The General Theory

It should be noted that Einstein did not explain the origin of inertia in genera relativity.
Instead he relied on the existing Newtonian theory of inertia. Inertia was described by
Newton in his famous law: F=MA; which states that an object resists being accelerated. A
force (F) is required to accelerate an object of mass (M) to an acceleration (A). Since
acceleration is a form of motion, it would seem that a reference frame is required in order
to gauge this motion. But this is not the case in Newtonian physics. All observers agree as
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to which frame is actualy accelerating by finding out which frames has a force associated
with it. Only non-accelerated frames are relative. Einstein did not elaborate on this
anomaly, or provide a reason why the inertial and gravitation masses are equal. This still
remains as a postulate in his theory. The principle of equivaence has been tested to great
accuracy. The equivalence of inertia and gravitational mass has been verified to an
accuracy of one part in about 10™ (ref 24).

Einstein's general theory of relativity is considered a "classical" theory, because matter,
space, and time are treated as continuous classical variables. It is known however, that
matter is made of discrete particles, and that forces are caused by particle exchanges as
described by quantum field theory. A more complete theory of gravity should encompass a
detailed quantum process for gravity involving particle interactions only. We will return to
both special and genera relativity in later sections, where a completely new interpretation
and formulation of genera relativity is given in the context of EMQG theory.

Inertia ought to be explained at the particle level as well, and should somehow be tied in
to quantum gravity in a deep way according to the principle of equivaence. But, until
recently there has been no adequate explanation for the origin of inertia. The next section
summarizes some recent work on this problem, which has become the basis of EMQG.

13. THE QUANTUM THEORY OF INERTIA

“Under the hypothesis that ordinary matter is ultimately made of subelementary constitutive
primary charged entities or ‘partons bound in the manner of traditional elementary Plank
oscillators, it is shown that a heretofore uninvestigated Lorentz force (specifically, the magnetic
component of the Lorentz force) arises in any accelerated reference frame from the interaction of
the partons with the vacuum electromagnetic zer o-point-field (ZPF). ... The Lorentz force, though
originating at the subelementary parton level, appears to produce an opposition to the acceleration
of material objects at a macroscopic level having the correct characteristics to account for the
property of inertia.”
- B. Haisch, A. Rueda, H. E. Puthoff

According to CA theory, there must be a localized explanation for al globa phenomena
such as acceleration and gravity. Inertia and gravity should originate from the small-scale
particle interactions such that a globa law emerges from the activity. Recall that CA
theory is based on the local rules for the local cellular neighborhood, and these rules are
repeated on a vast scae for al the cells in the universe. Many of our existing physical
theories are general, global principles or genera observations of nature. Both gravity and
inertia have only been described successfully by "classical theories®, applicable on global
scales. In EQMG, both inertia and gravity have a detailed, particle level explanation based
on the local "conditions' at the neighborhood of a given matter particle, and is thus
manifestly compatible with the philosophy of a cellular automata theory and the principle
of locality in specia relativity.

In a recent theory (ref. 5) proposed by Haisch, Rueda, and Puthoff (known here as the
HRP Theory of Inertid), it was shown that inertia comes from the buzz of activity of the
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virtual particles that fills even a perfect vacuum. It is this ever-present sea of energy that
resists the acceleration of mass, and so creates inertia. Thus, they have found the low-level
guantum description of inertia that is manifestly compatible with CA theory. Inertiais now
described as being purely the result of quantum particle interactions. Haisch, Rueda, and
Puthoff have come up with a new verson of Newton's second law: F=MA. As in
Newton's theory, their expression has ‘F for force on the left-hand side and ‘A’ for
acceleration on the right. But in the place of ‘M’, there is a complex mathematical
expression tying inertia to the properties of the vacuum. They found that the fluctuations
in the vacuum interacting with the charge particles of matter in an accelerating mass give
rise to a magnetic field, and this in turn, creates an opposing force to the motion. Thus,
electromagnetic forces (or photon exchanges) is ultimately responsible for the force of
inertial The more massive an object, the more ‘partons’ it contains; and the more partons a
mass contains means more individual (small) electromagnetic forces from the vacuum are
present and the stronger the reluctance to undergo acceleration. But, when a mass is
moving a a constant velocity, inertia disappears, and there is no resistance to motion in
any direction as required by special relativity.

In their theory, inertia is caused by the magnetic component of the Lorentz force which
arises between what the author’s call ‘parton’ particles in an accelerated reference frame
interacting with the background vacuum electromagnetic zero-point-field (ZPF). The
author’s use the old fashion term originated by Feynman called the ‘parton’, which
referred to the elementary constituents of the nuclear particles such as protons and
neutrons. It is now known that Feynman’'s partons are quarks, and that the proton and
neutron each contain three quarks of two types:. caled the ‘up’ and ‘down’ quarks.

We have found it necessary to make a small modification of HRP Inertia theory in our
investigation of the principle of equivalence. In EMQG, the modified version of inertiais
known here as the “Quantum Inertia’, or Ql. In EMQG, a new elementary particle is
required to fully understand inertia, gravitation, and the principle of equivalence. All
matter, including electrons and quarks, must be made of nature’'s most fundamental mass
unit or particle which we call the ‘masseon’ particle. These particles contain one fixed,
fundamental ‘quanta’ of both inertial and gravitational mass. The masseons aso carry one
basic, smallest unit or quanta of electrical charge as well, of which they can be either
positive or negative. Masseons exist in particle or anti-particle form (called anti-masseon),
that can appear at random in the vacuum as masseon/anti-masseon particle pairs of
opposite electric charge. The earth consists of ordinary masseons (no anti-masseons), of
which there are equal numbers of positive and negative eectric charge varieties. The
masseon particle model will be elaborated later. Instead of the ‘parton’ particles (that
make up an inertiadl mass in an accelerated reference frame) interacting with the
background vacuum electromagnetic zero-point-field (ZPF), we postulate that the real
masseons (that make up an accelerated mass) interacts with the surrounding, virtual
masseons of the quantum vacuum, electromagnetically. However, the detailed nature of
this interaction is not known at this time. For example, why is it that for constant velocity
motion the forces add to zero, but when acceleration is introduced the forces add up to
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Newton's inertial force? Since the answers to these questions are not known, we treat the
Quantum theory of Inertia as a postulate of EMQG.

We will see that quantum inertia is deeply connected with the subject of quantum gravity.
EMQG explains why the inertial mass and gravitational mass are identical in accordance
with the weak equivalence principle. The weak equivalence principle trandates to the
simple fact that the mass (m) that measures the ability of an object to produce (or react to)
a gravitationa field (F=GMm/r?) is the same as the inertiadl mass value that appears in
Newton's F=ma. In EMQG, this is not a chance coincidence, or a given fact of nature,
which is assumed to exist, a prior. Instead, equivalence follows from a deeper process
occurring inside a gravitational mass due to interactions with the quantum vacuum, which
are very similar in nature to the interactions involved in inertial mass undergoing
acceleration.

Since this new quantum theory of the inertia has still not been fully developed or
confirmed yet, we raise QI to the level of a postulate. This is assigned as the third
postulate of EMQG theory. The virtual particles of the quantum vacuum can be
considered to be a kind of absolute reference frame for accelerated motion only. This
frame is smply represented as the resultant acceleration vector given by the sum of al the
acceleration vectors of the virtual particles of the quantum vacuum in the immediate
neighborhood of a given charged masseon particle in the accelerated mass. This quantum
vacuum reference frame gauges absolute acceleration. We do not need to measure our
motion with respect to this frame in order to confirm that a mass is accelerated, we simply
need to measure if an inertial force is present. We will see that this new, local quantum
vacuum reference frame resolves Mach's paradox in regards to what reference frame
nature uses to gauge accelerated mass.

13.1 THE BASIC MASS DEFINITIONS IN EMQG

Based on quantum inertia (section 13) and the quantum principle of equivalence (section
15.8) EMQG proposes three different mass definitions for an object, listed below:

(1) INERTIAL MASS is the measurable mass defined in Newton's force law F=MA.
This is considered as the absolute mass in EMQG, because it results from force produced
by the relative (statistical average) acceleration of the charged virtua particles (masseons)
of the quantum vacuum with respect to the charged particles that make up the inertial
mass (masseons). To some extent, the virtual particles of the quantum vacuum forms
Newton’s absolute reference frame. In specia relativity this mass is equivalent to the rest
mass.

(2) GRAVITATIONAL MASS is the measurable mass involved in the gravitational force
as defined in Newton's law F=GM;M/R%. This is what is measured on a weighing scale.
Thisis aso considered as absolute mass, and is (almost) exactly the same as inertial mass.
The same quantum process in inertiais also occurring in gravitational mass (section 15.8).
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(3 LOW LEVEL GRAVITATIONAL ‘MASS CHARGE’ which is the origin of the
pure gravitational force, is defined as the force that results through the exchange of
graviton particles between two (or more) quantum particles (masseons). This type of mass
is analogous to ‘electrica charge’, where photon particles are exchanged between
electrically charged particles. Note: this force is very hard to measure because it is masked
by the background quantum vacuum electromagnetic force interactions, which dominates
over the graviton force processes.

These three forms of mass are not necessarily equal! It turns out (section 15.8) that the
inertial mass is amost exactly the same as gravitational mass, but not perfectly equa. All
guantum mass particles (fermions which are made from masseons) have al three mass
types defined above. But bosons (only photons and gravitons are considered here) have
only the first two mass types. This means that photons and gravitons transfer momentum,
and do react to the presence of inertial frames and to gravitational fields, but they do not
emit or absorb gravitons. Gravitational fields affect photons, and this is linked to the
concept of space-time curvature, described in detail later (Section 16). It is important to
realize that gravitational fields deflect photons (and gravitons), but not by force particle
exchanges directly. Instead, it is due to a scattering process (described | ater).

You might think that if a particle has energy, it automatically has mass, and if a particle
has mass, then it must emit or absorb gravitons. This reasoning is based on Einstein's
famous equation E=mc?, which is derived purely from considerations of inertial mass (and
Einstein’s principle of equivaence extended to gravitational fields). In his famous thought
experiment, a photon is emitted from a box, causing a recoil to the box in the form of a
momentum change, and from this he derives his famous E=mc?. In quantum field theory
this momentum change is traceable to a fundamental QED vertex, where a electron (in an
atom in the box) emits a photon, and recoils with a momentum equivalent to the photon’s
momentum ‘m,c’. We have analyzed Einstein’s thought experiment from the perspective
of EMQG and concluded that the photon behaves as if it has an effective inertial mass ‘my'
given by: m, = E/c? in Einstein’s light box. For simplicity, lets consider a photon that is
absorbed by a charged particle like an electron at rest. The photon carries energy and is
thus able to do work. When the photon is absorbed by the electron with mass ‘m.’, the
electron recoils, because there is a definite momentum transfer to the electron given by
mev, Where v is the recoil velocity. The electron momentum gained is equivalent to the
effective photon momentum lost by the photon m.c. In other words, the electron
momentum ‘myve’ received from the photon when the photon is absorbed is equivaent to
the momentum of the photon ‘m,c’, where m, is the effective photon mass. If this electron
later collides with another particle, the same momentum is transferred. The rest mass of
the photon is defined as zero. Thus, the effective photon mass is a measurable inertial
mass. Note: the recail of the light box is a backward acceleration of the box, which works
against the virtual particles of the quantum vacuum. Thus, when one claims that a photon
has a real mass, we are really referring to the photon’s ability to impart momentum. This
momentum can later do work in a quantum vacuum inertial process.
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Does the photon have an effective gravitational mass? By this we mean; does it behave as
if it carries a measurable gravitational mass in a gravitational field like the earth (as given
by E/c?)? The answer is yes! For example, when the photon moves paralle to the earth’s
surface, it follows a parabolic curve and deflects downwards. You might guess that this
deflection is caused by the graviton exchanges originating from the earth acting on this
photon, and that this deflection is the same as that inside an equivaent rocket accelerating
at 1g. The amount of deflection is equivalent, but according to Einstein this is a direct
result of the space-time curvature near the earth and in the rocket. Our work on the
equivalence principle has shown however, that this is not true. The photon deflection is
caused by a different reason, but ends up giving the same result. In the rocket, the
deflection is simply caused by the accelerated motion of the rocket floor, which carries the
observer with it. This causes the observer to perceive a curved path (described as curved
gpace-time). In a gravitationa field, however, the deflection of light is real, and caused by
the scattering of photons with the downward accelerating virtual particles. The photon
scatters with the charged virtua particles of the quantum vacuum, which are accelerating
downwards (statistically). The photon moving parallel to the surface of the earth
undergoes continual absorption and re-emission by the falling virtua (electrically charged)
particles of the quantum vacuum. The vacuum particles induce a kind of ‘Fizeau-like
scattering of the photons (Note: this scattering is present in the rocket, but does not lead
to photon deflection because only the rocket and observer are accelerated). The photons
are scattered because of the electromagnetic interaction of the photons with the falling
charged virtual particles of the vacuum. Since the downward acceleration of the quantum
vacuum particles is the same as the up-wards acceleration of the floor of the rocket, the
amount of photon deflection is equivalent. Under the influence of a gravitational field,
photons take on the same downward (component) as the accelerating (charged) virtual
particles of the vacuum. This, of course, violates the constancy of the speed of light; which
we will explore further in section 16. For now, one should note that downward
acceleration component is picked up by the photons only during the time the photons are
absorbed by the quantum vacuum particles (and thus exist as charged virtua particles). In
between virtual particle scattering, the photon motion is still strictly Lorentz invariant, and
light velocity is still an absolute constant.

A similar line of reasoning as above applies to the motion of the graviton particle. The
graviton has inertial mass because like the photon, it can transmit a momentum to another
particle when absorbed in the graviton exchange process during a gravitational force
interaction (athough considerably weaker then photon exchanges). Like the photon, the
graviton deflects when moving parallel to the floor of the rocket (from the perspective of
an observer on the floor) and therefore has inertial mass. The graviton aso has a
gravitational mass (like the photon) when it moves paralel to the earth’s surface, where it
deflects under the influence of a gravitational field. Again, the graviton deflection is
caused by the scattering of the graviton particle with the downward acceleration of the
virtua ‘mass-charged’ particles of the quantum vacuum through an identical ‘ Fizeau-like
scattering process described above. Unlike the photon however, the scattering is caused
by the ‘mass charge’ interaction (or pure graviton exchanges) of the quantum vacuum
virtual particles, and not the electric charge as before. The end result is that the graviton
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has an effective gravitationa mass like the photon. Again a graviton does not exchange
gravitons with another nearby graviton, just as a photon does not exchange photons with
other photons.

To summarize, both the photon and the graviton do not carry low level ‘mass charge’,
even though they both carry inertial and gravitational mass. The graviton exchange
particle, although responsible for a maor part of the gravitational mass process, does not
itself carry the property of ‘mass charge'. Contrast this to conventional physics, where the
photon and the graviton both carry a non-zero mass given by M=E/C?. According to this
reasoning, the photon and the graviton both carry mass (since they carry energy), and
therefore both must have ‘mass charge’ and exchange gravitons. In other words, the
graviton particle not only participates in the exchange process, it aso undergoes further
exchanges while it is being exchanged! This is the source of great difficulty for canonical
guantum gravity theories, and causes all sorts of mathematical renormalization problemsin
the corresponding quantum field theory. Furthermore, in gravitationa force interactions
with photons, the strength of the force (which depends on the number of gravitons
exchanged with photon) varies with the energy that the photon carries! In modern physics,
we do not distinguish between inertial, gravitational, or low level ‘mass charge'. They are
assumed to be equivalent, and given a generic name ‘mass . In EMQG, the photon and
graviton carry measurable inertial and gravitational mass, but neither particle carries the
‘low level mass charge’, and therefore do not participate in graviton exchanges.

We must emphasize that gravitons do not interact with each other through force
exchanges in EMQG, just as photons do not interact with each other with force exchanges
in QED. Imagine if gravitons did interact with other gravitons. One might ask how it is
possible for a graviton particle (that always moves at the speed of light) to emit graviton
particles that are also moving at the speed of light. For one thing, this violates the
principles of special relativity theory. Imagine two gravitons moving in the same direction
at the speed of light that are separated by a distance d, with the leading graviton called ‘A’
and the lagging graviton called ‘B’. How can graviton ‘B’ emit another graviton (also
moving at the speed of light) that gets absorbed by graviton ‘A’ moving at the speed of
light? As we have seen, these difficulties are resolved by redizing that there are actualy
three different types of mass. There is measurable inertial mass and measurable
gravitational mass, and low level ‘mass charge’ that cannot be directly measured. Inertial
and gravitationa mass have dready been discussed and arise from different physical
circumstances, but in most cases give identical results. However, the ‘low level mass
charge’ of a particle is defined smply as the force existing between two identical particles
due to the exchange of graviton particles only, which are the vector bosons of the
gravitational force. Low level mass charge is not directly measurable, because of the
complications due to the electromagnetic forces smultaneoudly present from the quantum
vacuum virtual particles.

It would be interesting to speculate what the universe might be like if there were no

guantum vacuum virtua particles present. Bearing in mind that the graviton exchange
process is amost identical to the photon exchange process, and bearing in mind the
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complete absence of the electromagnetic component in gravitationa interactions, the
universe would be a very strange place. We would find that large masses would fall faster
than smaller masses, just as a large positive eectric charge would ‘fall’ faster then a small
positive charge towards a very large negative charge. There would be no inertia as we
know it, and basically no force would be required to accelerate or stop alarge mass.

14. APPLICATIONS OF QUANTUM INERTIA: MACH’S PRINCIPLE

“... it does not matter if we think of the earth as turning round on its axis, or at rest while the fixed
stars revolve around it ... The law of inertia must be so conceived that exactly the same thing results
from the second supposition as from the first.”

E. Mach

Ernst Mach (ca 1883) proposed that the inertial mass of a body does not have any
meaning in the absence of the rest of the matter in the universe. In other words,
acceleration requires some other reference frame in order to determine accelerated motion.
Thus, it seemed to Mach that the only reference frame possible was that of the average
motion of all the other masses in the universe. This implied to Mach that the acceleration
of an object must somehow be dependent on the sum total of all the matter in the universe.
To Mach, if al the matter in the universe were removed, the acceleration, and thus the
force of inertia would completely disappear since no reference frame is available to
determine the actual acceleration.

A spinning elastic sphere bulges at the equator due to the centrifugal force. The question
that Mach asked was how does the sphere ‘know’ that it is spinning, and therefore must
bulge. If all the matter in the universe was removed, how can we be sure that it really
rotates? Therefore, how would the sphere ‘know’ that it must bulge or not? Newton's
answer would have been that the sphere somehow felt the action of Newtonian absolute
space. Mach believed that the sphere somehow ‘feels the action of al the cosmic masses
rotating around it. To Mach, centrifugal forces are somehow gravitational in the sense that
it is the action of mass on mass. To Newton, the centrifugal force is due to the rotation of
the sphere with respect to absolute space. To what extent that Einstein’s general theory of
relativity incorporates Mach's ideas is still a matter of debate (ref. 38). EMQG (through
the quantum inertia principle) takes a smilar view as Newton, where Newton’'s absolute
gpace is replaced by the virtual particles of the vacuum. Mach was never unable to develop
afull theory of inertia based on his idea of mass affecting mass.

Mach’sideas on inertia are summarized as follows:

(1) A particle's inertia is due to some (unknown) interaction of that particle with al the
other masses in the universe.

(2) The loca standards of non-acceleration are determined by some average vaue of the
motion of al the massesin the universe.

(3) All that mattersin mechanicsis the relative motion of al the masses.
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Quantum inertia theory fully resolves Mach’'s paradox by introducing a new universal
reference frame for gauging acceleration: the net statistical average acceleration vector of
the virtual particles of the quantum vacuum with respect to the accelerated mass. In other
words, the cause of inertia is the interaction of each and every particle with the quantum
vacuum. Inertial force actualy originates in this way. It turns out that the distant stars do
affect the local state of acceleration of our vacuum here through the long-range
gravitation force. Thus, our local inertia frame is dightly affected by all the masses in the
distant universe. However, in our solar system the local gravitational bodies swamp out
this effect. (This long-range gravitational force is transmitted to us by the graviton
particles that originate in al the matter in the universe, which will distort our local net
statistical average acceleration vector of the quantum virtual particles in our vacuum with
respect to the average mass distribution). Thus, it seems that Mach was correct in saying
that acceleration here depends somehow on the distribution of the distant stars (masses) in
the universe, but the effect he predicted is minute.

141 MORE APPLICATIONS OF QI: NEWTON’S LAWS OF MOTION

We are now in a position to understand the quantum nature of Newton’s classical laws of
motion. According to the standard textbooks of physics (ref. 19) Newton’s three laws of
laws of motion are:

1. An object at rest will remain at rest and an object in motion will continue in
motion with a constant velocity unlessit experiences a net external force.

2. The acceleration of an object is directly proportional to the resultant force acting
on it and inversely proportional to its mass. Mathematically: SF = ma, where ‘F’
and ‘a’ arethevectorsof each of the forces and accelerations.

3. If two bodies interact, the force exerted on body 1 by body 2 is equal to and
opposite the force exerted on body 2 by body 1. Mathematically: Fi, = -F»;.

Newton’s first law explains what happens to a mass when the resultant of all external
forceson it is zero. Newton's second law explains what happens to a mass when thereisa
nonzero resultant force acting on it. Newton’s third law tells us that forces always comein
pairs. In other words, a single isolated force cannot exist. The force that body 1 exerts on
body 2 is called the action force, and the force of body 2 on body 1 is called the reaction
force.

In the framework of EMQG theory, Newton's first two laws are the direct consequence of
the (electromagnetic) force interaction of the (charged) elementary particles of the mass
interacting with the (charged) virtual particles of the quantum vacuum. Newton’s third law
of motion is the direct consequence of the fact that all forces are the end result of a boson
particle exchange process.
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Newton’s First Law of Motion:

In EMQG, the first law is a trivia result, which follows directly from the quantum
principle of inertia (postulate #3). First a mass is at relative rest with respect to an
observer in deep space. If no external forces act on the mass, the (charged) elementary
particles that make up the mass maintain a net acceleration of zero with respect to the
(charged) virtual particles of the quantum vacuum through the electromagnetic force
exchange process. This means that no change in velocity is possible (zero acceleration)
and the mass remains at rest. Secondly, a mass has some given constant velocity with
respect to an observer in deep space. If no external forces act on the mass, the (charged)
elementary particles that make up the mass also maintain a net acceleration of zero with
respect to the (charged) virtual particles of the quantum vacuum through the
electromagnetic force exchange process. Again, no change in velocity is possible (zero
acceleration) and the mass remains at the same constant velocity.

Newton’s Second Law of Motion:

In EMQG, the second law is the quantum theory of inertia discussed above. Basically the
state of relative acceleration of the charged virtual particles of the quantum vacuum with
respect to the charged particles of the massis what is responsible for the inertial force. By
this we mean that it is the tiny (electromagnetic) force contributed by each mass particle
undergoing an acceleration ‘A’, with respect to the net statistical average of the virtual
particles of the quantum vacuum, that results in the property of inertia possessed by all
masses. The sum of al these tiny (electromagnetic) forces contributed from each charged
particle of the mass (from the vacuum) is the source of the total inertial resistance force
opposing accelerated motion in Newton's F=MA. Therefore, inertial mass ‘M’ of a mass
simply represents the total resistance to acceleration of all the mass particles.

Newton’s Third Law of Motion:

According to the boson force particle exchange paradigm (originated from QED) all
forces (including gravity, as we shal see) result from particle exchanges. Therefore, the
force that body 1 exerts on body 2 (called the action force), is the result of the emission of
force exchange particles from (the charged particles that make up) body 1, which are
readily absorbed by (the charged particles that make up) body 2, resulting in aforce acting
on body 2. Similarly, the force of body 2 on body 1 (called the reaction force), is the result
of the absorption of force exchange particles that are originating from (the charged
particles that make up) body 2, and received by (the charged particles that make up) body
1, resulting in a force acting on body 1. An important property of charge is the ability to
readily emit and absorb boson force exchange particles. Therefore, body 1 is both an
emitter and also an absorber of the force exchange particles. Smilarly, body 2 is also both
an emitter and an absorber of the force exchange particles. This is the reason that there is
both an action and reaction force. For example, the contact forces (the mechanical forces
that Newton was thinking of when he formulated this law) that results from a person
pushing on a mass (and the reaction force from the mass pushing on the person) is really
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the exchange of photon particles from the charged electrons bound to the atoms of the
person’s hand and the charged electrons bound to the atoms of the mass on the quantum
level. Therefore, on the quantum level there is redlly is no contact here. The hand gets
very close to the mass, but does not actualy touch. The electrons exchange photons
among each other. The force exchange process works both directions in equal numbers,
because dl the electrons in the hand and in the mass are electrically charged and therefore
the exchange process gives forces that are equal and opposite in both directions.
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15. ELECTRO-MAGNETIC QUANTUM GRAVITY

“All (the universe) is numbers’
- Pythagoras

“Subtleisthelord...”
- Einstein

151 INTRODUCTION

EMQG theory is now developed fully. We have found that both Special and Generdl
Relativity must be modified to be compatible with EMQG theory. Gravity is one of the
four basic forces of nature. The highly successful standard model of particle physics does
not account for gravity. The standard model addresses the electromagnetic, weak and
strong nuclear forces within the framework of quantum field theory. In quantum field
theory, forces are thought to originate as the exchange of force particles (vector bosons)
which are represented by the quanta of the associated classical field. In EMQG, it is found
that two fundamental particle exchange processes are responsible for gravity; one particle
exchange being very familiar, while the second particle exchange type has been postul ated
but not yet been successfully detected. The particles involved are the photon and graviton
exchange particles. We will see that the in EMQG, the photon and the graviton are almost
identical in their physical properties, except for their relative strengths. The particle
exchange process (in genera) fits very well into the general framework of CA theory
without much modification. The boson acts like the go between particle, shifting from cell
to cell until it is absorbed by a destination particle. This transfers an acceleration (or force)
without action at a distance. We will now examine the nature of forces as particle
exchanges on the CA in more detail.

152 FORCES, PARTICLE EXCHANGES, AND CA THEORY

The theory that best describes the quantization of the electromagnetic force field is called
Quantum Electrodynamics (QED). Here the charged particles (electrons, positrons) act
upon each other through the exchange of force particles, which are caled photons. The
photons represent the quantization of the classical electromagnetic field. In classical
electromagnetic theory, the force due to two charged particles decreases with the inverse
square of their separation distance (Coulomb’ sinverse square law: F = kau0/r?, where k is
a constant, ¢, and ¢, are the charges, and r is the distance of separation). QED accounts
for this inverse square law by postulating the exchange of photons between the charged
particles. The number of photons emitted and absorbed by a given charge (per unit of CA
time) is fixed and is called the charge of the particle. Thus, if the charge doubles, the force
doubles because twice as many photons are exchanged during the force interaction. This
force interaction process causes the affected particles to accelerate either towards or away
from each other depending on if the charge is positive or negative (because different
charges transmit photons with dightly different wave functions). Certain known cellular
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automata roughly exhibit behaviors like this. For example, in the famous 2D geometric CA
caled Conway’s game of life there exist a large variety of CA patterns types generaly
called ‘guns. They are constantly emitting a steady stream of ‘gliders as they travel
through CA space. This emission process is constant without any degradation to the
origina gun pattern. This resembles the property possessed by and electron called electric
charge, where photons are constantly emitted without any degradation or change to the
electron.

The strength of the electromagnetic force varies as the inverse square of the distance of
separation between the charges in the following way: each charge sends and receives
photons from every direction. But, the number of photons per unit area, emitted or
received, decreases by the factor 1/4pr? (the surface area of a sphere for a 3D geometric
CA) at adistance ‘r’ due to the photon emission pattern spreading in al directions. Thus,
if the distance doubles, the number of photons exchanged decreases by a factor of four.
This process can easily be visuaized on a 3D geometric CA. Imagine that an electron
particle is at the center of a sphere sending out virtual photons in all directions. Imagine
that another electron is on the surface of a sphere at a distance ‘r’ from the emitter, which
absorbs some of these photons. The absorption of these photons causes an outward
acceleration, and thus a repulsive force. If the charge is doubled on the central electron,
there is twice as many photons appearing at the surface of the sphere, and twice the force
acting on the other electron. This accounts for the linear product of charge terms in the
numerator of the inverse square law. In QED, photons do not interact with each other
(through force exchanges). As aresult, in-going and out-going photons do not affect each
other during the exchange process, by the exchange of force particles.

Someone that is not fully versed in modern quantum field theory may question why two
oppositely charged particles can be attracted to each other, while each is absorbing an
exchange particle. On face value, classical thinking would imply that the momentum
transfer would cause the particles to aways move apart! The typica QED textbooks
‘explain’ this fact by the mathematics of momentum transfer at the vertices of the
associated Feynman fundamental process. Certainly, classical models cannot explain this
process, nor can classical models explain why photons are constantly emitted without
degradation to the original electron, smply because al that is involved is a purely
numerical CA process. We speculate that in the context of CA theory, the constant
emission of photons (which mantains the charge of a particle) happens without
degradation of the original electron pattern. This is possible because the original electron
isa‘numeric’ pattern which can remain stable indefinitely during this emission process (we
have seen CA counterparts to this process in the familiar ‘Game of Life CA). Similarly,
we speculate that the absorption of vector boson information patterns alters the internal
state of the numeric pattern in such away as to change the state of motion of that pattern
(or causes acceleration). We believe that there must be a lot of hidden activity in the
Feynman fundamental vertices of QED, and that the details are hidden from the physicist
because of the purely numeric aspect of this process. In fact, in ‘Conway’s game of life’,
we discovered a CA pattern that is called a ‘loop’ which evolves into something
resembling a two particle exchange process. Two larger internal oscillating CA patterns
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are seen to move apart while ‘glider’ particles (which are small, high-speed oscillating
patterns reminiscent of photons) are exchanged. This pattern is something like a CA
prototype pattern of a particle exchange process leading to a force. However, we found
that this is not a perfect model, because the gliders are not emitted in every direction.
Also, the particle exchange gives a constant velocity outward motion (and not accelerated
motion as required). To date, no one has found a perfect particle exchange process that
looks identical to real physical particles in any Cellular Automata ssimulations. However,
we believe that something like this is happening on the plank scale in rea particle
exchanges in our universe.

153 GRAVITATION ORIGINATES FROM GRAVITON EXCHANGES

For gravitational forces, it is experimentally observed that the force originating from two
particles possessing mass decreases with the inverse square of their separation distance,
and is given by Newton’s inverse square law: F = Gmymy, r?, where G is the gravitational
constant, m; and m, are the masses, and r is the distance of separation. For
electromagnetic forces, it is also experimentally observed that the force originating from
two particles possessing charge also decreases with the inverse square of their separation
distance, and is given by Coulomb’s inverse square law: F = ka0 ; r’, where Kk is
Coulomb’s constant, ¢, and g, are the masses, and r is the distance of separation. It can be
seen that the two force laws are very similar in form. QED theory accounts for Coulomb’s
law by the photon exchange process. Following the lead from the highly successful QED,
EMQG postulates that we replace the concept of electrical ‘charges exchanging ‘ photons
with the idea that ‘mass charges exchange gravitons. Hence, gravitational mass at a
fundamenta level is smply the ability to emit or absorb gravitons, and pure low-level
gravitational massis interpreted as ‘ mass charge'.

For gravity there are gravitons instead of photons, which are the force exchange particles
of gravity. Like charge, it is the property called mass-charge that determines the number of
exchange gravitons. The larger the mass, the greater the number of gravitons exchanged.
Like electromagnetism, the strength of the gravity force decreases with the inverse square
of the distance. This conceptual framework for quantum gravity has been around for some
time now, but how are we to merge these simple ideas to be compatible with the
framework of genera reativity? We must be able to explain the Einstein's Principle of
Equivalence and the physical connection between inertia, gravity, and curved space-time
al within the general framework of graviton particle exchange. General Relativity is based
on the idea that the forces experienced in a gravitational field and the forces due to
acceleration are equivalent, and both are due to the space-time curvature.

In classical electromagnetism, if a charged particle is accelerated towards an opposite
charged particle, the rate of acceleration depends on the electrical charge vaue. If the
charge is doubled, the force doubles, and the rate of acceleration is doubled. If quantum
gravity were to work in the exact same way, we would expect that the rate of acceleration
of amass near the earth would double if the mass doubles. The reason for this expectation
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is that the exchange process for gravitons should be very similar to electromagnetism. In
other words, if the ‘mass-charge’ is doubled, the gravitationa force is doubled. The only
difference between the two forces is that gravity is alot weaker by afactor of about 10,
The weakness of the gravitational forces might be attributed either to the very small
interaction cross-section of the graviton particle as compared to the photon particle, or to
a very weak coupling constant (the absorption of a single graviton causing a minute
amount of acceleration), or both.

Unfortunately, if the graviton exchange process worked exactly like QED, it would not
reproduce the known nature of gravity. First, there is the problem of variation of mass
with velocity as described by special rdativity as m= mo (1-v¥c?) ™2 . At face vaue, this
would mean that the number of gravitons exchanged depends on velocity of the
gravitational mass, which does not easily fit into the framework of a QED approach to
guantum gravity. Secondly, if two masses are sitting on a table with mass ‘M’ and mass
‘2M’, the forces againgt the tabletop varies with the mass, just as you would expect in a
QED-like exchange of graviton particles. If the mass doubles, the force on the table
doubles. Yet, the rate of acceleration is the same for these two masses in free fall. Why?
Since twice the number of gravitons is exchanged under mass ‘2M’, you would expect
twice the force, and therefore mass ‘2M’ would arrive early. Matter has inertia, and this
complicates everything. In amost al quantum gravity theories inertia appears as a separate
process that is ‘tacked’ on in an ad hoc manner. The principle of equivalence merely raises
this relationship between inertia and gravitation to the status of a postulate asin Einstein’s
theory of general relativity.

All test masses accelerate at the same rate (g=9.8 m/sec? on the earth) no matter what the
value of the test mass is. This is a direct consequence of the principle of equivalence.
Mathematically, this follows from Newton's two different force laws: inertia and gravity
asfollows:

F=ma ... (Inertial force) (15.31)

F,=GmM /r* .. (Gravitational force) (15.32)

In free fall, an object (mass m) in the presence of the earth's pull (mass M) is force free,
i.e. | = F,. Note that the same mass value ‘m’ appears in the two mass definition formulas
(for some mysterious reason) for equations 15.31 and 15.32.

Therefore, ma=GmM/r* or a= GM/ r? ..... Equivaence Principle (15.33)

From equation 15.33, we see that the rate of acceleration does not depend on the test
mass m. All test masses accelerate at the same rate. Thus, inertia and gravity are intimately
connected in a deep way because the measure of mass m is the same for acceleration as for
gravity. What is mass? In EMQG, gravitational mass originates from a low-level graviton
exchange process originating from ‘mass charge’, where there the emission rate is
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constant. In fact, mass is quantized in exactly the same way as electric charge in QED.
(There exists a fundamental unit of mass charge that is carried by the masseon particle, the
lowest quanta of mass).

Recall the new quantum theory for inertia given in the previous section. We have found an
explanation for inertia based on low-level quantum processes. The quantum source of the
force of inertia is the resistance to acceleration offered by the virtual electricaly charged
particles of the quantum vacuum. What is unique about EMQG theory, is that the same
virtual electricaly charged particle processes are aso present near a large gravitationa
mass. It is the interactions of these electrically charged virtua particles with the real
electrically charged particles in the mass that accounts for the bulk of the gravitational
force, and for the principle of equivalence. Yet we have retained the same simple QED
type model for the fundamenta low-level gravitationa interactions through the graviton
exchange process.

This new quantum theory of gravity is caled EMQG or Electro-Magnetic Quantum
Gravity, primarily because gravity involves a strong electromagnetic component. It is
based on the four postulates of section 15.6 (these four postulates should be derivable
from the low-level quantum descriptions of electromagnetic photon exchanges and
graviton exchanges in the future, but at this time this is not fully developed). We shall
accept these postulates, and examine the consequences. Before we do this, we must first
characterize the masseon particle, which is required to fully understand the principle of
equivalence.

154 THEPHYSICAL PROPERTIES OF THE MASSEON PARTICLE

In order to understand the principle of equivalence on the quantum level, we must
postulate the existence of a new elementary particle. This particle is the most elementary
form of matter or anti-matter, and carries the lowest possible quanta of low level
gravitational ‘mass charge’. This elementary particle is called the masseon particle (and
also comes as anti-masseons, the corresponding anti-particle). The masseon is postulated
to be the most elementary mass particle and readily combines with other masseons through
a new, unknown hypothetical force coupling which we call the *primal force'. Presumably,
the prima force comes in positive and negative ‘prima charge’ types. The proposed
mediator of this force is called the ‘primon’ particle. Since the masseon has not yet been
detected, we can safely assume that the primal force is very strong. It is not necessary to
understand the exact nature of the primal force to achieve the important results of EMQG.
Suffice it to say that the primal force binds together masseon particles to make all the
known fermion particles of the standard model. The masseon carries the lowest possible
guanta of positive gravitational ‘mass charge’. Low level gravitational ‘mass charge’ is
defined as the (probability) fixed rate of emission of graviton particles in close analogy to
electric charge in QED. Recall that the graviton is the vector boson of the pure
gravitational force. Gravitational ‘mass charge’ is a fixed constant in EMQG, and is
analogous to the fixed electrical charge concept. Gravitational ‘mass charge’ is not



governed by the ordinary physical laws of observable mass, which appear as ‘m’ in the
various physical theories. Thisincludes Einstein’s special relativity theory:

E=mc? or m = mo (1 - v¥/c?)™? (15.41)

This is why we call it gravitational ‘mass charge’ or sometimes called the low-level mass
of a particle, and this should not be confused with the ordinary observable inertial or
observable gravitationa mass. It will be assumed that when the low level mass is used in
this paper, we are talking about the low level gravitationa ‘mass charge’ property of a
particle, and the associated graviton exchange process.

Masseons smultaneously carry a positive gravitational ‘mass charge’, and either a positive
or negative electrical charge (defined exactly as in QED). Therefore, masseons aso
exchange photons with other masseon particles. It is important to note that the graviton
exchange process is responsible for the low-level gravitationa interaction only, which is
not directly accessible to our measurements (as we will see later), and is also masked by
the presence of the electromagnetic force component in all gravitationa measurements.
Masseons are fermions with half integer spin, which behave according to the rules of
qguantum field theory. Gravitons have a spin of one (not spin two, as is commonly
thought), and travel at the speed of light. This paper addresses the gravitational and
electromagnetic force interactions only, and the strong and weak nuclear forces are
ignored here. Presumably, masseons also carry the strong and weak ‘nuclear charge’ as
well.

Anti-masseons carry the lowest quanta of negative gravitational ‘mass charge’. Anti-
masseons aso carry either positive or negative electrical charge, with electrical charge
being defined according to QED. An anti-masseon is aways created with ordinary
masseon in a particle pair as required by quantum field theory (specificaly, the Dirac
equation). In EMQG, the anti-masseon is the negative energy solution of the Dirac
equation for a fermion, where now the mass is taken to be ‘negative’ as well. Ordinarily,
the standard model requires that the mass of any anti-particle is aways positive, in order
to comply with the principle of equivalence, or Mi=My. In EMQG, the principle of
equivalence is not taken to be an absolute law of nature, and is definitely grossly violated
for anti-particles (for reasons that will become clear in section 15.4). The anti-particles
have positive inertia mass and negative gravitational mass, or Mi=-My.

Thus, a beautiful symmetry exists between EMQG and QED for gravitational and
electromagnetic forces. The masseon-graviton interaction becomes amost identical to the
electron-photon interaction. There are only two differences between these forces. First,
the ratio of the strength of the electromagnetic over the gravitational forcesis on the order
of 10 . Secondly, there exists a difference in the nature of attraction and repulsion
between positive and negative gravitationa ‘ mass-charges (as detailed in the table #1 and
2).
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In QED, the quantum vacuum as awhole is el ectrically neutral because the virtual electron
and positron (negative electron) particles are always created in particle pairs with equal
numbers of positive and negative electrical charge. In EMQG, the quantum vacuum is also
gravitationally neutral for the same reason. At any given instant of time, there is a 50-50
mixture of virtual gravitational ‘mass charges, which are carried by the virtual masseon
and anti-masseon pairs. These masseon pairs are created with equal and opposite
gravitational ‘mass charge’. This is the reason why the cosmological constant is zero (or
very close to zero). Half the graviton exchanges between quantum vacuum particles result
in attraction, while the other half result in repulsion. To see how this works, we will
closely examine how masseons and anti-masseons interact.

The following tables summarize the fundamental electron and masseon force interactions:

TABLE#1 EMQG MASSEON - ANTI-MASSEON GRAVITON EXCHANGE

(DESTINATION)

(SOURCE) MASSEON ANTI-MASSEON
MASSEON attract attract
ANTI-MASSEON repel repel

TABLE#2 QED ELECTRON - ANTI-ELECTRON PHOTON EXCHANGE

(DESTINATION)

(SOURCE) ELECTRON ANTI-ELECTRON
ELECTRON repel attract
ANTI-ELECTRON attract repel

In QED, if the source particle is an electron, it emits photons whose wave function
induces repulsion when absorbed by a destination electron, and induces attraction when
absorbed by a destination anti-electron. Similarly, if the source is an anti-electron, it emits
photons whose wave function induces attraction when absorbed by a destination electron,
and induces repulsion when absorbed by a destination anti-electron.

In EMQG, if the source particle is a masseon, it emits gravitons whose wave function
induces attraction when absorbed by a destination masseon, and induces attraction when
absorbed by a destination anti-masseon. If the source is an anti-masseon, it emits gravitons
whose wave function induces repulsion when absorbed by a destination masseon, and
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induces repulsion when absorbed by a destination anti-masseon. This subtle difference in
the nature of graviton exchange process is responsible for some mgjor differences in the
way that low-level gravitationa ‘mass charge’ and the electrical charges operate.

It is convenient to think of the photon as occurring in photon and anti-photon varieties
(the photon is its own anti-particle). Similarly, the graviton comes in graviton and anti-
graviton varieties. Thus, we can say that the masseons emit gravitons, and anti-masseons
emit anti-gravitons. The absorption of a graviton by either a masseon or anti-masseon
induces attraction. The absorption of an anti-graviton by either a masseon or anti-masseon
induces repulsion. Similarly, we can say the electrons emit photons and anti-electrons emit
anti-photons. The absorption of a photon by an electron induces repulsion, and the
absorption of a photon by an anti-electron induces attraction. The absorption of an anti-
photon by an electron induces attraction, and the absorption of an anti-photon by an anti-
electron induces repulsion.

155 THE QUANTUM VACUUM AND VIRTUAL MASSEON PARTICLES

What virtual particles are present in the quantum vacuum? In QED, it is virtual electrons
and anti-electrons (and virtual muons and tauons), along with the associated virtual
photons. In the standard model of particle physics the quantum vacuum consists of all
varieties of virtual fermion and virtual boson particles representing the known virtual
matter and virtual force particles, respectively. This includes virtua electrons, virtual
quarks, virtual neutrinos for fermions, and virtual photons, virtua gluons, and virtual W
and Z bosons for the bosons. In EMQG, we restrict ourselves to the study of gravity and
electromagnetism. Therefore, the EMQG quantum vacuum consists of the virtual
masseons and virtual anti-masseons, and the associated virtual photons and virtual
graviton particles (sometimes, virtual masseon combine to form virtual electrons, etc).
Recall that ordinary matter consists only of real masseons bound together in certain
combinations to form the familiar elementary particles. We now ask how the virtual
electrons/positrons of the QED vacuum behave in the vicinity of areal electrical charge.
We want to compare this with virtual masseon and virtual anti-masseon near a large real
mass-charge like the earth in our EMQG formulation.

First, we review how the QED quantum vacuum is affected by the introduction of a redl
negative electrica charge. According to QED, the nearby virtual particle pairs become
polarized around the central charge. This means that the virtual electrons of the quantum
vacuum are repelled away from the central negative charge, while the virtual positrons are
attracted towards the central negative charge. Thus for real electrons the vacuum
polarization produces charge screening, which reduces the charge of area electron, when
measured over relatively long distances. According to QED, each electron is surrounded
by a cloud of virtual particles that winks in and out of existence in pairs lasting a tiny
fraction of a second, and this cloud is always present and acts like an electrical shield
against the real charge of the electron. Recently, a team of physicists led by D. Koltick of
Purdue University in Indiana reported that charge screening of an electron has been
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observed (ref. 33) experimentally at the KEK collider. They fired high-energy particles at
electrons and found that the effect of this cloud of virtual particles was reduced the closer
a high-energy particle penetrated towards the electron. They report that the effect of the
higher charge for an electron that has been penetrated by particles accelerated to an energy
58 gigaelectron volts, was equivalent experimentally to a fine structure constant of
1/129.6. This agreed well with their theoretical prediction of 1/128.5.

Next we study how the EMQG quantum vacuum is affected by the introduction of alarge
mass. According to EMQG, the quantum vacuum virtual masseon particle pairs are not
polarized near a large mass, as we found for electrons (as can be seen from table #1
above). The virtual masseon and anti-masseon pairs are both attracted towards the mass.
This lack of polarization which results is the main difference between electromagnetism
and gravity. A large gravitational mass (like the earth) does not produce vacuum
polarization of virtual particles. In gravitationa fields, all the virtual masseon and virtual
anti-masseon particles of the vacuum have a net average statistical acceleration directed
towards a large mass, and produces a net inward (acceleration vectors only) flux of
guantum vacuum virtual masseon/anti-masseon particles that can, and do affect other
masses placed nearby. In contrast to this, an electricaly charged object does produce
vacuum polarization in QED; where the positive and negative electric charges accelerates
towards and away, respectively from the charged object. Hence, there is no energy
contribution to other electrical test charges placed nearby (from the vacuum particles
only), because the charged vacuum particles contributes equal amounts of force
contributions from both directions.

We will see that in gravitational fields like the earth, the lack of vacuum polarization is
responsible for the weak equivalence principle. This is because the electrically charged
guantum vacuum masseons/anti-masseon particles can act in unison against a test mass
dropped on the earth. Had there been vacuum polarization for masseons, the vacuum
particles would act in the two opposite directions, and hence no net vacuum action would
result against atest mass. Now we are in a position to state the basic postulates of EMQG
theory.

156 THEBASIC POSTULATES OF EMQG

We expect that when EMQG theory becomes more fully developed at a future date, some
or all these postulates might be proven from the basic principles of quantum field theory
(perhaps with the exception of postulates 1 and perhaps 2). Notice that we did not include
the principle of equivalence as one of our postulates. This is because equivalence is not a
fundamenta principle. Instead equivalence is smply a consequence of quantum particle
interactions, from which we will derive in section 15.8. The basic postulates of EMQG
are:
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POSTULATE#1: CELLULARAUTOMATA

The universe is a vast cellular automata computation, which has an inherently quantized
absolute 3D space consisting of ‘cells, and absolute time (section 3). The numeric
information in a cell changes state through the action of the numeric content of the
immediate neighboring cells (26 neighbors) and the local mathematical rules, which are
repeated for each and every cell. The action of absolute time (through ‘clock cycles')
synchronizes the state transition of al the cells. The number of ‘clock cycles elapsed
between two different numeric states signifies the amount of absolute time elapsed. The
cells are interconnected (mathematically) to form a simple 3D geometric CA (section 3).
Matter, forces, and motion are the end result of information changing in the cells as
absolute time progresses. Gravity, motion, and any other physical process do not affect
low-level absolute 3D space and absolute time in any way. Photons propagate in the
simplest possible manner on the CA, they shift from cell to adjacent cell on each and every
‘clock cycl€e, inagiven direction. This rate represents the maximum speed that information
can be moved on the CA cycle’ (section 9). The quantization scale is not known yet, but
must be much finer then the Plank Scale of distance and time (section 4.2).

POSTULATE #2: GRAVITON-MASSEON PARTICLES

The masseon is the most elementary form of matter (or anti-matter), and carries the lowest
possible quanta of low level, gravitationa ‘mass charge’. The masseon carries the lowest
possible quanta of positive gravitational ‘mass charge’, where the low level gravitational
‘mass charge’ is defined as the (probability) fixed rate of emission of graviton particles in
close analogy to electric charge in QED. Gravitationa ‘mass charge' is a fixed constant
and analogous to the fixed electrical charge concept. Gravitationa ‘mass charge’ is not
governed by the ordinary physica laws of observable mass, which appear as ‘m’ in the
various physical theories, including Einstein’s special relativity mass-velocity relationship:
E=mc? or m = m, (1 - v%/c?) ™% Masseons simultaneously carry a positive gravitational
‘mass charge’, and either a positive or negative electrical charge (defined exactly as in
QED). Therefore, masseons also exchange photons with other masseon particles.
Masseons are fermions with half integer spin, which behave according to the rules of
guantum field theory. Gravitons (which are closely analogous to photons) have a spin of
one (not spin two, as is commonly thought), and travel at the speed of light. Anti-
masseons carry the lowest quanta of negative gravitational ‘mass charge’. Anti-masseons
also carry either positive or negative electrical charge, with electrical charge being defined
according to QED. An anti-masseon is always created with an ordinary masseon in a
particle pair as required by quantum field theory (specificaly, the Dirac equation). The
anti-masseon is the negative energy solution of the Dirac equation for a fermion, where
now the mass is taken to be ‘negative’ as well, in clear violation of the principle of
equivalence. Another important property exhibited by the graviton particle is the principle
of superposition. This property works the same way as for photons. The action of the
gravitons originating from al sources acts to yield a net vector sum for the receiving
particle. EMQG treats graviton exchanges by the same successful methods developed for
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the behavior of photons in QED. The dimensionless coupling constant that governs the
graviton exchange process is what we cal ‘b’ in close anadogy with the dimensionless
coupling constant ‘a‘ in QED, where b » 10% a.

POSTULATE #3: QUANTUM THEORY OF INERTIA

The property which Newton called the inertial mass of an object, is caused by the
resistance to acceleration of al the individual, electricaly charged masseon particles that
make up the mass. This resistance force is caused by the electromagnetic force interaction
(where the details of this process are unknown at this time) occurring between the
electrically charged virtual masseon/anti-masseon particle pairs created in the surrounding
guantum vacuum, and all the real masseons particles making up the accelerated mass.
Therefore inertia originates in the photon exchanges with the electrically charged virtual
masseon particles of the quantum vacuum. The total inertial force F of a mass is smply
the sum of al the little forces f, contributed by each of the individual masseons, where the
sumis. F = (Sfp) = MA (Newton’'s law of inertia).

POSTULATE #4: PHOTON FIZEAU-LIKE SCATTERING IN THE VACUUM

Photons have an absolute, fixed velocity resulting from its special motion on the CA,
where photons simply shift from cell to adjacent cell on every CA ‘clock cycle’ (section
9). This ‘low level’ photon velocity (measured in CA absolute space and time units) is
much higher (by an unknown amount) than the observed light velocity (300,000 km/sec).
This is because photons travelling in the vacuum (in an inertia frame) takes on a path
through the quantum vacuum, that is the end result of a vast number of electromagnetic
scattering processes with the surrounding electrically charged virtual particles. Each
scattering process introduces a small random delay in the subsequent remission of the
photon, and results in a cumulative reduction in the velocity of photon propagation. Real
photons that travel near a large mass like the earth, takes on a path through the quantum
vacuum that is the end result of a large number of electromagnetic scattering processes
with the faling (statistical average) electrically charged virtual particles of the quantum
vacuum. The resulting path is one where the photons maintain a net statistical average
acceleration of zero with respect to the electrically charged virtual particles of the
guantum vacuum, through a process that is very similar to the Fizeau scattering of light
through moving water. Through very frequent absorption and re-emission (which
introduces a small delay) by the accelerated charged virtua particles of the quantum
vacuum, the apparent light velocity assumes an accelerated value with respect to the
center of mass in absolute CA space and time units. (The light velocity is still an absolute
constant when moving in between virtua particles, and is always created at this fixed
constant velocity). The accelerated virtua particles of the quantum vacuum (that appears
in gravitational and accelerated reference frames) can be viewed as a specia Fizeau-like
fluid, which affects the motion of matter and light in the direction of the fluid, which is
ultimately responsible for 4D space-time curvature (section 16).
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Explanatory Notes:

POSTULATE #1

This Cellular Automata postulate has led us to formulate EMQG through the belief that all
physica phenomena originate from quantum interactions that are strictly ‘local’. CA
theory has been discussed in detail in section 3. The most important results of this study
that are required for EM QG theory are briefly summarized below:

- On the lowest distance scales, physical space and time must be quantized where space is
represented by the ‘cells of the CA. Time is represented by the ‘clock’ periods which act
to evolve the numeric state of the CA. Matter particles are complex information patterns
that roam around in 3D CA space. All forces are the result of the exchange of other
complex information patterns called vector boson particles. Particles can only exist at
finite dengities, before the information patterns |oss their identity.

- There is a maximum speed limit for the transfer of information from cell to cell, which
causes our universe to have a universal speed limit (section 9). This speed limit is the raw
light velocity, or light velocity between virtual particle scattering, which is an absolute
constant and always created at this one fixed velocity. This speed also represents the speed
limit for which any boson information patterns (for example, gravitons and photons) can
move. In the vacuum, away from all gravitational and accelerated frames, the commonly
measured light velocity of 300,000 km/sec represents the scattered light velocity, which is
much smaller than the raw light velocity existing on the CA level, between vacuum particle
scattering.

- All the laws of physics must be local, and derivable from the local rules at the cellular
level of the CA. The rules for the numeric evolution of a cell is contained in each and
every cdl, and is the same for all other cells existing everywhere in the vast 3D CA cdll
Space.

True classica motion does not exist. Motion really is the transfer of information from
cell to cell. In some sense, motion is ‘digital’. Because the numeric content of the cells
themselves and their locations are unobservable, motion is aso relative. In other words,
another nearby reference information pattern is required to gauge relative ‘motion’.

- The motion of a light source will not affect the velocity of light, since light consists of
numeric information smply being transferred from cell to an adjacent cell at every ‘clock’

cycle. The source motion cannot affect this shifting process. Nor can any other physical
process.

POSTULATE #2
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This postulate is the quantum origin of the low-level gravitational force, and
automatically implies that the virtual particles of the quantum vacuum are falling because
of the presence of a nearby massive object, by the action of the large graviton flux. The
masseon is required as the constituent of all elementary mass particles (fermions), in order
to completely explain the weak equivalence principle. The low-level ‘mass-charge’ of a
particle is defined as the fixed flux rate of gravitons emitted or absorbed by a masseon
particle per unit time, and is smilar to the concept of electrical charge for photon
exchanges. In QED, charge is defined dlightly differently as the probability of emission or
absorption of photons. For elementary particles, this flux rate is a fixed constant
corresponding to the combined mass of a certain number of masseon particles, which carry
the basic unit of mass. Because, there is a difference of about 10 in the strength of the
graviton and photon coupling for a single masseon particle, the photon exchange process
dominates when considering mass interactions near a gravitational field. The domination
of the total gravitational force by the electromagnetic force component is the biggest
difference between EMQG and rival theories of quantum gravity.

- An elementary charged particle that is not interacting with other particles, will move
through the background quantum vacuum virtual particles in such away as to maintain a
net statistical average acceleration of zero with respect to the quantum vacuum particles,
due to very frequent electromagnetic photon exchanges.

POSTULATE #3

This postulate has been described in detail in section 13, and is a dightly modified version
of the HRP theory of inertia of reference 5. Instead of inertia being caused by a Lorentz
force from the ZPF (virtual photons), inertia results from the (unspecified) electromagnetic
force that is present when a electrically charged masseon is accelerated with respect to the
electrically charged virtual masseon particles that fills the background quantum vacuum.

POSTULATE #4

- In section 16.6, we show that the action on the rea photons by the charged virtual
particles of the quantum vacuum falling towards the earth leads to the same quantity of 4D
gpace-time curvature predicted by the Einstein’s general relativity. The vacuum acts like a
specia Fizeau-like fluid unknown to Einstein, which acts on the propagation of light (and
matter). The actual measured light velocity for an observer under the influence of the
gravitational field still remains unaffected, while space and time measurements compared
with a distant observer do not agree.

- Real photons move along what Einstein called the “Geodesic” path of light, which
represent the "straight” minimal length paths in curved 4D space-time for light near alarge
mass. Einstein based this conclusion on the postulate of constancy of light velocity. Thus,
from the perspective of general relativity we can say that light moves perfectly ‘straight’,
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but that the space-time that it movesin is ‘curved’. Now according to postulate #4, the
geodesic path for photons can be reinterpreted as the path that maintains a net average
acceleration of zero of the real photons with respect to the virtual particles of the quantum
vacuum.

- On face value, the EMQG postulate 4 seems to violate the first postulate of special
relativity, where the speed of light is constant with respect to any inertia reference frame.
One must bare in mind that when comparing light velocity in far empty space with light
velocity near the earth (based on photon scattering theory), that the state of the
background quantum vacuum is different in these two cases. Near the earth, it is faling or
accelerated. It flows towards the center of earth with an accelerated motion, whereas in
far space it does not. The velocity of light that is affected by this accelerated flow is the
photon velocity based on absolute CA space and time units.

- An observer accelerated in a rocket at 1g (far from gravitational fields) also observes
light deflecting parallel to the floor. This light deflection is caused for a different reason.
Taking the net average acceleration of the vacuum particles as the reference frame for
accelerated motion, the path of the real photons is a straight path (again the result of
photon scattering). However, the rocket now has a relative acceleration of 1 g with
respect to the vacuum. The rocket carries the observer upward, leading to the perception
of a curved path for the photon propagation, and therefore a curved 4D space-time. (As a
consequence, we will see that equivalence is not a basic law of nature, but ssimply a matter
of circumstance).

In order to understand the postulates of EMQG and how to apply them, we will consider
the smplest example of a gravitationa field, the field around a large spherically
symmetrical non-rotating, non-charged mass (like the earth). We will derive the principle
of equivalence and curved 4D space-time from these postul ates.

15.7 VIRTUAL PARTICLE FIELD NEAR A SPHERICAL MASSIN EMQG

Our first application of EMQG theory is to determine the quantum nature of the
gravitationa field for a spherically symmetrical large mass. In genera relativity, Einstein’s
field equation has been solved for this specia case (ref. 39), and the solution is called the
Schwarzchild metric and given by:

d = dr*/(1 - 2GM/(rc®)) - c?dt* (1 - 2GM/(rc?)) + r?dw? (15.71)
where dW? = dof + sin? q df

This is a complete mathematical description of the space-time curvature (the metric in

polar coordinates)) near the large spherica mass in spherical coordinates. This equation
describes the path that light or matter takes through curved 4 D Minkowski space-time.
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We will find that this solution is a very good approximation to the gravitational field.
There are, however, hidden quantum processes involving the virtual particles in EMQG
that are responsible for this curvature, and for the very tiny inaccuracy of this metric due
to adight violation of the principle of equivalence.

A large spherical mass turns out to be an excellent example for EMQG, because it has a
very simple motion associated with the virtual particles that make up the surrounding
guantum vacuum (in absolute CA units). The normal background motion of virtual particle
creation and annihilation process near a massive spherical distribution of matter is
distorted when compared to the vacuum in empty space far removed from any matter.
Surrounding a large spherically symmetrical mass like the earth, the virtual particles
created in the quantum vacuum have a net average acceleration vector that is directed
downward towards the earth's center (figure 13) along radius vectors. (Note: We are
ignoring the mutual interactions of the vacuum particles, which are why this statement is
statistical in nature.) The cause of this downward acceleration of the vacuum is graviton
exchanges between the earth and the virtual masseon particles of the quantum vacuum
(postulate #2), which propagate at the speed of light (in absolute units). At any one
instant, the vacuum particles have random velocity vectors (figure 12) which point in all
directions, even including the up direction. However, the acceleration vectors are
generally coordinated in the downward direction as in figure 13. The closer the virtual
particles are to the earth, the greater the acceleration, as you would expect from the
inverse square law of graviton exchanges. The average net statistical acceleration of this
stream of virtual particles is directed downward, and varies with the height ‘r'. This
accelerated vacuum ‘stream’ plays the most important role in the dynamics of gravity in
EMQG, and aso naturally ties in with the problem of inertia and the equivalence principle.
In fact, we will see that the average net acceleration vector of the vacuum particles at each
point in space surrounding the earth, at its interaction with test masses and light is
equivalent to the Schwarzschild 4D space-time metric given above. This is because the
average net acceleration vector of the charged virtual particles at each point in space
surrounding the mass guides the motion of the electrically charged free masseon particles
or photons through the electromagnetic force. We will show this mathematically in section
16.6.

The magnitude and direction of the net average statistical acceleration of the virtua
particles at point r above the earth (the direction is aong the radius vectors) can be easily
found from Newton's inverse square law of gravitation (a = GM/r?). It is also possible to
calculate this from the basic EMQG equations for a general, slow mass distribution
(equation 17.22 and 17.23), which is derived later (section 17). This complex calculation
of the state of motion of the vacuum particles is not required in the case for large
sphericaly symmetrical masses like the earth, because of the simplicity of the virtual
particle motion.

When a small test mass moves through the space surrounding the earth, the

electromagnetic interactions between the real charged masseon particles in the mass with
respect to the virtua charged particles quantum vacuum dominates over the pure graviton
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exchange process between the mass and the earth. This electromagnetic component plays
the major role in the dynamics of motion of a nearby test mass. From postulate #2, the
real masseon particles consisting of the earth exchanges gravitons with the virtual
masseons of the guantum vacuum, causing a downward acceleration of the quantum
vacuum of 1g. If we now introduce a test mass near the earth, according to postulate #2
all the real masseons making up the test mass will fall at the same average rate as that of
the net statistical average of virtual particles of the vacuum. This is due to the relatively
strong electromagnetic force acting between the electrically charged virtual masseons of
the vacuum and the real masseons of the test mass.

Therefore, based on the Newtonian principles of how ordinary matter falls, the net average
acceleration ‘a of avirtual particle in the vacuum with respect to height of the test mass,
along the radius vector ‘r’ towards the center of the earth is given by:

The net statistical average acceleration vector: a = GM / r? (15.72)

where r is the distance vector along the radius from the center of the earth to a typica
virtua particle, G is the Newtonian Universal Gravitation constant, and M is the mass of
the earth.

Note: We have not proved that equation (15.72) is correct. Instead, it is based on the
observation of the motion of a test mass near the earth. However, this equation can be
derived from the semi-classica EMQG equations of motion.

To fully account for the gravitational field around a spherically symmetrica massive
object, the motion of light near the object must also be accounted for. We will find that the
altered behavior of light near a massive object drastically modifies the nature of equation
(15.72). We will see that this equation is based on absolute cellular automata 3D space
and time units. We will find that the relativistic curved 4D space-time is an emergent
phenomena from this process, because of the way that light and matter behaves in this
‘accelerated stream of virtual particles’ near the earth. This alters the nature of equation
15.72, which now has to be specified in absolute CA units. Thisis because the acceleration
(a=av/dt, and velocity v=dx/dt) involves distance and time measurements. We will return
to this important issue of the meaning of curved space-time after deriving the principle of
equivalence from the fundamental postulates of EMQG.

158 EMQG AND THE PRINCIPLE OF EQUIVALENCE: INTRODUCTION

“The principle of equivalence performed the essential office of midwife at the birth of general
relativity, but, as Einstein remarked, the infant would never have got beyond its long clothes had it not
been for Minkowski’s concept [of space-time geometry]. | suggest that the midwife be now buried with
appropriate honors and the facts of absolute space-time faced.” - Synge
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The principle of equivalence means different things to different people, and to some it
means nothing at all as can be seen in the quotation above. The equality of inertial and
gravitational massis only known to be true strictly through observation and experience. Is
this equivaence exact, though? Since the principle of equivaence cannot be currently
traced to deeper physics, we can never say that these two mass types are exactly equal.
Currently, we can only specify the accuracy to which the two mass types have been shown
experimentally to be equal.

How is the principle of equivaence defined? Well, there are two main formulations of the
principle of equivalence. The strong equivalence principle states that the results of any
given physical experiment will be precisely identical for an accelerated observer in free
gpace as it is for a non-accelerated observer in a perfectly uniform gravitational field. A
weaker form of this postulate restricts itself to the laws of motion of masses only. In other
words, the laws of motion of identical masses on the earth are identical to the same
Situation inside an accelerated rocket (at 1g). Technically, this holds only at a point near
the earth. It can be stated that objects of the different mass fall at the same rate of
acceleration in a uniform gravity field. In regards to the strong equivalence principle,
Synge writes:

“... 1 never been able to understand this Principle ... Does it mean that the effects of a

gravitational field are indistinguishable from the effects of an observer’s acceleration? If
so, it is false. In Einstein’s theory, either there is a gravitational field or there's none,
according as the Riemann tensor does not or does vanish. Thisis an absolute property. It
has nothing to do with any observer’s world line ... The principle of equivalence
performed the essential office of midwife at the birth of general relativity, but, as
Einstein remarked, the infant would never have got beyond its long clothes had it not
been for Minkowski’s concept [of space-time geometry]. | suggest that the midwife be
now buried with appropriate honors and the facts of absolute space-time faced.”

Few physicists would doubt the validity of his statement. Synge has hit on an important
point in regards to the nature of the equivalence principle and space-time. He is right to
say that “either there is a gravitational field or there’'s none, according as the Riemann
tensor does not or does vanish. This is an absolute property (of space near masses)”.
What he means is that the Riemann tensor describing curvature is there, or is not there,
depending on whether or not there is a large mass present to distort space-time. (in other
words, whether there exists a global space-time curvature or not). The existence of a
global space-time curvature reveals whether you are in a gravitational field. In an
accelerated frame, the space-time curvature is local to your motion only, and is not global
property of space-time.

According to EMQG, if alarge mass is present, the mass emits huge numbers of graviton
particles, and distorts the surrounding virtual particles of the quantum vacuum. In an
accelerated frame, there are very few gravitons, and the quantum vacuum is not affected.
However, an observer in the accelerated frame ‘sees the quantum vacuum accelerating
with respect to his frame, and hence the space-time distortion. However, the quantum
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vacuum still remains undisturbed. Thus in EMQG, the equivalence principle is regarded
as being a coincidence due to quantum vacuum appearing the same for accelerated
observers and for observersin gravitationa fields.

Recently, some theoretical evidence has appeared to suggest that the strong equivalence
principle does not hold in general. First, if gravitons could be detected experimentally with
anew and sengitive graviton detector (which is not likely to be possible in the near future),
we would be able to distinguish between an inertial frame and a gravitational frame with
this detector. This is possible because inertia frames would have virtually no graviton
particles present, whereas the gravitationa fields like the earth have enormous numbers of
graviton particles. Thus, we have performed a physics experiment that can detect whether
you are in a gravitational field or an accelerated frame. Secondly, recent theoretica
considerations of the emission of electromagnetic waves from a uniformly accelerated
charge, and the lack of radiation from the same charge subjected to a static gravitational
field leads us to the conclusion that the strong equivalence principle does not hold for
radiating charged particles. Stephen Parrott (ref 23) has done an extensive anaysis of the
electromagnetic energy released from an accelerated charge in Minkowski space and a
stationary charge in Schwarzchild space. He writes in his paper on “Radiation from a
Uniformly Accelerated Charge and the Equivalence Principle”:

“It is generally accepted that any accelerated charge in Minkowski space radiates
energy. It is also accepted that a stationary charge in a static gravitational field does not
radiate energy. It would seem that these two facts imply that some forms of Einstein’s
Equivalence Principle do not apply to charged particles.

To put the matter in an easly visualized physical framework, imagine that the
acceleration of a charged particle in Minkowski space is produced by a tiny rocket
engine attached to the particle. Snce the particle is radiating energy, that can be
detected and used, conservation of energy suggests that the radiated energy must be
furnished by the rocket. We must burn more fuel to produce a given accelerated world
line than we would to produce the same world line for a neutral particle of the same
mass. Now consider a stationary charge in Schwarzchild space-time, and suppose a
rocket holds it stationary relative to the coordinate frame (accelerating with respect to
local inertial frames). In this case, since no radiation is produced, the rocket should use
the same amount of fuel as would be required to hold stationary a similar neutral
particle. This gives an experimental test by which we can determine locally whether we
are accelerating in Minkowski space or stationary in a gravitational field - simply
observe the rocket’ s fuel consumption.”

He does a detailed analysis of the energy in Minkowski and Schwarzchild space-time, and
shows that strong principle of equivalence does not hold for charged particles.

As for the weak equivalence principle, we can now only specify the accuracy as to which

the two different mass types have been shown experimentally to be equa in an inertia and
gravitationa field. In EMQG, we show that the equivalence principle follows from lower
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level physical processes, and the basic postulates of EMQG. We will see that mass
equivalence arises from the equivalence of the force generated between the net statistical
average acceleration vectors of the matter particles inside a mass interacting with the
surrounding quantum vacuum virtual particles inside an accelerating rocket. The same
force occurs between the matter particles and virtual particles for a mass near the earth.
We will find that equivalence is not perfect, and breaks down when the accuracy of the
measurement approaches 10!

Basically, the equivalence principle arises from the reversal of the net statistical average
acceleration vectors between the charged matter particles and virtual charged particles in
the famous Einstein rocket, with the same matter particles and virtual particles near the
earth. To fully understand the hidden quantum processes in the principle of equivalence on
the earth, we will detail the behavior of test masses and the propagation of light near the
earth. Equivalence is shown to hold for both stationary test masses and for free-falling test
Masses.

First we derive the principle of equivalence for the motion of ordinary masses. Next, we
show that the quantum principle of equivalence holds for elementary particles. Next, we
will demonstrate that equivalence also holds for large spherical masses with considerable
self-gravity (and self-energy) such as the earth with a hot molten core, and the moon with
a considerably colder core, with respect to a third mass like the sun. We will see that if
both the earth and the moon fall towards the sun, they would arrive at the same time to a
high degree of precision in the framework of EMQG. Finaly, we examine the principle of
equivalence and curved Minkowski 4D space-time curvature.

159 MASSESINSIDE AN ACCELERATED ROCKET AT 1g

In figure #1, there are two different masses at rest on the floor of a rocket which is
accelerated upwards at 1 g far from any gravitational sources. The floor of the rocket
experiences a force under the mass ‘2M’ that is twice as great as for the mass ‘M’. In
Newtonian physics, the inertial mass is defined in precisely this way, the force ‘F that
occurs when amass ‘M’ is accelerated at rate ‘g’ as given by F=Mg. The quantum inertia
explanation for thisis that the two masses are accelerated with respect to the net average
statistical motion of the virtual particles of the vacuum by the rocket. Since mass ‘2M’ has
twice the masseon particle count as mass ‘M’, the sum of all the tiny electromagnetic
forces between the virtual vacuum and the masseon particles of mass ‘2M’ is twice as
great as compared to mass ‘M’, i.e. for mass ‘M’, F;=Mg and for mass ‘2M’,
F,=2Mg=2F,. Because the particles that make up the masses do not maintain a net zero
acceleration with respect to the virtual particles, aforce is always present from the rocket
floor (figure 1).

In figure #2, the two different masses (M and 2M) have just been released and are in free

fall inside the rocket. According to Newtonian physics, no forces are present on the two
masses since the acceleration of both masses is zero (the masses are no longer attached to
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the rocket frame). The two masses hit the rocket floor at the same time. The quantum
inertia explanation for this is trivial. The net acceleration between all the real masseons
that make up both masses and virtual masseon particles of the vacuum is a net (statistical
average) value of zero. The rocket floor reaches the two masses at the same time, and thus
unequal massesfall a the same rate inside an accelerated rocket.

159 MASSESINSIDE A GRAVITATIONAL FIELD (THE EARTH)

In figure #3, there are the same two masses (2M and M) which are at rest on the surface
of the earth. The surface of the earth experiences a force under mass ‘2M’ that is twice as
great as for that under mass ‘M’ . The reason for thisis that the two stationary masses do
not maintain a net acceleration of zero with respect to the net statistical average
acceleration of the virtual masseons in the neighborhood. This is because the virtual
particles are al accelerating towards the center of the earth (a=GM/r?) due to the graviton
exchanges between the real masseons consisting of the earth and the virtual masseons of
the vacuum. Since mass ‘2M’ has twice the masseon particles as mass ‘M’, the sum of al
the tiny electromagnetic forces between the virtual masseon particles of the vacuum and
the real masseon particles of mass ‘2M’ is twice as great as that for mass ‘M’. Thus, a
force is required from the surface of the earth to maintain these masses at rest, mass ‘ 2M’
having twice the force of mass ‘M’. The physics of this force is the same as for figure #1
in the rocket, but with the acceleration frames of the virtual charged masseons and the real
charged masseon particles of the mass being reversed (with the exception of the direct
graviton induced forces on the masses, which is negligible). Equivaence between the
inertidl mass ‘M’ on a rocket moving with acceleration ‘A’, and gravitational mass ‘M’
under the influence of a gravitationa field with acceleration ‘A’ can be seen to follow from
Newton’s laws as follows:

F =M(A) ...inertial force opposes the acceleration A of the mass ‘M’ in rocket.
F,= M(GMJr?) ...gravitational force where GMJ/r? is now virtual particle acceler ation.

Under gravity, the magnitude of the gravitational field acceleration is A=GMJ/r?, which is
the same as the magnitude of the acceleration of the rocket. From the reference frame of
an average accelerated virtual particle on earth, a virtual masseon particle ‘sees’ the rea
masseon particles of the stationary mass M accelerating in exactly the same way as an
average stationary virtual masseon in the rocket ‘sees' the accelerated mass particles in the
rocket. In other words, the vacuum state appears the same from both of these reference
frames. We have illustrated equivalence in a special case; between an accelerated mass M
and a stationary gravitational mass ‘M’. Equivalence holds because GM{/r? represents the
net statistical average downward acceleration vector of the virtual masseons with respect
to the earth’s center, and is equal to the acceleration of the rocket. Newton's law of
gravity was rearranged here to emphasize the form F=MA for gravitational mass so that
we can see that the same electromagnetic force summation process for real masseons of
the mass occurs under gravity as it does for accelerated mass. Thus the same processes at
work in inertia are also present in gravitation.
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This example shows why both the masses of figure 1 are equivalent to the masses in figure
3. The force magnitude is the same because the calculation of the force involves the same
sum of al the tiny electromagnetic forces between the virtual charged masseon particles
and the real masseon particles of the mass. The only difference in the physics of the masses
in figure 1 is that the relative motions of al the tiny electromagnetic force vectors are
reversed. The other difference is that large numbers of graviton particles (that originate
from the earth’s mass) dightly unbalances perfect equivaence between the masses falling
on the earth. The larger mass has the largest graviton flux.

Note: There is a very small discrepancy in the equivalence principle for unequal masses
in free fall near the earth which is caused by the excess graviton exchange force for the
heavier mass. This discrepancy in the free fal rate of test masses near the earth is
extremely minute in magnitude because there is a ratio of about 10* in the field strength
existing between the electromagnetic and gravitational forces. In principle it could be
measured by extremely senditive experiments, if two test masses are chosen with a very
large mass difference.

In figure #4, two different masses are in free fal near the surface of the earth, and no
external forces are present on the two masses. The two masses hit the earth at the same
time. The net statistical average acceleration of the real masseon particles that make up the
masses and virtual charged masseon particles of the vacuum is still zero, because this
process is dominated by the electromagnetic force (the direct graviton exchanges are
negligible). The electromagnetic forces between the virtual particles and the matter
particles of the test mass dominates the interactions, because the electromagnetic force is
10" times stronger than the graviton component. Although mass ‘2M’ has twice the
gravitational force due to twice the number of graviton exchanges, thisis totally swamped
out by the electromagnetic interaction, and the accelerated virtual particles and the test
masses are in a state of electromagnetic equilibrium as far as acceleration vectors are
concerned. Both masses fall at the same rate (neglecting the dight imbalance of the note
above).

15.10 MICROSCOPIC EQUIVALENCE PRINCIPLE OF PARTICLES

Does the weak equivaence principle hold for an elementary particle? For example, does a
neutron and an electron simultaneously dropped on the surface of the earth fall at the same
rate (ignoring stray electrical charge effects)? Is this equivalent to the same experiment
performed inside a rocket that is accelerating at 1 g? The answer to all these questions is
yes. In fact, the equivalence principle has actually been experimentally verified for the case
of aneutron in agravitational field (ref. 40).

An astute observer may have questioned why all the virtual particles (virtual neutrons,

virtual electrons, virtual quarks, etc, al consisting of different masses) are accelerating
downwards towards the earth with the same acceleration in our EMQG model. Certainly
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inside an accelerated rocket an observer stationed on the floor will view all the virtual
particles of the quantum accelerating with respect to him at the same rate, no matter what
the masses of the virtua particles are. Thisis simply because the floor of the rocket moves
upward at 1g, giving the illusion (to an observer on the floor of the rocket) that virtual
particles of different mass are accelerating at the same rate. Since the masses of the
different types of virtua particles are all different according to the standard model of
particle physics, why are they all falling at the same rate on the earth? Here, the cause of
the acceleration is graviton exchanges with the earth. Since we are trying to derive the
equivalence principle from fundamental concepts, we cannot invoke this principle to state
that the virtual particles must be accelerating at the same rate.

We can trace why all quantum vacuum virtual particles are accelerating at the same rate
on the earth to the existence of the virtual masseon particle. All particles with mass
(virtual or not) are composed of combinations of the fundamental “masseon” particle,
which carries just one fixed quanta of mass (postulate #2). Since all virtual masseon
particles exchange the same fixed flux of gravitons with the earth, the virtual masseons are
all accelerated at the same rate. However, masseons can bind together to form the familiar
particles of the standard model such as virtual electrons, virtual positrons, virtual quarks,
etc. or even unknown species of virtual particles. According to postulate #2, masseons
carry both gravitational ‘mass charge and ordinary electrical charge. However, the
electromagnetic interactions (photon exchanges) will work to equalize the fall rate (from
the point of view of acceleration vectors) of virtual masseons that momentarily combine to
make virtual particles like virtual electrons and virtual quarks. If avirtual quark consists
of say 100 bound masseons (the actual number is not known), the graviton exchanges
would normally be cumulative, and 100 times more acceleration will be imparted to the
virtual quark than a single virtual masseon. However, virtual masseons dominate the
guantum vacuum since they are the fundamental mass particle, and do not have to bond
with other masseons to exist. Therefore the lone, unbound virtual masseon is by far the
most common virtual mass particle in the quantum vacuum (this is illustrated in figures 5
and 6).

No matter how many virtual masseons combine to give other virtual particles, the local
electromagnetic interaction between the far more numerous virtual masseons and the
virtual quark (or any other virtua particle) will equalize the fall rate. This process works
like a microscopic version of the EMQG weak principle of equivaence, for faling virtual
particles, with the same action occurring on the particle level as what happens for large
falling masses discussed in section 15.8. Figures 5 and 6 shows the microscopic
equivalence principle at work for a free falling mass in an accelerated frame and in a
gravitational field. To summarize, the electromagnetic forces from the free virtual
masseons of the quantum vacuum (all falling at the same rate), dominates over the more
familiar virtual particles that consst of combinations of masseons (like the virtual
neutrons, electrons, quarks, and all other virtual particles). The virtua quark would
normally fall faster than the virtual electron and the virtua electron faster than an
individual virtua masseon. This is because many virtual masseons bound together
exchange many more gravitons with the earth. However, the electromagnetic interaction
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between the far numerous virtual masseons of the vacuum, and the virtua masseons
combined inside the virtual neutrons, quarks, and virtual electrons acts to equalize the fall
rate, causing all virtua particles to fal at the same rate. Since the quantum vacuum
background appears the same from the perspective of a mass on the surface of the earth,
as for the same mass inside an accelerated rocket equivalence still holds.

1511 THEINERTION: AN ELEMENTARY QUANTA OF INERTIA

Recall that the real neutron has inertial mass because it is composed of real eectrically
charged masseon particles, which interact electromagnetically with the charged virtual
masseon particles of the quantum vacuum (the sum of positive and negative electrically
charged masseons insde a neutron is equal). Each real masseon inside the neutron
contributes a fundamental unit or ‘quanta of inertia to the neutron, because of the
electromagnetic force interaction with the immediate surrounding virtual masseons of the
vacuum. Therefore, the sum of the real masseon force contribution to the inertial mass of
the neutron defines the neutron’s inertial mass. We propose that the electromagnetic force
existing between one real masseon particle accelerating at a rate of 1g with respect to the
surrounding quantum vacuum be given the status of a new universal constant. We call this
new constant the ‘inertion’ constant, or “i”. The inertion thus represents the lowest
possible quanta of inertia force. In order to determine the numerical value of the inertion,
one must determine the number of masseons inside a neutron for example, and divide this
into the observable (inertial) mass of the neutron.

How does the background quantum vacuum look like from the frame of reference of the
neutron particle sitting on the surface of the earth, and from the frame of a neutron on the
floor of arocket accelerating at 1g? The answer is that it is the same. As we have found,
the virtual masseon and anti-masseon particles of the quantum vacuum are accelerated by
the graviton exchanges with the earth. In the accelerating rocket the motion of the virtual
masseons and anti-masseons are now an illusion caused by the motion of the rocket floor.
The motion is the same, but the cause is definitely different. Therefore, we can conclude
that the ‘inertion’ also represents the lowest possible quanta of gravitational mass on the
earth.

15.12 EQUIVALENCE PRINCIPLE FOR THE SUN-EARTH-MOON SY STEM

Will the weak equivalence principle hold for the following imaginary scenario, where the
earth and the moon are simultaneoudly in free fall towards the sun with an acceleration of
gravity ‘Ggp Of the sun? In other words, would the earth and moon arrive at the same
time on the surface of the sun? Would they also arrive on the floor at the same time when
free faling inside a huge rocket undergoing acceleration Gy, in space (far from any other
large masses)? This question is at the heart of the so-called metric theories of gravity. In
metric theories such as general relativity, all objects with any kind of interna composition
follow the natura curvature of space-time. This includes objects with considerable internal
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energy sources and self-gravity. Any deviation from perfect equivalence would constitute
what is called the Nordtvedt effect (ref. 41), after the discoverer in 1968. Because the
earth’s core is molten and very hot, the earth contains a significant interna energy. The
earth is also a large source of gravitational energy as well, which significantly distorts the
nearby virtua particles of the quantum vacuum. Contrast this with the moon, which is
relatively cool and less energetic, with considerably less gravitational energy.

To see if the weak equivalence applies here, we start with the situation where the earth
and moon are ‘dropped’ simultaneoudsly from a height ‘h’ inside a huge rocket (with
negligible mass) accelerating with the same Gg, as exists on the surface of the sun (figure
7). The result of this experiment is obvious. They both arrive on the floor of the rocket at
the same time. Actually, it is the floor of the rocket that accelerates upwards and meets
both bodies at the same time! However, now the virtual particles of the quantum vacuum
are disturbed near these large bodies (by graviton exchanges), particularly the acceleration
vectors of the virtual particles in close proximity with the earth and the moon (now
tending to point towards the centers of the two bodies in these regions). This fact,
however, does not affect the results of this experiment. The results are no different than if
two small masses are dropped inside the rocket; again because the floor moves up to meet
them at the same time. However, one must note the virtual particle pattern of figure 8.

The situation near the surface of the sun, where the earth and moon are ‘dropped’ from
the same height ‘h’, is far more complex than inside the rocket. Now all three bodies
disturb the virtual particles of the quantum vacuum! The sun sets up a strong GMJr?
acceleration field consisting of virtual particles, which applies over long distances and
points towards the center of the sun. The earth and moon also produce their own fields in
their vicinity, although much weaker (figure 7). The sun’s acceleration dominates over the
surrounding space, except near the moon and near the earth; where some of the virtual
particles actually are moving away from the sun (as happens near the surface of the night
side of the earth). How can equivalence possibly hold in this scenario? Recall that we
stated that it is the electromagnetic action of the virtual particles of the vacuum on the real
particles inside the bodies that determines the motion of the earth and the moon
undergoing gravitational acceleration. However, in different regions of the earth, the
virtual particles are accelerating in different directions! Part of the answer to this problem
is an important property exhibited by the graviton particle (postulate #2): the principle of
superposition. This is a property aso shared by the photon particle. The action of the
gravitons originating from all three sources on a given virtua particle of the quantum
vacuum Yyields a net acceleration that is the net vector sum of the action of al the
gravitons received by the virtual particle.

To explain equivalence, we must first recal that equivalence only holds in a sufficiently
small region of space (technically, at a given point above the sun) when compared to the
equivalent accelerated reference frame. This is because the acceleration of the sun varies
with the distance ‘r’ from the sun’s center, whereas inside an accelerated rocket it does
not vary with height. Secondly, we must recall that the motion of the virtual particles in
the rocket is also disturbed near the vicinity of the earth and the moon. In fact, inside the
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rocket the virtual particles are also directed along the radius vectors of both the earth and
the moon in their vicinity (figure 7). Y et, the sun and the moon still reach the floor of the
rocket at the same time. Therefore, the quantum vacuum can be disturbed in the case of
the free fall of the earth and the moon towards the sun, provided the total virtual particle
pattern can be shown to match the case of the accelerated rocket.

A close study of figures 7 and 8 reveds that the quantum vacuum pattern is the same
when viewed in the correct reference frame. In figure 7, the observer is stationed on the
surface of the sun, so that we can see the reason why both bodies are attracted to the sun.
Recall that the electromagnetic interaction between the acceleration vectors of the falling
virtual masseons and the real masseons in the earth and moon is the primary reason for the
attraction. The direct graviton action is negligible in comparison. Now in order to
compare the two experiments of figure 7 and 8, the reference frame for the sun experiment
should be equivalent to the rocket. In the rocket experiment, the frame chosen for our
observer is outside the rocket (the quantum vacuum has a relative acceleration of zero) in
order to understand the results. Therefore for the sun, the observer’s frame should be in
free fal, thus restoring the relative acceleration of the quantum vacuum to zero just as for
the observer outside the rocket. When this is done, we have to correct the acceleration
vectors of the virtual particles near the earth and moon in figure 7. It is easy to show that
the result of this operation gives an identical result as figure 8. Therefore, equivalence
holds in both experiments.

15.13 LIGHT MOTION IN A ROCKET: SPACE-TIME EFFECTS

We will examine three scenarios for the motion of light in a rocket which is accelerated
upwards at 1 g (far from any gravitational sources). First, we study light moving from the
floor of the rocket to the ceiling where it is detected by an observer. Next we look at light
moving from the ceiling of the rocket to the floor where it is detected by an observer.
Finally, we examine light moving parallel with the floor of the rocket, where it follows a
curved path (figure 11).

(A) LIGHT MOVING FROM THE FLOOR TO THE CEILING OF THE ROCKET

Here the light is positioned on the floor of the rocket which is being accelerating upwards
a 1 g, and propagates in a straight line up to the observer on the ceiling. Meanwhile, the
rocket has accelerated upwards while the light is in flight. What happens to the light?
According to genera relativity, an observer outside the rocket examines the light moving
upward at the speed of light in a straight path. Meanwhile, according to general relativity,
an observer inside the rocket stationed on the ceiling also observes the light moving
upwards in a straight line towards him. He also observes that the light is red-shifted. He
makes a measurement of the light velocity of the incoming red-shifted light with his
measuring instruments (which were calibrated within his reference frame). He observes
that the velocity of the red-light light is the same on the ceiling as he found when he
previoudly checked his internal light sources with his calibrated instruments. In other
words, the speed of light does not vary under al these circumstances. Closer examination
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reveds that the clocks in the celling differ from the clocks stationed on the floor. In
particular, the clock on the floor of the rocket runs slower than one on that on the ceiling.
Distances measurements are also affected. Genera relativity explains al these observations
with the 4D space-time curvature existing inside accelerated frames. We will return to this
example with our EMQG interpretation of these measurements.

(B) LIGHT MOVING FROM THE CEILING TO THE FLOOR OF THE ROCKET

Here the light is positioned on the celling of the rocket which is accelerating upwards at 1
g, and propagates in a straight line down to the observer on the floor. Meanwhile, the
rocket has accelerated upwards while the light is in flight. What happens to the light?
According to genera relativity, an observer outside the rocket observes the light moving
downwards at the speed of light in a straight path. Meanwhile, according to general
relativity, an observer inside the rocket stationed on the floor also observes the light
moving downwards in a straight line towards him. He also observes that the light is blue-
shifted. He makes a measurement of the light velocity of the incoming blue-shifted light
with his measuring instruments (which were calibrated within his reference frame). He
observes that the velocity of the blue-light light is the same on the floor as he found when
he previoudly checked his interna light sources and with his calibrated instruments. In
other words, the speed of light does not vary under all these circumstances. Closer
examination reveals that the clocks in the floor differ from the clocks stationed on the
ceiling. In particular, the clock on the ceiling of the rocket runs faster than one on that on
the floor. Distances measurements are aso affected. Again, general relativity explains al
these observations with the 4D space-time curvature existing inside accelerated frames.
We will return to this example with our EMQG interpretation of these measurements.

(C) LIGHT MOVING PARALLEL TO THE FLOOR OF THE ROCKET

Here the light leaves the light source on the left wall of the rocket which is accelerating
upwards at 1 g, and propagates in a straight line towards the observer on the right wall
(figure 11). Meanwhile, the rocket has accelerated upwards while the light is in flight.
Therefore an observer in the rocket observes a curved light path. An observer outside the
rocket sees a straight light path. According to general relativity, the space-time inside the
rocket is curved (in the direction of motion), and light moves aong the natural geodesics
of curved 4D space-time. Meanwhile, the observer outside the rocket lives in flat-space
time, and therefore observes light moving in a perfect straight line, which is the geodesic
path in flat 4D space-time. We will return to this example with our EMQG interpretation
of these measurements. Next we will examine all three scenarios on the surface of the
earth.

15.14 LIGHT MOTION NEAR EARTH'S SURFACE - SPACE-TIME EFFECTS

We will examine the same three scenarios for the motion of light on the surface of the
earth (1g), which is the same as for the rocket (1g) according to the principle of
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equivalence. We will ignore the variation of acceleration with height found on the earth, as
well as the dight change in the direction of acceleration caused by acceleration vectors
being directed along radius vectors. First, light moves from the floor of the room on the
surface of the earth to the ceiling, where it is detected. Next, light is moving from the
celling of the room to the surface of the earth where it is detected by an observer. Finally,
light is moving parald with the earth’s surface from the left side of the room to the right,
and follows a curved path (figure 10).

(A) LIGHT MOVING FROM THE FLOOR TO THE CEILING ON EARTH

Light is positioned on the floor of a room on the surface of the earth, and propagatesin a
straight line up to the observer on the ceiling. What happens to the light? According to
genera relativity, an observer outside the room in free fall observes the light moving
upward at the speed of light in a straight path. Meanwhile, according to general relativity,
an observer insde the room stationed on the ceiling also observes the light moving
upwards in a straight line. He aso observes that the light is red-shifted. He makes a
measurement of the light velocity with his measuring instruments (which were calibrated
within his reference frame) and observes that the velocity of light is the same on the floor
as he found when he measured received light speed in his interna reference frame with the
same instruments. In other words, the speed of light does not vary in al cases. Closer
examination reveals that clocks measured in his reference frame differ from the clocks on
the floor. In particular, the clock on the floor of the room runs slower than the one on the
celling. Distances are aso affected. In genera relativity, al these conclusions follow
directly from 4D space-time curvature.

(B) LIGHT MOVING FROM THE CEILING TO THE FLOOR ON EARTH

Here the light is positioned on the celling of the room on the surface of the earth, and
propagates straight down to the observer on the floor. What happens to the light?
According to genera relativity, an observer outside the room in free fal observes the light
moving downward at the speed of light in a straight path. Meanwhile, according to general
relativity, an observer inside the room stationed on the floor also observes the light
moving downwards in a straight line. He also observes that the light is blue-shifted. He
makes a measurement of the light velocity with his measuring instruments (which were
calibrated within his reference frame) and observes that the velocity of light is the same on
the floor as he found when he measured received light speed in hisinterna reference frame
with the same instruments. In other words, the speed of light does not vary in al cases.
Closer examination reveals that clocks measured in his reference frame differ from the
clocks on the ceiling. In particular, the clock on the ceiling of the room runs faster than the
one on the floor. Distances are also affected. In general relativity, al these conclusions
follow directly from 4D space-time curvature.

(C) LIGHT MOVING PARALLEL TO THE SURFACE OF THE EARTH
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Here the light leaves the light source on the left wall of the room on the earth and
propagates in a curved path towards the observer on the right wall (figure 10).
Meanwhile, an observer in free fal towards the earth’s surface sees light moving in a
straight path. According to genera relativity, and light moves along the natural geodesics
of curved 4D space-time in the room. Meanwhile, an observer in free fal livesin flat 4D
space-time, and hence an observer sees straight-line paths for light. In general relativity, all
these conclusions are identical as for the observer accelerated in the rocket at 1g in
accordance with the principle of equivalence. Now we look at 4D space-time curvature
from the perspective of EMQG.

16. EMQG AND THE PROBLEM OF SPACE-TIME CURVATURE

“The relativistic treatment of gravitation creates serious difficulties. | consider it probable that the
principle of the constancy of the velocity of light in its customary version holds only for spaces with
constant gravitational potential.”

- Albert Einstein (in aletter to hisfriend Laub, August 10, 1911)

In this section, we contrast the two different approaches to the problem of space-time
curvature, and the propagation of light in a gravitational field: Einstein's General
Relativity and EMQG theory. First we will derive the gravitationa time dilation equation
using the solution to Einstein’s gravitational field equations for a spherical mass called the
Schwarzschild metric. Next, we fully develop the EQMG theory of space-time curvature.
From this, we calculate the quantity of space-time curvature usng EMQG theory, and
show that the results are the same.

16.1 GENERAL RELATIVISTIC 4D SPACE-TIME CURVATURE

Genera relativity accounts for the motion of light under all scenarios (section 16.1) for a
large spherica mass. Genera Relativity postulates space-time curvature in order to
preserve the constancy of the light velocity in an accelerated frame or in a gravitational
field. The solution of Einstein’s gravitational field equation for the case of spherical mass
distribution is given by the Schwarzchild metric (ref. 39):

d = dr*/(1 - 2GM/(rc®)) - c?dt* (1 - 2GM/(rc?)) + r?dw? (16.11)
where dW? = dof + sin? q df

This is a complete mathematical description of the space-time curvature near the large
spherica mass in spherical coordinates in differential form caled the 4D space-time
metric. From this, it is easy to show (ref. 39) that the comparison of time measurements
between a clock outside a gravitational field (called proper time t( ¥ ) to a clock at
distance r from the center of a spherical mass distribution (called the coordinate time t( r )
isgiven by:
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t(r) = (1 -26M/ ()2 t(¥)
(16.12)
which follows from Schwarzchild metric directly.

Using the relationship (1 - xX)™¥?» 1 - x/2 when x << 1, and redlizing the quantity 2GM/rc?
isvery small (for the earth thisis »10°°) we can write this as:

t(r)» (1 -GM/(c?)) t(¥) (16.13)

This gives the amount of time dilation between a clock on the earth “t( r )’ compared to a
clock positioned at infinity “t( ¥ )”. From this, we see that clocks on the earth run slower
then at infinity.

Similarly, from the metric, we find that the distance at point ( r ) follows as:

s(¥) = (1-26M/(c)) 2 (1), (16.14)

or we can also write this as;

s(r)» (1-6M/ ()" g(¥) (16.15)

This gives the amount of space distortion for rulers on the earth “s( r )” compared to
rulers positioned at infinity “s( ¥ )”.

16.2 EMQG AND 4D SPACE-TIME CURVATURE

In order to understand space-time curvature and the principle of equivalence in regards to
the equivalence of all light motion in an accelerated rocket compared with that on the
surface of the earth, we must examine the effects of the background virtual particles on
the propagation of light. The big question to consider hereisthis:

Does the general downward acceleration of the virtual particles of the quantum
vacuum near a large mass affect the motion of nearby photons? Or is the deflection
of photonstruly the result of an actual space-time geometric curvature (which holds
down to the tiniest of distance scales), as required by the constancy of the light
velocity in Einstein’s special relativistic postulate?

The answer to this important question hinges on whether our universe is truly a curved,
geometric Minkowski 4D space-time on the smallest of distance scales, or whether curved
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4D space-time results merely from the activities of quantum particles interacting with
other quantum particles. EMQG takes the second view! According to postulate 4 of
EMQG theory, light takes on the same general acceleration as the net statistical average
value of quantum vacuum virtual particles, through a ‘Fizeau-like' scattering process. By
this we mean that the photons are frequently absorbed and re-emitted by the electrically
charged virtual particles, which are (on the average) accelerating towards the center of the
large mass. When a virtual particle absorbs the real photon, a new photon is re-emitted
after a small time delay in the same general direction as the origina photon. This process
is called photon scattering (figure 10). We will see that photon scattering is centra to the
understanding of space-time curvature.

The velocity of light in an ordinary moving medium is already known to differ from its
value in an ordinary stationary medium. Fizeau (1851) demonstrated this experimentally
with light propagating through a current of water flowing with a constant velocity. Later
(1915), Lorentz identified the physics of this phenomena as being due to his microscopic
electromagnetic theory of photon propagation. Einstein attributed this to the special
relativistic velocity addition rule. In EMQG, we propose that in gravitational fields (and in
accelerated motion) the moving water of Fizeau's experiment is now replaced by the
accelerated virtua particles of the quantum vacuum. Like in the Fizeau experiment,
photons scatter by the accelerated motion of the virtual particles of the quantum vacuum.

Imagine what would happen if Fizeau placed a clock inside his stream of moving water.
Would the clock keep time properly, when compared to an observer with an identically
constructed clock placed outside the moving water? Of course not! The very idea of this
seems almost ridiculous. Yet we are expected to believe that the flow of virtual particles
does not affect clocks and rulers under the influence of a gravitational field, as compared
to the identical circumstance in far space. If Einstein knew the nature of the quantum
vacuum at the time he proposed general relativity theory, he might have been aware of this
connection between gravity, space-time curvature, and accelerated virtua particles.

In our review of specia relativity, we have seen (section 9) the importance of the
propagation of light in understanding the nature of space and time measurements. Recall
that the definition of an inertial frame in space is avast 3D grid of identicaly constructed
clocks placed at regular intervals with a ruler. Therefore, we will closely examine the
behavior of light near the earth.

In order to understand the connection between light propagation and space-time curvature
near a large gravitational field with EMQG theory, we find it useful to review the
behavior of a high-speed, non-relativistic test particle moving at 1/100 light velocity ¢ near
the earth. For the case where the test particle moves from the floor (distance r from the
center of the earth) to the ceiling (height r+h, where h is small) on the earth (where the
acceleration is 1g), we find that with an non-rdativistic initial velocity v, = 1/100 c, the
velocity of the particle at the detector is approximately (vo - gt). Here we can ignore all
relativistic effects. The particle has a downward acceleration of 1g, which is independent
of it'smass. Since t » h/c, we find that the final velocity of the particle with respect to the
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detector is given approximately by: vo(1 - gh/c®), according to Newtonian physics. The
reason for the change in the velocity of the high-speed particle (with respect to the
detector) is that as the particle moves up, there is a change in the Newtonian gravitational
potential on earth. This decelerates at —1g the particle as it moves towards the detector.

For the case where the same particle moves with velocity vo » 1 /100 ¢ from the floor of
an accelerated rocket (same 1g) to the ceiling at the same small height h, the fina
velocity of the particle with respect to the detector is again (vo -gt), but for a different
reason. As before, since t » h/c, and vo = /100 ¢, we find that the fina velocity of the
particle with respect to the detector is given approximately by: vo(1 - gh/c?) as in a
gravitational field. The reason for the change in the velocity of the high speed particle (as
viewed by the detector) is that as the particle moves up, it is now the detector itself which
attains the velocity (-gt) with respect to the particle during the time t, due to the
acceleration of the rocket. The end result is the same, but different physical processes are
occurring.

When viewed from the principles of EMQG theory, there is really only one reason for the
equality of the final rocket and earth velocities of our high-speed particle. In both cases,
the elementary particles that make up the high-speed particle maintained a net statistical
average acceleration of zero with respect to the virtual quantum vacuum particles. Thus,
for the fina velocity of the particle vo(1 - gh/c?) on the rocket, the acceleration 1g
represents the relative acceleration of the detector with respect to the high-speed particle
which is in equilibrium with the non-accelerating quantum vacuum. And for the final
velocity of the particle vo(1 - gh/c?) on the earth, the acceleration 1g represents the relative
acceleration of the detector with respect to the high speed particle which is also in
equilibrium with the surrounding, but now falling, quantum vacuum virtual particles. Thus,
on the earth, both the vacuum particles and the high-speed mass particle are falling at 1 g.
Meanwhile inside the rocket it is only the detector that has the 1g acceleration with
respect to the vacuum particles. We can see from this analysis that the equivalence of mass
applies for the rocket and for the earth. We must stress that although equivalence exists,
the physical processis actualy different.

We will now take a bold step and assume that for the case on the surface of the earth the
equation: c(1 - gh/c®) holds for the propagation of photons moving upwards, but only for
very short distances. Technicaly this is true only at a point, which means that this
equation must be written in differential form. We ignore the special relativistic postulate of
the constancy of light velocity for now, and address this problem later. This means that
photons continuoudly vary their velocity (the velocity of light is still an absolute constant
between vacuum scattering events) by scattering with the falling virtual particles, as they
propagate up or down. The scattering process will be described in detall later. If this
picture is true, why is it that we do not observe this variation in light velocity in actual
experiments on the earth?

First we must carefully understand what is meant by light velocity. Velocity is defined as
distance divided by time, or c=d/t. Light has very few observable characteristics in this
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regard: we can measure velocity c (the ratio of d/t); frequency n; wavelength | ; and we
can aso measure velocity by the relationship c=nl . It is important to note that al these
observables are related. We know that n = 1/t (t is the period of one light cycle) and | =d
(the length of one light cycle). Thus, c=d/t and c=nl are equivalent expressions. If we
transmit green light to an observer on the ceiling of a room on the earth, and he claims
that the light is red shifted, it isimpossible for him to tell if the red shift was caused by the
light velocity changing, or by space and time distortions which causes the timing and
length of each of the light cycles to change. For example, if the frequency is halved, or n¢ =
(1/2) n; and the wavelength doubles | ¢ = 2l ; (and you were not aware of both changes),
then the velocity of light remains unchanged (c=nl ). However, if the velocity of light is
halved, and you were not aware of it, then you could conclude that the frequency is
haved, n; = (1/2) n; and the wavelength doubles | 1 = 2 ;. To illustrate this point, we will
now examine what happens if an observer on the floor feeds a ladder (which represents the
wave character of light) with equally spaced rungs to an observer on the ceiling, where
each observer cannot see what the other observer does with the ladder.

Imagine a perfect ladder with equally space rungs of known length being passed up to you
at aknown velocity, such that it isimpossible to tell the motion of the ladder other than by
observing the rungs moving past you. If the rung spacing are made larger, you would
conclude that either the ladder is slowing down, or that the spacing of the ladder rungs
was increased. But it would be impossible to tell which is which. Let us assume that you
make a measurement on the moving rungs, and observe a spacing of 1 meter between any
two rungs. Then you observe that two rungs move past you every second. You therefore
conclude the velocity of the ladder is 2 m/sec. Now, suppose that the ladder is fed to you
at half speed or at 1 m/sec, and that you are not aware of this change in velocity. You
could conclude that the velocity halved from your measurements, because you now
observe that one rung appears in view for every second that elapses instead of two rungs,
and that the velocity was thus reduced to 1 m/sec. However, you could just as well
conclude that your space and time was dtered, and that the velocity of the ladder is
constant or unaffected. Since you observe only one rung in view per second instead of the
usual two rungs, you could claim that the rung spacing on the ladder is enlarged (red-
shifted) or doubled by someone, and that the velocity still remains unaltered. From this,
you conclude that the frequency is halved, and that time measurements that will be based
on this ladder are now dilated by a factor of two.

Which of these two approaches is truly correct? It is impossible to say by measurement,
unless you know before hand what trait of the ladder was truly altered. For photons, the
same problem exists. No known measurement of photons in an accelerated rocket or on
the surface of the earth can reveal whether space and time is affected, or whether the
velocity of light has changed. In EMQG theory, the variable light velocity approach is
chosen for severa reasons. First, the equivalence of light motion in accelerated and
gravitational frames now becomes fully understood as a dynamic process having to do
with motion (for gravity, hidden virtual particle motion), just as we found for ordinary
matter in motion. Secondly, the physical basis of the curvature of Minkowski 4D space-
time near alarge mass now becomes clear. It arises from the interaction of light and matter
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with the background accelerated virtual particle processes. This process can be visualized
as afluid flow (for acceleration only) affecting the motion of light and matter. Finaly, the
physical action that occurs between the earth and the surrounding space-time curvature
now becomes clearly understood. The earth acts on the virtual particles of the quantum
vacuum through graviton exchanges, causing them to accelerate towards the earth. The
accelerated virtual particles act on light and matter to produce curved 4D space-time
effects. The physical process involved is photon scattering.

Since photon scattering is essential to our 4D space-time curvature approach we will
examine scattering in some detail. First we review the conventiona physics of light
scattering in real moving, and real non-moving transparent matter such as water or glass.
After this review, we will examine photon scattering due to the virtua particles of the
quantum vacuum.

16.3 SCATTERING OF PHOTONSIN REAL, TRANSPARENT MATTER

It is a well known result of classical optics that light moves slower in glass than in air.
Furthermore, the velocity of light in air is dower than that of its vacuum velocity. It also
has been known for over a century that the velocity of light in a moving medium differs
from its value in the same, stationary medium. Fizeau demonstrated this experimentally in
1851 (ref. 41). For example, with a current of water (with refractive index of the medium
of n=4/3) flowing with a velocity V of about 5 m/sec, the relative variation in the light
velocity is 10® (which he measured by use of interferometry). Fresnel first derived the
formula (ref. 41) in 1810 with his ether dragging theory. The resulting formula relates the
longitudinal light velocity ‘v’ moving in the same direction as a transparent medium of an
index of refraction ‘n’ defined such that ‘c/n’ is the light velocity in the stationary medium,
which is moving with velocity ‘V’ (with respect to the laboratory frame), where c is the
velocity of light in the vacuum:

Fresnel Formula: ve = ¢/n + (1—-1n?) V (16.31)

Why does the velocity of light vary in a moving (and non-moving) transparent medium?
According to the principles of special relativity, the velocity of light is a constant in the
vacuum with respect to al inertia observers. When Einstein proposed this postulate, he
was not aware of the fact that the vacuum is not empty. However, he was aware of
Fresnel’s formula and derived it by the specid rdativistic velocity addition formula for
parallel velocities (to first order). According to special relativity, the velocity of light
relative to the proper frame of the transparent medium depends only on the medium. The
velocity of light in the stationary medium is defined as ‘c/n’. Recall that velocities u and v
add according to the formula: (u + v) / (1 + uv/c?

Therefore:

Ve=[cn+V]/[1+(cn) (V)P] = (cn+V)/(1+VI(nc)) » c/n+(1—1Un)V
(16.32)
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The specid relativistic approach to deriving the Fresnel formula does not say much about
the actual quantum processes going on at the atomic level. At this scale, there are severd
explanations for the detailed scattering process in conventional physics. Because light
scattering is central to EMQG theory, we will investigate these different approaches in
more detail below:

16.31 CLASSICAL PHOTON SCATTERING THEORY IN MATTER

The Feynman Lectures on Physics gives one of the best accounts of the classical theory of
the origin of the refractive index and the dowing of light through a transparent material
like glass (ref. 42, chap. 31 contains the mathematical details). We will summarize the
important points of the argument below:

(1) The incoming source electromagnetic wave (light) consists of an oscillating electric
and magnetic field. The glass consists of electrons bound elastically to the atoms, such
that if aforce is applied to an electron the displacement from its normal position will
be proportional to the force.

(2) The oscillating electric field of the light causes the electron to be driven in an
oscillating motion, thus acting like a new radiator generating a new electromagnetic
wave in the same direction as the source wave. This new wave is aways delayed, or
retarded in phase. This delay results from the time delay required for the bound
electron to oscillate to full amplitude. Recall that the electron carries mass, and
therefore inertia, and therefore time is required to move the electron.

(3) The tota resulting electromagnetic wave is the sum of the source electromagnetic
wave plus the new phase-delayed electromagnetic wave, where the total resulting
wave is phase-shifted.

(4) The resulting phase delay of the electromagnetic wave is the cause of the reduced
velocity of light in amedium such as glass.

16.32 LORENTZ SEMI-CLASSICAL THEORY OF PHOTON SCATTERING

The microscopic theory of the light propagation in matter was developed as a
consequence of Lorentz's non-relativistic, semi-classical electromagnetic theory. We will
review and summarize this approach to photon scattering, which will not only prove useful
for our analysis of the Fizeau effect, but will provide insight into the ‘Fizeau-like
scattering of photons near large gravitational fieldsin EMQG theory.

To understand what happens in photon scattering inside a moving medium, imagine a
simplified one-dimensional quantum model of the propagation of light in a refractive
medium. The medium consisting of an idealized moving crystal of velocity ‘V’, composed
of evenly spaced point-like atoms of spacing ‘I’. When a photon traveling between atoms
at aspeed ‘'c’ (vacuum light speed) encounters an atom, that atom absorbs it and another
photon of the same wavelength is emitted after a time lag ‘t’. In the classical wave
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interpretation, the scattered photon is out of phase with the incident photon. We can thus
consider the propagation of the photon through the crystal is a composite signal. As the
photon propagates, part of the time it exists in the atom (technically, existing as an
electron bound elastically to some atom), and part of the time as a photon propagating
with the undisturbed light velocity ‘c’. When it exists as a bound electron, the velocity is
‘V'. From this, it can be shown (ref. 41, an exercise in agebra and geometry) that the
velocity of the composite signa ‘v (ignoring atom recoil, which is shown to be
negligible) is.

Ve=c [L+ (Vt/) (L- VIO / [1+ (ct/) (1-VIC)] (16.321)

If weset V=0, thenv,=c /(1 + ct/l) = c/n. Therefore, t/l = (n— 1)/c. Inserting thisin the
above equations give:

Ve= [(c/n) + A-1Un)V (1-VIO)]/[1- 1-Un)(V/O)]» cn+(1-1Un?)V
(to first order in V/c). (16.322)

Again, this is Fresnd’s formula. Thus the simplified non-relativistic atomic model of the
propagation of light through matter explains the Fresnel formula to the first order in V/c
through the ssimple introduction of a scattering delay between photon absorption and
subsequent re-emission. This analysis is based on a semi-classical approach. What does
guantum theory say about this scattering process? The best theory we have to answer this
guestion is QED.

16.33 QUANTUM FIELD THEORY OF PHOTON SCATTERING IN MATTER

The propagation of light through a transparent medium is a very difficult subject in
guantum field theory (or QED). It isimpossible to compute the interaction of a collection
of atoms with light exactly. In fact, it is impossible to treat even one atom’s interaction
with light exactly. However, the interaction of a real atom with photons can be
approximated by a simpler quantum system. Since in many cases only two atomic energy
levels play a significant role in the interaction of the electromagnetic field with atoms, the
atom can be represented by a quantum system with only two energy eigenstates. In the
book “Optical Coherence and Quantum Optics’ a thorough treatment of the absorption
and emission of photons in two-level atoms is given (ref. 43, Chap. 15, pg. 762). When a
photon is absorbed, and later a new photon of the same frequency is re-emitted by an
electron bound to an atom, there exists a time delay before the photon re-emission. The
probabilities for emission and absorption of a photon is given as a function of time Dt for
an atom frequency of wp and photon frequency of w; :

Probability of Photon Absorptionis. K [ sin (0.5(w; - W) Dt) / ( 0.5(w - W) ]2
Probability of Photon Emission is. M [ sin (0.5(w; - W) Dt) / ( 0.5(W - W) ]2
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(16.331)
(where K and M are complex expressions defined in ref. 43)

The important point we want to make is that the probability of absorption or emission
depends on the length of time Dt (where the probability of the emission is zero, if the time
Dt = 0). In other words, according to QED a finite time is required before re-emission of
the photon. There are other factors that affect the probability, of course. For example, the
closer the frequency of the photon matches the atomic frequency, the higher the
probability of re-emission in some given time period. The question we want to address
next is the effect of the virtua particles of the quantum vacuum on the propagation
velocity of real (non-virtual) photons.

164 SCATTERING OF PHOTONSIN THE QUANTUM VACUUM

The above analysis can now be used to help us understand how photons travel through the
virtual particles of the quantum vacuum. First we investigate the propagation of photons
in the vacuum in far space, away from al gravitational fields. The virtual particles al have
random velocities and move in random directions, and have random energies DE and life
times Dt, which satisfies the uncertainty principle: DE Dt > h/(2p). Imagine a rea photon
propagating in a straight path through the virtual particles in a given direction. The real
photon will encounter an equal number of virtual particles moving in a certain direction, as
it does from the exact opposite direction. The end result is that the quantum vacuum
particles do not contribute anything different than if all the virtua particles were at relative
rest. Thus, we can consider the vacuum as some sort of stationary matter medium, with a
very high density.

Is the progress of the real photon delayed as it travels through the quantum vacuum,
where it encounters many electrically charged virtual particles? The answer to this
guestion depends on whether there is atime delay between the absorption, and subsequent
re-emission of the photon by a given virtual particle. Based on our arguments above, we
postulate that the photon is delayed as it travels through the quantum vacuum (EMQG
Postulate #4). The uncertainty principle definitely places a lower limit on this time delay.
In other words, according to the uncertainty principle the time delay cannot be exactly
equal to zero! Our examination of the physics literature has not revealed any previous
work on the time delay analysis of photon propagation through the quantum vacuum, or
any evidence to contradict our hypothesis of photon vacuum delay (presumably because of
the precedent set by Einstein’s postulate of light speed constancy).

We will take the position that the delays due to photon scattering through the quantum
vacuum reduces the ‘raw light velocity ¢’ (defined as the photon velocity between vacuum
particle scattering) to the average light velocity ‘¢’ in the vacuum of 300,000 km/sec that
we observe in actual experiments. Furthermore, we propose that the quantum vacuum
introduces a vacuum index of refraction ‘n’ such that ¢ = ¢, / n. What is the raw light
velocity? It is unknown at this time, but it must be significantly larger than 300,000
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km/sec. The vacuum index of refraction ‘n” must be very large because of the high density
of virtua particles in the vacuum. What happens if the entire quantum vacuum is
accelerated? How does the motion of a photon get affected? These questions turn out to
have a deep connection to space-time curvature.

165 PHOTON SCATTERING IN THE ACCELERATED QUANTUM VACUUM

Anyone who believes in the existence of the virtua particles of the quantum vacuum
(which carry mass), will acknowledge the existence of an accelerated state of virtual
particles of the quantum vacuum near any large gravitational field. The graviton-masseon
postulate states that gravitons from the real masseons on the earth exchange gravitons
with the virtual masseons (both the virtua masseons and anti-masseons), causing a
downward acceleration. The virtual particles of the quantum vacuum (now accelerated by
a large mass) acts on light (and matter) in a similar manner as a stream of moving water
acts on light in the Fizeau effect. How does this work mathematically? Again, it is
impossible to compute the interaction of an accelerated collection of virtual particles of
the quantum vacuum with light exactly. However, a smplified model can yield useful
results. We will proceed using the semi-classica model proposed by Lorentz, above. We
have defined the raw light velocity ‘c’ (section 9) as the photon velocity in between
virtual particle scattering. Recall that raw light velocity is the shifting of the photon
information pattern by one cell at every clock cycle on the CA, so that in fundamental
units it is an absolute constant (section 9). Again, we assume that the photon delay
between absorption and subsequent re-emission by avirtual particleis‘t’, and the average
distance between virtual particle scattering is‘I’. The scattered light velocity v.(t) is now a
function of time, because we assume that it is constantly varying as it move downwards
towards the surface in the same direction of the virtual particles. The virtual particles
move according to: a=gt, where g = GM/R?.

Therefore we can write the velocity of light after scattering (equation 16.321) with the
accelerated quantum vacuum:

Ve(t) = ¢ [1+ (gtt/l) (1- gt/c)] /[1+ (ct/) (1- gt/c)] (16.51)

If we set the acceleration to zero, or gt = 0, then v(t) = ¢ / (1 + ¢t/l) = ¢/n. Therefore,
t/l = (n—1)/c. Inserting thisin the above equation gives:

Ve(t) = [(c/n) + L—-Un)gt (1-gt/c)] /[1- (L-Ln)(gt/c)] » c/n + (L—1n’) gt
to first order in gt/c.. (16.52)

Since the average distance between virtual charged particles is very small, the photons
(which are always created at velocity ¢;) spend most of the time existing as some virtual
charged particle undergoing downward acceleration. Because the electricaly charged
virtua particles of the quantum vacuum are falling in their brief existence, the photon
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effectively takes on the same downward acceleration as the virtua vacuum particles
(postualte #4). In other words, because the index of refraction of the quantum vacuum ‘n’
isso large, and ¢ = ¢/n we can write in equation 16.52:

V() = c/n + (1-1Un’) gt=c+gt=c(1+gtlc) if n>>1. (16.53)
Similarly, for photons going against the flow (upwards): v(t) = ¢ (1 - gt/c) (16.54)

We will see that this formula for the variation of light velocity near a large gravitational
field leads to the correct amount of general relativistic space-time curvature (section 16.6).

Einstein, himsalf briefly consdered the hypothesis of variable light velocity near
gravitational fields shortly after releasing his paper on the deflection of light in
gravitational fields (ref. 33), as can be seen in the quotation at the beginning of this
section. It would be interesting to contemplate what Einstein might have concluded if he
new about the existence of virtua particles undergoing downward acceleration near a
massive object (or in accelerated frames). Since Einstein was aware of the work by Fizeau
on the effect of light velocity by a moving media, he might have been able to explain the
origin of space-time curvature at the quantum level.

Now let us imagine that two clocks that are identically constructed, and each calibrated
with a highly stable monochromatic light source in the same reference frame. These clocks
keep time by using a high-speed electronic divider circuit that divides the light output
frequency by “n” such that an output pulse is produced every second. For example, the
light frequency used in the clock is precisely calibrated to 10" Hz; this light frequency is
converted in to an eectronic pulse train of the same frequency, where it is divided by 10™
to give an electronic pulse every second. Another counter in this clock increments every
time a pulse is sent, thus displaying the total time elapsed in seconds on the clock display.
Now, let us place these two clocks in a gravitationa field on earth with one of them on the
surface, and the other at a height “h” above the surface. The clocks are compared every
second to see if they are till running in unison by exchanging light signals. As time
progresses, the clocks loose synchronism, and the lower clock appears to run slower.
According to generd relativity, light aways maintains a constant speed, and space-time
curvature is responsible for the difference in the timing of the two clocks. Recalling the
accelerated Fizeau-like quantum vacuum fluid, we can derive the same time dilation effect
by assuming that the light velocity has exactly the same downward acceleration
component of the background falling quantum vacuum virtual particles.

16.6 SPACE-TIME CURVATURE FROM SCATTERING THEORY

We are now in a position to formulate the EMQG equations for the time dilation near a
large gravitational mass based on the Fizeau-like quantum vacuum fluid. We assume that
light is moving upward from the surface of the earth. As the photon moves upward from
point r to point r+Dr it decelerates at -1g according to equation 16.54:
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c(r+Dr)=c(r) (1-gDt /¢ (16.61)
Since Dt = Dr /c for small distances, we can now write:

c(r+Dr)=c(r) (1-gDr/cd (16.62)
Since, g = GM/r? at point r above the center of the earth, we can write this as:
c(r+Dr)=c(r) (1-GM Dr/r*c? (16.63)

Since, the only observable property of light that we can be sure about is the red shift, as
discussed in section 16.2, and c = n |, it follows:

n(r+Dr)=n(r) (1-GM Dr/r*c? (16.64)
from which the wavelength appears longer by the same factor, or
| (r+Dr)=1(r) (1+GM Dr/r*c? (16.65)

To find the total change in frequency from point r to infinity, we integrate GM Dr / r? ¢*:

6¥ GM/(r’c®)dr = GM/ (r*c?) and therefore, (16.66)
o
n(¥)=n(r) (1-GM/rc® (16.67)

But, since n = 1/t by definition, therefore time is affected as follows:
1/t(¥ )= (1/t(r)) (1-GM /(rc?d) (16.68)
Findly, we have:

t(r=(1- GM/(rc®)) t(¥ ) (16.69)
which is the exactly the same expression for time dilation from the Schwarzchild metric.
Similarly, wavelength received at infinity is increased by the following expression:
L(¥)=1(r) 1+GM/rc?) (16.691)
Now, an observer at infinity can use the light signal from the surface of the earth to make

measurements of distance in his reference frame at infinity. For example, suppose that in
his own reference frame, areference laser light source is used to measure a given reference
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length, and say that this corresponds to 1,000,000 wavelengths or 10° | ,, where | , is the
reference wavelength. Subsequently, he uses the light received from the surface of the
earth from an identically constructed reference laser light source (I ;) to measure the same
length, and finds that when he counts the standard 1,000,000 wavelengths the reference
length has shortened (because of the wavelength increase). In general he concludes that
the distances at infinity S( ¥ ) are contracted by the amount:

(¥)=5r) 1-GM/rc?) (16.692)

compared to distances S r ) on the surface of the earth. Finally, we can write:
r)=(1- GM/(rcd)) *s(¥) (16.693)

which is the exactly the same expression for length that we found from the Schwarzchild
metric. This equation specifies the amount of distortion for rulers on the earth “s( r )”
compared to rulers positioned at infinity “s( ¥ )”. Thus by postulating that it is the light
velocity that is actually varying (and not space-time curvature), we are led to the same
amount of red shift, and the same amount of space-time curvature.

We can now see that in order to formulate a theory of gravity involving observers with
measuring instruments (such as clocks and rulers) we must take into account how these
measurements are affected by the local conditions of the quantum vacuum. Our analysis
above shows that quantum vacuum can be viewed as a Fizeau-like fluid undergoing
downward acceleration near a massive object, which affects the velocity of light. Indeed,
not only is the velocity of light affected, it is all the particle exchange processes including
graviton exchanges. Therefore, we find that the accelerated Fizeau-like * quantum vacuum
fluid' effects all forces. This has consequences for the behavior of clocks, which are
constructed with matter and forces. After all, nobody questions the fact that a mechanical
clock submerged in moving water cannot keep proper time with respect to an external
clock. Similarly, a clock near a gravitational field (with a Fizeau-like, quantum vacuum
fluid flow inside the clock) also cannot be expected to keep proper time with respect to an
observer outside the gravitational field. The accelerated Fizeau-like ‘quantum vacuum
fluid” moves along radius vectors directed towards the center of the earth, and thus has a
specific direction of action. Therefore, the associated space-time effects should also work
along the radius vectors (and not parallel to the earth). This is precisely the nature of
curved 4D space-time near the earth, as we will see (section 15.7).

For the case of light moving parallel to the earth's surface, the light path is the result of a
tremendous number of photon to virtual particle scattering interactions (figure 10). Again
in between virtual particle scattering, the light velocity is constant and ‘straight’. The total
path is curved as shown in figure 10. The path the light takes is called a geodesic in
general relativity. In EMQG, this path ssimply represents the natural path that light takes
through the accelerated vacuum. For the case of light moving paralel to the floor of the
accelerated rocket (figure 11), the path for light is also the result of virtual particle
scattering, but now the quantum vacuum is not in a state of relative acceleration.
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Therefore, the path is straight for the observer outside the rocket. The observer inside the
rocket sees a curved path ssimply because he is accelerating upwards.

We now see why Einstein’s gravitational theory takes the form that it does. Because of the
continuously varying frequency and wavelength of the light with height, Einstein
interpreted this as a variation of space and time with height. We postulated that the
scattering of light with the falling vacuum changes the light velocity in absolute CA units,
which cause the measurements of space and time to be affected. As we have already seen,
these two aternative explanations cannot be distinguished by direct experimentation. This
iswhy the principle of the constancy of light velocity is still a postulate in genera relativity
(through the acceptance of specia relativity).

We are now in a position to understand the concept of the geodesic proposed by Einstein.
The downward acceleration of the virtual electrically charged masseons of the
guantum vacuum serves as an effective ‘electromagnetic guide’ for the motion of light
(and for test masses) through space and time. This ‘electromagnetic guide’ concept
replaces the 4D space-time geodesics that guide matter in motion in relativity. For light,
this guiding action is through the electromagnetic scattering process of section 16.4. For
matter, the electrically charged virtua particles guide the particles of a mass by the
electromagnetic force interaction that results from the relative acceleration. Because the
quantum vacuum virtual particle density is quite high, but not infinite (at least about 10%
particlessm®), the quantum vacuum acts as a very effective reservoir of energy to guide the
motion of light or matter.

The relative nature of 4D space-time can now be easily seen. Whenever the background
virtual particles of the quantum vacuum are in a state of relative acceleration with
respect to an observer, the observer lives in curved 4D space-time. Why should the
reader accept this new approach, when both approaches give the same result? The reason
for accepting EMQG is that the action between a large mass and 4D space-time curvature
becomes quite clear. The reason that 4D space-time is curved in an accelerated reference
isaso clear, and very much related to the gravitational case.

The relative nature of curved 4D space-time aso becomes very obvious. An observer
inside a gravitationa field would normally live in a curved 4D space-time. If he decides to
free-fall, he cancels his relative acceleration with respect to the quantum vacuum, and 4D
space-time is restored to flat 4D space-time for the observer. The principle of general
covariance no longer becomes a principle, but merely results for the deep connection
between the quantum vacuum state for accelerated frames and gravitational frames. Last,
but not least, the principle of equivalence is completely understood as a reversal of the
(net statistical) relative acceleration vectors of the charged virtual masseons of the
guantum vacuum, and real masseons that make up a test mass. We have seen EMQG at
work for spherically symmetrical and non-rotating masses. What about the nature of the
virtual particle acceleration field around an arbitrary mass distribution in any state of
motion?
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17. THE EMQG GRAVITATIONAL FIELD EQUATIONS

By treating the quantum vacuum as a continuous fluid surrounding an absolute mass-
density r, we can formulate classical EMQG equations of motion for an arbitrary mass
distribution. Here we derive the EMQG gravitational equations of the motion of the
virtual masseon particles of the quantum vacuum near an arbitrarily shaped large mass
with absolute mass density r. We further assume that there is a large enough mass
involved which will significantly disturb the nearby quantum vacuum particles, and that the
graviton flux is not so high as to disrupt the principle of equivalence. If the graviton flux is
extremely high, it can compete with the normal electromagnetic forces in the vacuum and
disturb equivalence. Furthermore, since the density of the virtual particles in the quantum
vacuum is so high (at least 10%° particles per cubic meter), the variation of the virtual
particle acceleration from point to point in space can be considered as a classical
continuous field. Therefore, the methods of vector calculus can be used with the
assumption that CA space and separate CA time form a perfect continuum, and that the
acceleration of the virtual particles from place to place is a mathematica vector field. The
EMQG field equations are formulated in absolute CA space and time units, and thus not
directly observable (space-time effects mask these results).

We will start by reviewing the classical equations of gravitation as given by Newton and
Poisson and see how these relate to EMQG theory. Central to development of the EMQG
equations of virtual particle motion is the concept of forces as particle exchanges.

171 THE CLASSICAL NEWTONIAN GRAVITATIONAL FIELD

‘... and the Newtonian scheme was based on a set of assumptions, so few and so simple, developed
through so clear and so enticing a line of mathematics that conservatives could scarcely find the heart
and courage to fight it.’

- |saac Asimov

Hereis a brief review of the classical laws of gravitation based on the classical concept of
aforce field. The field concept can be traced to Newton’s instantaneous law of gravity for
two point masses repeated for the large collection of particlesin the mass.

Newton’s law of gravitation: F=GM; M /r? (17.2)

which is the mathematical form of Newton’s gravitationa law for the force F between two
point masses M; at (x,y,z) and M at (X', y’',z') directed along the line between the two
points, r is the distance between the two particles; r = [(x-x')? + (y-y')? + (z-z)]*? , and
G is Newton'’s gravitational constant G=6.673x10"* m® kg™ s°. This can be stated in a
concise form as follows:

“Every particle in the universe attracts every other particle with a force which is
directly proportional to the product of the two masses and inversely proportional to the

121



sgquare of the distance between them; the direction of the force being in the line joining
the two mass particles.” Thisforce actsinstantaneoudly.

According to the particle exchange paradigm, this law works the same way as Feynman's
photon exchange process in Coulomb’s law of electrica attraction. Newton's inverse
square law is a result of the geometry of the graviton exchange process. The exchange
particle flux density spreads out on the surface of a sphere (area = 4pr?), and the flux is
directly proportiona to the product of the magnitudes of the masses. Stated in terms of
masseons, the product of the number of masseon particles contained in each of the point
masses determines the number of gravitons exchanged. Furthermore, since gravitons move
a the speed of light, there is a delay in transmitting the force of gravity that was
overlooked by Newton, which will be closely examined later. The graviton particles do not
interact with each other, just like the photons do not interact with other photons (through
some force exchange process).

If we now let M; be a test particle of unit mass, then dividing the force of gravity by M;
provides the gravitational attraction g produced by a mass M; at the location of the test
particle P(x,y,z) along the unit vector r:

g(xy,2) = -GMr/r? (17.2)

where r is a unit vector directed from the mass M to the test mass at point P(X,y,z).
Because g has units of force divided by mass (or acceleration), it is sometimes called the
gravitational acceleration. Any particle of any mass value at point P(x,y,z) will have the
same acceleration due to the principle of equivalence. Therefore, g represents the average
acceleration vector of the virtual masseon particles in the quantum vacuum at that point. It
is known that the gravitational attraction g is an irrotationa classic field because N x g =
0. From the Helmholtz theorem (ref. 44), gravitational attraction is a conservative field
and can be represented as the gradient of the Newtonian scalar potential field f (x,t):

g=Nf ,wheref =GM /r (17.3)

Newton's law treats gravitational forces between particles as vectors. When this law is
generalized to alarge number of particles interacting, the concept of a mass distribution as
acollection of alarge number of particles emerges. But for this concept to work properly,
the gravitational potential must obey the principle of superposition:

The gravitational potential of a collection of masses is the sum of the gravitational
attractions of the individual masses. The net force on a test particleisthe vector sum
of the forces dueto all the mass particlesin space.

The principle of superposition gives us one of the most important properties of the
graviton particles (postulate #2): graviton particles do not exhibit force interactions with
other graviton particles. Thus the total graviton interaction is the vector sum of the
individua graviton interactions. This works the same way as the superposition principle
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works for photons in QED. The principle of superposition can be applied to find the
resultant gravitational attraction as the limit is taken towards a continuous distribution of
matter. A continuous distribution of matter with mass m is defined as a collection of a
great many very small masses dm = r (X,y,z) dv, where r (x,y,z) is defined as the mass-
density of the distribution, and dv is the change in volume.

We follow the work of Bernard F. Schutz (ref. 45) for the Newtonian gravitational
potential. The force on a unit test mass at the coordinate (x,y,z) is the vector sum of an
infinite and continuous distribution of particles in the mass. The concept of a vector force
field can be thought of as the force that will be applied to a unit mass at point (x,y,z). This
force is usually written in the form of the gravitational potential f (x,t) and this can
calculated by solving Poisson’s equation for the mass distribution:

Poisson’s Equation: N*f =4pG r (x,y,zt) (17.4)

wheref isthe Newtonian gravitational potentia field, r is the mass density function of the
source mass which is a function of position (x,y,z) and of timet (the mass distribution can
be in motion). In Newtonian physics, the gravitational potentia f follows the variation of
the mass distribution r instantaneously. For example, when the earth orbits the sun, the
gravitational potential of the earth follows the earth exactly, no matter what the speed of
the orbit.

Poisson’ s equation has the solution for the Newtonian potential f n(x,t) given by:
Newtonian Potential: fy(xt)=-G Or(y,t) r*d’y , wherer© |x-y| (17.5)

This can be thought of as a superposition of the Lr potentia fields of each of the mass
elements given by mass r d’ at position (y,t). The vector r represents the distance
between the unit test mass at (x,y,z) and the mass element r (y,t) d*y. These equations are
formulated with Newton’s version of absolute space and time, which we will discuss | ater.

172 EMQG GRAVITATIONAL FIELD EQUATION FOR A SLOW MASS

Based on the above arguments, we want to formulate the equations of motion of the
virtual particles of the quantum vacuum near a slow mass. The particle exchange process
responsible exists in absolute 3D space and time on the cellular automata level. We can
approximate the discrete nature of CA 3D space by a 3D-space continuum based on the
smple 3D Cartesan coordinate system. Thus, Newton's absolute space and time is
replaced by cellular automata units of cells and ‘clock’ cycles. The origin (0,0,0) is
arbitrary and usually taken at the center of mass (which may be moving with respect to the
absolute CA cell space).

In EMQG, the gravitational potential is of secondary importance. What we really need to
know to calculate anything is the net statistical average acceleration of a virtual particle at
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point (x,y,z), and the direction of acceleration at that point in space (which is determined
by the absolute mass distribution). This acceleration is independent of the mass of a virtual
particle, by virtue of the microscopic principle of equivalence in section 15.10. Hence, we
can formulate a classical vector acceleration field ‘a’, which would represent the
acceleration that any (small) mass placed at any point would achieve. Here we assume that
the velocity of the mass distribution is much less than the speed of the graviton particles (v
<< (), 0 that variations of mass density r (y,t) with time causes the Newtonian potential
f n(x,t) to follow it instantaneously. We will derive the acceleration vector ‘a’ from the
gravitational potential f y(X,t) at a point (X,y,z).

Fortunately, it is easy to convert from Newtonian gravitational potential f y(x,t) at a point
(x,y,2) to the acceleration ‘a’ of a typical virtua particle at that same point. First, the
vector force F components are calculated from the potential vector at point (X,y,z) as
follows:

F =Kf, fromwhich: F,=9f /9x, F,=9f /Ty, F.=1f / 9z (17.22)

The force vector F has the above (x,y,z) vector force components for the gravitational
attraction which is originating from the mass distribution r (y,t). This force is what acts on
a unit of test mass (m=1) at the point (x,y,z). Thus, the acceleration vector of a typical
virtual particle in the quantum vacuum at point (x,y,z) is aso given by the same ‘a’ by
virtue of the principle of equivalence, i.e. all massesfal at the same rate at a given point.

Therefore, the (x,y,z) components of the acceleration vector of a typica virtual particle
located at point (X,y,z) due to the graviton exchange with the mass distribution r is given

by:

THE EMQG EQUATIONS FOR THE VIRTUAL PARTICLE ACCELERATION
FIELD AT A POINT (X,Y,Z) FOR A SLOW MOVING MASS DISTRIBUTION:

Wehave:a=Nf,or A, =Tfn/Tx, Ay=Tn/Ty, A, =Tfn/1z (17.22)
where, fn(X,t) =-G Or(y,)riddy , ro|[x-y| (17.23)

We are still using Newton’s version of absolute distance and time, which are equivalent to
cellular automata space and time units. We are also using Newton's absolute mass or
mass-density. The origin (0,0,0) is taken at the center of mass, which may be moving with
respect to the cells in CA space via the smple Galilean coordinate transformation. This
formulation acknowledges the absolute nature of CA space and time, which is observer
independent. Because of the 3D geometric cellular automata connectivity, the cell
structure is best represented in Cartesian coordinate system as is done here.

17.3 THEEMQG FIELD EQUATIONS FOR A HIGH SPEED MASS
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Here we will determine the equations for the acceleration of the virtua particles and their
direction at each point in space, as determined by a high speed (v approaches ¢) mass
distribution. Here we assume that the velocity of the mass distribution can be comparable
to the speed of the graviton particles, so that there will be a delay or retardation between
the variations of the mass density r (y,t) with time, and thus the corresponding Newtonian
potential f n(x,t). The delay is due to the velocity of the graviton particles, which moves at
the speed of light. The gravitons propagate from the mass distribution to a unit test mass
at point (x,y,z) which are also occupied by a dense collection of virtual particles. The
virtual particlesin turn, are responsible for the subsequent force of gravity on that unit test
mass by means of the electromagnetic force on a test mass, as discussed previoudy. This
retardation can be easily introduced in the Newtonian potential function f y(x,t) as follows:

fr(xt) =-G Or(y,t-r/c) rtdy (17.31)

Here, achangeinr aty ought to be felt at x only after atime|x -y |/ ¢, the propagation
delay of the graviton particles. This leads to a modified high speed potential field f r(X,t).
Again, this can be thought of as a superposition of the 1/r potential fields of each mass
element given by massr d®y at position (y,t). This superposition is justified because the
graviton flux satisfies linear superposition. As before, the vector r represents the distance
between the unit test mass at (x,y,z) and the mass element r (y,t) d°y.

It can be shown that f g satisfies the following equation:
N¥r - (A TP/ TP= 4pGr(xy,zt) (17.32)

The solution to equation 17.32 is the gravitationa potentia fr(x,t) a a point (X,y,z).
Again, the virtual particle acceleration vector a at that point is the derivative of the
potential. Therefore the (x,y,zZ) components of the acceleration vector of a typica virtua
particle located at point (x,y,z) due to the graviton exchange with the mass distribution r
isgiven by:

THE EMQG EQUATIONS FOR THE VIRTUAL PARTICLE ACCELERATION
FIELD AT A POINT (X,Y,Z) FOR A HIGH SPEED MASS DISTRIBUTION:

Wehave,a=Nfg,or Ac=Tfr/Tx, A =Tr/Ty, A, =Tfr/Tz (17.33)
wherefg(x,t) =-G Or(y,t-r/c)rtdly (17.34)
Again, we must emphasize that these equations are not formulated in the Minkowski four-
dimensiona curved space-time formalism of genera relativity, which is derived for an
arbitrary observer with his space-time measuring instruments and chosen coordinate

system. Instead, these equations are based on absolute cellular automata space and time
units. The x, y, and z distances are measured as a count of the number of cells occupying a
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given length in space, and the time t as a count of the number of ‘clock’ cycles that has
elapsed between two events on the CA. The origin (0,0,0) is usualy the center of the mass
distribution. These equations approximately represent the inner workings of the gravity on
the cellular automata as seen by the cells themselves, and are independent of a physica
observer and his instruments. Because of this, these equations cannot be verified directly
by experiment.

Therefore, these equations are not generally covariant because they are not formulated for
an arbitrary observer in any reference frame with measuring instruments made from
matter. They are formulated in the specific coordinate system of the CA cell space, and are
all written in vector form (not as tensors). The mass-density r is also treated as the
absolute mass-density, which is independent of the observer. The source of the Newtonian
gravitationa field is the mass-density which is given by r = mass/volume. According to
relativity, mass and volume are observer dependent, i.e. they vary with the state of motion
of the observer. For example, if an observer is moving at relativistic speeds with respect to
the mass distribution, the mass varies according to m = my (1-v¥/c?)™?, where v is the
relative velocity. Similarly, the volume is Lorentz contracted, which is also an observer
dependent entity. Thus, the mass-density varies from observer to observer. In EMQG,
there exists absolute space, absolute time, and an absolute mass distribution (or collection
of masseon particles) that occupies a definite number of cells. An event takes a definite
number of ‘clock’ cycles. EMQG is not formulated for an arbitrary observer. How would
one formulate these same laws of gravity from the perspective of an arbitrary observer in
an arbitrary state of motion, who chooses an arbitrary coordinate system for his
measurements? It turns out that Einstein has already accomplished this task beautifully in
his gravitational field equations.

17.4 EINSTEIN'S GENERAL COVARIANT GRAVITATIONAL EQUATION

Einstein's goal was to propose a theory of gravity while retaining the basic postulates of
specia relativity in regards to the speed of light being a universa constant. Simple
considerations of the motion of light inside an accelerated rocket and the principle of
equivalence led him to postulate the curvature of four-dimensional Minkowski space-time.
This postulate allows him to retain light as an absolute constant (light still moves perfectly
‘straight’), while proposing that the space-time that light moves in is curved. This 4D
space-time curvature guides light to move aong the curved geodesic paths of the
background space-time, which are the ‘straight lines of Riemann geometry. This idea,
along with the principle of genera covariance, led Einstein to formulate his theory of
gravitation in the form of quasi-Riemannian geometry. Einstein started with Poisson’s
eguation, just as we have done in EMQG. Through the use of tensors and the principle of
equivalence, Einstein was able to formulate 4D space-time curvature in a form that was
generally covariant. This adlowed observers to switch between accelerated and
gravitational frames at will, or to switch between different coordinate systems, and yet
have the same general form for the gravitational equations.
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The postulates of general relativity, along with the specia theory of relativity and the
mathematics of Riemann Geometry lead to the famous Einstein gravitationa field
eguation:

Gab = (8pG /) Tap ... Einstein’s Tensor Gravitational Field Equations (17.41)

Gap is the Einstein tensor, which is the mathematical statement of space-time curvature,
that is reference frame independent, and generally covariant. T,y is the stress-energy
tensor, which is the mathematical statement of the specia relativistic mass-energy density
(and observer dependent), and G is Newton's gravitational constant, and c the velocity of
light. The constant G here still reflects the Newtonian aspects of general relativity. The
constant 8pG/c? is chosen to adjust the strength of coupling between matter and 4D
space-time, so that it corresponds to the correct amount of Newtonian gravitational force.

Thus, Einstein has accomplished an observer dependent formulation of gravity. In
contrast, EMQG formulates the law of gravity that is not observer dependent. Instead, it
is based on the only truly important units of measurement: the cellular automata absolute
units of space and time, which is not directly accessible to measurement. Einstein
concluded that space-time is four-dimensional, and curved in order to be compatible with
a constant light velocity in all frames. Einstein observed that when light moves pardld to
the surface of the earth, light will curve (also for an accelerated observer). Either he
abandons the postulate of constancy of light velocity, and alows light move in curved
paths, or he must have space and time curved somehow, by the unknown action of the
nearby mass distribution, in which case light velocity can be constant and follow a
geodesic path. Einstein chose the later approach, but could never find the physical action
that causes matter to curve 4D space-time.

18. EINSTEIN’'S SPECIAL RELATIVITY REVISITED

After presenting EMQG theory in full, we need to briefly revisit specid relativity in order
to clarify a few points. First, we review some of the important results of EMQG theory
that affect the results of specia relativity theory. The light velocity (absolute units) near a
large gravitationa field is modified by ‘Fizeau-like scattering process. This process
changes the light velocity (in absolute units) over classical distance scales near a
gravitational field, when compared to the measured light velocity over the same distance in
deep space (in absolute units). However, we maintain that the ‘low-level’ or absolute light
velocity, defined as the velocity between the quantum vacuum scattering events in
absolute units, remains unchanged. In fact, low-level light velocity is an absolute constant
(and is equal to 1 pvu, which is 1 pdu divided by 1 ptu, section 9), and is a characteristic
of the simplest ‘motion’ on the CA. We aso proposed that the measured light velocity, by
an observer in the same reference frame as the gravitationa field with ordinary measuring
instruments remains unaffected compared to a distant observer. In other words, the
measured light velocity is constant. This is because of the associated space-time effects
that have to do with the accelerated ‘Fizeau-fluid® and it's effect on measurements with
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‘variable’ light velocity (section 16.4). We also concluded that when acceleration (or
gravity) is involved, mass can be defined as being absolute mass. In other words, inertial
mass and gravitational mass can be treated as being absolute, contrary to conventional
special relativity theory. In these cases, the absolute reference frame for the accelerated
motion of the massis with respect to the net (statistical) average acceleration vector of the
virtua particles of the quantum vacuum near the mass (not the CA absolute space and
time). In other words, we are able to measure our absolute acceleration without reference
to any other observer. However, we still maintained that there are no measurable absolute
reference frames to gauge constant velocity motion (including the virtual particles of the
guantum vacuum and including absolute plank units), which is in accordance with the
principles of specia relativity.

Let us address the problem of the constancy of the speed of light in detail. It is quite clear
experimentally that the measured light velocity is constant in every circumstance, no
matter what the state of motion. The light constancy principle is applicable to constant
velocity observers, and according to genera relativity, for accelerated and gravitationa
observers as well. The light constancy principle has a high price to bear, however. One
must give up the idea of absolute time and space and accept relativistic, curved, 4D space-
time in gravitational frames and in accelerated frames. EMQG theory is based on a
different approach: the ‘Fizeau-like' scattering of photons with the virtual particles of
the quantum vacuum, which alters the low-level light velocity under the influence of a
gravitational field. However, this scattering of photons still occurs in special relativity,
where light propagates through the virtual particles of the quantum vacuum (away from all
gravitational and accelerated frames). Does this scattering change the light velocity, even
when light propagates in a vacuum? The answer is yes, but with a qudifier. The light
velocity between scattering operations still remains an absolute constant.

Photons, which travel at one velocity in absolute CA space, travel at an absolute constant
rate (in absolute units). However, as the photons travel they interact with virtual particles
of the quantum vacuum aong the way. This process is known as scattering, and is an
integral part of classical optics and QED theory. Scattering introduces delays, which is
responsible for the index of refraction in classical optics and the subsequent change in light
velocity when light propagates from air to glass. The virtual particles also scatter light,
since they are charged (virtual masseons). Therefore, the virtual particles contribute to the
reduction of light velocity over large distance scales, with the same inter-particle delay
process found in classical optics for glass affecting light.

Therefore, we conclude that the speed of light measured in a universe where the quantum
vacuum is absent of all virtual particles would have to be greater than the measured light
velocity in our own universe. This is because in our universe, the real photons scatter off
the virtual particles, where each virtua particle introduces a small random time delay
before another rea photon is re-emitted (Note: in addition to this, photons participate in
many second-order, and higher scattering processes, in accordance with QED theory).
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Thus, the velocity of light that we observe in our universe is kind of a net average
(statistical) value derived from the raw ‘low-level’ photon velocity minus a velocity
penaty due to the total average delay in the vacuum scattering process. Over classical
distance scales, the average light velocity is constant and is highly repeatable, due to the
remarkable regularity of the quantum vacuum from place to place. It is aso important to
note that in a quantum vacuum scattering process, the photon that is remitted at a QED
particle vertex (for example a photon emitted from an electron) always leaves at fixed
constant velocity (in absolute CA space and time units). This is true no matter what the
state of the motion of the vertex particle, whether it has constant velocity or accelerated
motion. However, for accelerated motion, all virtual particles are statistically accelerating
in the same direction and with the same average value. So for accelerated motion, the tiny
random delays involved in the absorption/re-emission of the photon from a virtua particle
become cumulative and add up as a change in the low-level light velocity. In between
virtual particle scattering, we emphasize that the velocity of light is an absolute
constant!

On quantum distance scales Minkowski 4D space-time gives way to the secondary
(quantized) absolute 3D space and separate absolute (quantized) time required by CA
theory. The curved, 4D space-time paradigm is now replaced by the pure particle
interaction process. Here particles occupy definite locations on the CA cell, and the
numeric state evolves by the universal CA ‘clock’. All interactions are absolute, because
they depend on absolute CA processes. However, we cannot probe this scale because we
are unable to access the absolute cell locations, and numeric contents of the cells. In this
realm, the photon particle (as well as the graviton) is an information pattern that shifts
from cell to adjacent cell with an absolute constant ‘velocity’. In fact, this is the simplest
type of ‘motion’ possible on the universal CA.

Another thing has to be clarified is the maximum velocity that matter can obtain in the
vacuum under the influence of gravitational fields (or accelerated frames). We have seen
that in inertial frames, the force F = F (1 — v%/c?)Y? tends to zero as the velocity v -> c.
This means that any force becomes totally ineffective as the mass is accelerated to light
velocity with respect to the source of the force. We have seen that force is due to
exchanged particles or bosons, which become totally ineffective in propagating from the
source to the receiver, as the velocity of the receiver with respect to the source
approaches the velocity of the force exchange particle. However, inside gravitational fields
the measured light velocity ‘C’ is equivalent to the scattered light velocity for the particular
gravitationa field (or accelerated frame). For example, on the earth the scattered light
velocity (in absolute units) is higher when light propagates downward and lower when
moving upward. In both cases, the maximum velocity that matter can achieve is the same
as the speed of the force exchange particles. The force exchange particle scatters in the
same fashion as does a real photon. Therefore, the limiting speed for matter becomes the
same as the limiting speed for the propagation of the photon and graviton force exchange
particles.
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19. APPLICATIONSOF EMQG THEORY

In this section we will look a some preliminary applications of EMQG theory in
understanding various gravitational phenomena. In the applications we will be looking at,
we will see simple and intuitive visua models that illustrate how EMQG theory is applied
to real gravitationa physics problems. These applications were chosen because we found
that smple models were lacking in conventional genera relativistic treatment of these
subjects. At this point in the development of EMQG, many of the mathematical details are
still lacking in these applications.

191 GRAVITATIONAL WAVES

Although there are a lot of similarities between QED and EMQG theory, we found that
Gravitationa Wave (GW) physics is significantly different than Electromagnetic Wave
(EM) physics. For a periodically accelerating large mass (or masses), the fluctuating
graviton flux is responsible for the initial periodic disturbance in the net statistical average
acceleration of the virtual particles of the quantum vacuum in the immediate vicinity (with
respect to the original mass center). For example, a close pair of relativistic neutron stars
undergoing orbital acceleration would periodically disturb the state of the virtua particles
of the quantum vacuum, through a periodically fluctuating graviton flux rate. The time-
varying graviton flux is caused by the time-varying distances between the neutron stars
due to their mutua acceleration around the center of mass.

Thus, the outward propagating GW is redly a time-varying periodic increase and
decreases in the net acceleration of the virtual particle acceleration vectors (at a given
point) with respect to the neutron stars, that was started by the time varying graviton flux.
Once the GW is initiated, however, it is self-sustaining as is propagates throughout space.
Based on the principles of EMQG, we can easily see that it is the strong el ectromagnetic
component contained in the gravitational waves that primarily acts upon other test masses
(composed of real electrically charged masseon particles) placed in the path of the GW. As
we found in the equivalence principle, the direct graviton exchanges between the source
and the test mass are negligible in the total GW interaction. The GW periodic excitation
propagates primarily through electromagnetic means, because the electricaly charged
virtual masseon particles in the quantum vacuum are constantly redistributing their net
acceleration vector imbalance amongst themselves. This happens by electromagnetic force
interactions because some virtual masseon particle regions have higher acceleration than
their surroundings, creating an electromagnetic imbalance which tends to spread to
stabilize the vacuum through photon exchanges. This wave-like electromagnetic
disturbance spreads outwards in al directions, and is called a gravitational wave.

According to EMQG theory, whenever we have a disturbance of the state of relative
acceleration of the virtual particles of the quantum vacuum, we have curved 4D space-
time (section 16.6). In other words, the GW wave affects the nature of 4D space-time
along its path of propagation. Thus, the common visualization of a GW as ‘rippling space-
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time' is now interpreted as a periodic disturbance of the net average acceleration vectors
of the virtual particles of the quantum vacuum that spreads out like a wave. The periodic
acceleration vector disturbances acts on both the motion of light (and on matter) to distort
4D space-time. The periodically fluctuating, acceleration vectors of the virtual particles of
the quantum vacuum cause a ‘ periodically fluctuating absolute light velocity' in the path
of the GW, through the Fizeau-like scattering process discussed in section 16.6. This is
interpreted as a periodically fluctuating, 4D space-time curvature.

In summary, gravitational waves cause periodicaly varying 4D space-time curvature by
the following three-step process:

First, the rapidly accelerating periodic mass movement causes the graviton flux from
the source mass to periodically fluctuate at a given point.

Secondly, the resulting periodically fluctuating, acceleration vectors of the virtua
masseon particles radiates outwards in all directions, and thisis what we call a GW.
Finally, the periodically fluctuating acceleration vectors of the virtual masseon particles
of the quantum vacuum acts on any light or on matter, and thus induces a
corresponding periodically fluctuating 4D space-time curvature spreading outward.
The periodically fluctuating 4D space-time curvature can be detected over great
distances.

It is known in the context of genera relativity theory that the GW has a very large
stiffness, in analogy with Hooke's law (ref. 13). Thus, the GW carries a large amount of
energy density. This fact follows directly from Einstein’s Gravitational Field equations.
Thissmple fact is easily explained in EMQG as arising from the very large energy density
of the quantum vacuum particle disturbance itself. The virtual particles of the quantum
vacuum have a large particle density that is much greater than 10% particles per cubic
meter. Because of this, the fluctuating quantum vacuum disturbance (GW) carries alarge
energy density in the form of the huge numbers of virtua particles involved, and this is
quite capable of explaining the stiffness of the GW. In fact, this periodic fluctuating
vacuum disturbance (GW) is quite capable of vibrating a large solid aluminum cylinder
after traveling for hundreds of light years! The amplitude is much reduced, however,
because of the spreading of the GW over enormous distances. It is easy to see that the
GW carries energy, because the GW is capable of doing work on distant test masses
through the ability to exert inertial force.

Using the high-speed EMQG field equations, we can get a deeper understanding of GW
physics. Recall the expression for the Newtonian potential f g(x,t) for fast moving massin
absolute CA unitsis given by:

N¥r - (/A Ffr/TP= 4pGr(xy,zt) (19.1)

The solution to equation 19.10 is the gravitational potential f r(x,t) at a point (x,y,z). The
virtual particle acceleration vector a at that point is the derivative of the potential. Hence
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the (x,y,z) components of the acceleration vector of a typical virtual particle located at
point (x,y,z) due to the graviton exchange with the mass distribution r is given by:

a=Nfgr,or A,=Tfr/Tx, A=Ttr/Ty, A, =Tfr/1z (19.2)
wherefr(x,t) =-G Or(y,t-r/c)rtdy (19.3)

Again we emphasize that the acceleration components of the virtua particles based on the
absolute CA space and time units, and the solution to thisis given by:

The gravitons propagate from the mass distribution to a unit test mass located at point x at
(x,y,2), which are aso occupied by a dense collection of virtua particles. The virtual
particles in turn, are responsible for the subsequent force (of measurable gravity) on a unit
test mass, by means of the electromagnetic force as discussed previoudly.

The partia differential equation for the potential energy resembles the familiar classical
scalar wave equation. We have aready seen (section. 17) that the second term of the
potentia is the retardation effect due to the finite propagation delay of the graviton
exchange particles (light velocity). The gravitons originate from the mass concentration at
y, which has an absolute mass (technically, ‘mass charge’) given by r d®y, wherer is the
absolute mass density. The resulting acceleration of the virtual particles located at point x
is given by a = N fr The gravitons originating from the accelerated mass at y and
absorbed by atypical virtua particle located at X, is responsible for the initia gravity wave
disturbance.

To see how this happens, let us take the spatial gradient of f g (following Schultz, ref. 45):
Nfr(x,t) = -G O[r/r- (Lc)(Tf /M) ] ((x-y)/r*) &’y (19.4)

The region of integration is limited to the bounded region wherer * 0. If we consider
Nf r(x,t) far from the source, where r » |x|, and r is so large that the first term of the above
equation is negligible compared with the second. Then we have:

nNfg » - (1/c) Tf=/ft wheren =x/ [x|, the unit radial vector from the origin, (19.5)

inside the source, to the virtual particle field point x. According to this equation, we are
far from the source, and the typical length scale | on which f g changes is ¢ times the
typical time scale p on which f r (and the source ) changesas (fr/ t) » fr/p. Thisis
characteristic of a wave traveling at velocity c. The potential f g has a spatial dependence
which ‘forgets the distance [x| to the source, and is sengitive only to f g ; t. The net
average acceleration of the virtual particles of the quantum vacuum at a point far from the
source, isgiven by: a= N f r. Therefore the acceleration of the virtua particles satisfies:

na » - (lc) Mfr/Mt, wheren =x/|x|, the unit radia vector from the origin (19.6)
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This is what is called a gravitational wave. From this equation, we can see that the net
acceleration of the virtual particles of the quantum vacuum fluctuates periodically with the
rate of change of the Newtonian potential. This disturbance spreads outwards, and is
capable of doing work as it passes through a test mass in the way.

192 EMQG AND THE GRAVITOMAGNETIC FIELD

In EMQG, the graviton particle and the photon particle are very closely related (postulate
#2 gives the properties of the graviton). Since the graviton is ultimately responsible for the
gravitational field, should we not expect to find a new force field in gravitational physics
that is analogous to the magnetic field of electromagnetism for moving masses? The
answer turns out to be yes. In electromagnetism, the photon exchange process generates a
magnetic field perpendicular to the direction of the moving electrical charge. Smilarly, a
moving mass can produce an anaogous ‘gravitomagnetic' force field, aso directed
perpendicular to the motion of the moving mass. In fact, there exists a whole gambit of
equivalent electromagnetic phenomena related to magnetism that occurs with gravitational
interactions such as. gravito-Magnetic fields in genera (ref. 46), gravito-Induction (ref.
48), gravito-Meissner effect (ref. 47), and gravitoLorentz force (ref. 49). The
gravitomagnetic fields are also a consequence of Einstein’s field equations, because of the
close parales between his gravitational field equation and Poisson’s equation (section
17.4). The classical textbook on gravitation by Misner, Thorne, and Wheeler (ref. 50) and
reference 27 gives a good treatment on the subject.

According to genera relativity (ref. 27) the weak field, sow motion limit gravitational
field equations can be written in the form which emphasizes the gravitomagnetic field.
When this is done, the equations for the gravitoelectric and gravitomagnetic fields become
almost identical to Maxwell’ s equations for the electric and magnetic fields:

N>Eg » -4pGr , NXEy» 0, NoHg » 0, NixHg » 4[-4pGr v/c + (1/c)TE4/Tt] (19.21)
where dv/dt = Eg + (v/c) X Hy.

E, is the gravitoelectric field and is the same as the ordinary Newtonian gravitational
acceleration, Hy is the gravitomagnetic field which in the solar system is about 10* times
weaker than Ey, and r isthe matter density and v is the velocity of the mass, and E, = -Nf

, and Hy = N x g . The potentials f and g are constructed in a similar manner as in
electromagnetism (where the el ectromagnetic four-vector potential A, is decomposed into
an electrical scalar potential and y = -Ao and a magnetic vector potential A=A)), and are
related to the space-time metric gy, by: f » -0.5(gw + 1)¢? , g » goi. The gravitoelectric
scalar potential f is essentially the same as the time part goo Of the space-time metric, and
the gravitomagnetic vector potential gis essentialy the time-space part of the space-time
metric.
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Contrast these equations with the classical Maxwell’ s equations of electromagnetism, and
the following differences are found:

(1) The minus sign appears in the source terms.

(2) Replacement of the charge density with mass-density multiplied by G.
(3) A factor of four in the strength of Hy.

(4) The replacement of the charge current by Gr v

For a rotating massive body like the earth, the gravitomagnetic field looks like the
magnetic dipole field of a rotating electrically charged sphere. If one places a spinning
object like a gyroscope in this field, there will be precession of the spin axis (just as a
current loop in a magnetic field). This phenomena is sometimes called inertial frame
dragging (we will look at an alternative way of viewing this effect in the next section).

If the existence of the gravitomagnetic fields becomes fully confirmed, we would take this
as further evidence for the similarity between the photon and graviton particle exchanges.
This would support the view that nature’s two long-range forces (electromagnetism and
gravity) operate in virtualy the same way. The gravitomagnetic force component is far
weaker than the observable gravitoelectric force (which corresponds to the ordinary
Newtonian force of gravity), because this force is produced by pure graviton exchanges.
However, the pure low-level gravitoelectric force is mixed up with the ordinary strong
electrical charged component of gravity existing in all gravitational processes from the
electrically charged virtual particles of the quantum vacuum. Since the electrical force
from the virtual particles far exceeds the pure graviton processes, the pure gravitoelectric
force component (caused by pure graviton exchanges only) is completely disguised and
hard to observe. The ordinary measurable force of gravity we perceive everyday is
dominated by the electromagnetic forces from the electrically charged virtua particles of
the quantum vacuum, which aso equalizes the fall rate of all masses.

193 EMQG AND FRAME DRAGGING: LENSE-THIRRING EFFECT

We now apply the principles of EMQG to calculate the amount of inertial frame dragging
(Lense-Thirring effect) on the earth. The Lense-Thirring effect is atiny perturbation of the
orbit of a particle caused by the spin of the attracting body, first calculated by the
physicists J. Lense and H. Thirring in 1918 using general relativity (ref. 25). Einstein’s
genera relativity predicts the perturbation in the vicinity of the spinning body, but the
effect has not been accurately verified experimentally. However, recent work in ref. 26
using the LAGEOS and LAGEOS Il earth orbiting satellites has rendered an unconfirmed
experimental value that agrees with theory to an accuracy of about 20 %. The Lense-
Thirring effect has also been interpreted as being due to gravitomagnetic fields (section
19.2), and also tied in with Mach’s principle (ref. 51). It is hoped that with the launch of
the Gravity Probe B (co-developed by Stanford University) by NASA the Lense-Thirring
effect will be measured to an unprecedented accuracy of 1% or better. The Gravity Probe
B (there was a different Gravity Probe A launched earlier by NASA) is adrag free satellite
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carrying four ultra-precise gyroscopes that will be put in a polar orbit around the earth at a
height of about 400 miles (ref. 28).

An important consequence of the Lense-Thirring effect is that the orbital period of a test
mass around the earth depends on the direction of the orbit! A test mass that has an orbit
which revolves around the earth in the same direction of the spin rotation would be longer
then the orbital period of the same test mass revolving opposite to the direction of the spin
of the earth. The difference in the orbital period of the two test masses becomes smaller
with increasing height until it disappears when the orbits are at infinity.

The Lense-Thirring effect can be thought of as a kind of ‘a dragging of inertia frames,
first named by Einstein himself. What this means is that the free fall (gravity-free) motion
of atest massis modified in the presence of alarge massive spinning sphere, as compared
to the identica case of the non-rotating sphere. If a test mass is in freefal, the
contribution of gravity to the motion of the mass is canceled out (at a point), and the
resulting motion of the test mass is purely inertial. However, the inertial motion of the
mass is different by the presence of the Lense-Thirring effect, as compared to a non-
rotating earth. As a result of the Lense-Thirring effect, the earth ‘drags the local inertial
reference frame'. Therefore the small orbiting gyroscopes in Gravity Probe B with spin
axes oriented towards a distant star in a polar orbit around the earth will have is its spin
axis changed by the Lense-Thirring effect asit orbits.

To investigate inertial frame dragging with EMQG theory we will start with the
conceptually smpler case where we have a large rectangular mass that is very thick and
heavy. This thought experiment avoids the complications of a rotating mass. Imagine that
you are observer A on the surface of this large rectangular mass, and you are interested in
whether there is inertia frame dragging. In our thought experiment we will give this large
rectangular mass a relativistic and constant linear velocity (say 1/10 light velocity) in the
forward direction perpendicular to the surface (with respect to an external observer B). In
EMQG theory, our first step is to determine the motion of the virtual particles of the
guantum vacuum. To determine this, we need to know the graviton flux and direction.
Since the rectangular mass is very heavy it emits a huge graviton flux, which travels
outwards. The gravitons are absorbed by the virtua masseons of the quantum vacuum
above the mass, which causes them to accelerate towards the source in straight lines
(postulate #2). The graviton flux falls off with distance above the surface and therefore the
acceleration of the virtual particles varies with height. However the massive rectangle has
areativistic velocity perpendicular to the graviton flux. Thus the resulting velocity vector
of the gravitons (with respect to observer A) is the vector sum of two velocity
components. the graviton velocity and the mass velocity. The graviton flux moves along
straight lines, which are deflected by an angle in the direction of motion that depends on
the velocity of light (graviton speed) and the velocity of the massive rectangle. The virtual
particles absorb some of the graviton flux, which results in a downward acceleration in the
same direction as the gravitons. The magnitude of the virtual particle acceleration depends
on the received graviton flux rate.
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We have seen that the magnitude of the virtual particle acceleration at a point is given by
the graviton flux rate, and the direction is the direction of the graviton flux at that point.
Since the graviton flux rate decreases with increasing distance from the surface (at some
given rate) due to spreading, the virtual particles accelerate downwards in danted lines
with the acceleration vectors decreasing with height. If observer A drops a mass, the mass
takes on the same net downward acceleration as the virtual particles of the vacuum, and
the path is on the danted line. Thisisinertial frame dragging. With EMQG theory we have
avery ssimple physical picture for the root cause of inertial frame dragging. The path of the
accelerated virtual particles of the quantum vacuum dictates the direction and magnitude
of the 4D space-time curvature (section 16.6). Normally it is perpendicular to the surface,
but with relativistic velocity the direction is altered.

Now we are in a position to study the Lense-Thirring effect for a rotating mass like the
earth. The effect is more pronounced as the angular velocity of the rotating mass
increases. As we have seen above, the basic reason for inertial frame dragging is the finite
speed of propagation of the graviton particle (the speed of light). This alows time for a
large rapidly spinning mass to rotate a small amount while the graviton is still in flight as it
propagates outwards. The finite velocity of the graviton particle along with the
downward GM/R? acceleration component of the charged virtual particles of the
guantum vacuum is entirely responsible for inertial frame dragging.

We now examine inertial frame dragging for a weak gravitational field such as the earth
(the strong field inertial frame dragging is a very formidable problem in EMQG). In order
to smplify our analysis, we will assume that most of the mass of the earth is concentrated
in asmall spherical region at the earth’s center, the rest of the earth’s volume containing a
negligible quantity of mass. The graviton moves outward at the speed of light from the
spinning core (neglecting the virtual particle scattering effects, which reduces its absolute
velocity as it propagates upwards near the earth). Gravitons are emitted in huge numbers
from the earth. Since we know that gravitons are physically very similar to photons
(postulate #2), we can predict the characteristics of this graviton flux. The graviton flux
can be visualized as being the same as a rotating flashlight emitting light outwards as it
rotates. Since the velocity of the source does not effect the velocity of light, we conclude
that the velocity of the spinning core does not affect the motion of the gravitons. The inset
in the upper right hand corner of figure 9 shows the view of the earth looking down at the
north pole, where the earth is rapidly rotating at an angular velocity close to light velocity.
The non-rotating observer ‘B’ is stationed above the equator, and ‘sees’ the graviton flux
leaving the equator along the radius vectors. It is important to note that when the graviton
leaves the rotating source, the motion of the graviton is totally de-coupled from the
source. The gravitons move at a constant velocity, and are not affected by the motion of
the source in any way. However, gravitons are affected by the state of accelerated motion
of the virtua particles. The note at the end of this section gives more detail on this
important point, and the reason why inertial frame dragging is highly non-linear for very
massive objects rotating at relativistic speeds. For now, we can neglect this effect for the
earth.
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As the gravitons propagate outward, they encounter virtua masseon particles in the
guantum vacuum. Since masseons posses ‘mass-charge’, the vacuum is accelerated down
(postulate #2). The virtual masseons are therefore accelerated in the same direction of the
motion of the graviton particle flux. The magnitude of the acceleration depends on the
graviton flux at a point ‘r from the center, and is given by GM/r>. If a test mass
(composed of red electrically charged masseon particles) is dropped onto the surface of
the earth, the electromagnetic interactions (postulate #3) between the real masseons of the
mass and the virtual masseons causes the test mass to accelerate downwards at 1g in the
direction of the graviton flux. Thus, from the perspective of observer ‘B’, the mass falls
along the radius vectors. What does observer ‘A’ see?

The main drawing in figure 9 shows the view of the earth looking down at the north pole,
where the earth is rapidly rotating at an angular speed close to light velocity. Observer ‘A’
is situated on the surface of the equator and ‘sees' the graviton flux leaving the equator in
curved paths. Why is the graviton flux curved? Recall that the graviton flux is moving in
‘straight’ line paths aong the radius vectors. However, observer ‘A’ is carried along with
the rotation of the earth. Therefore from his frame of reference the gravitons appear to
curve. The average acceleration vector of the virtual particles follows this curved path,
with the acceleration vectors increasing in magnitude the closer to the center. The
magnitude of the acceleration of the virtual particles is approximately GM/r>. The test
mass moves aong the curved path in figure 9, guided by the motion of the virtua particles
by photon exchanges (postulate #3). These curved paths also represent the path that light
will take if it propagates straight up (in other words, geodesic paths). In absolute CA
units, the light velocity varies upwards along these curved paths from observer's A
reference frame, due to the Fizeau-like scattering with the quantum vacuum (section
16.6). Thus, these paths represent the direction of the 4D space-time curvature. These
paths are deflected when compared to the non-rotating earth.

The equation of the outward propagating graviton curve (in the equatorial plain) for a
clockwise rotating earth turns out to be Archimedes Spiral, and takes the form r = kq in
polar coordinates, where k is a constant (r is the distance that the graviton travels). The
constant k depends only on the velocity of the graviton ‘c’ and the velocity v = 2pR/T,, of
the earth’ s rotation, where T is the rotation period of the earth and R is the earth’s radius,
and the time t of trangit. If k is small then the spira has a high curvature, and if k is large
the curvature is small. The ratio ‘c/v’ determines the value of the spiral constant k. If ¢
were to be very large, then k >> 1 which causes the gravitons to ‘unwind’ slowly ; and if
v were to be very large, then k << 1 which causes the gravitonsto ‘unwind’ rapidly.

Based on these considerations, it is easy to show that the equation for the spiral is:
r=c’q/(2pv) wherev=2pR/T,,andq=2ptv/c (19.31)
The Archimedes spiral is normalized such that if v=c, q = 2p, and t=1 second then the

value of r is 300,000 km after one rotation. To verify that eq. 19.31 is correct, let us see
how r varies with g. When the velocity of rotation is v=c, then according to eq. 19.31 the
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equation for the spira isr = [c/(2p)]g. When the graviton travels for one rotation of the
observer A, the spira path appears to twist once, with g = 2p radians, and r = 300,000
km. Similarly, when the graviton travels for two rotations of the observer A, the spiral
path appears to twist once, with g = 4p radians, and r = 600,000 km. If v=c/2, thenif t = 2
seconds, g = 2p, and r = 600,000 km.

Let us calculate the shape of the spiral for the observer A on the earth. The earth has a
radius R = 6.37x10° meters, and a rotation period T, = 24 hours. Therefore, the v = 463
m/sec. The ratio c/v = 647,948. Therefore, the equation of the spiral is: r = 103,176 cqg.
We wish to solve for the angle q at the earth’s surface, where r = 6.37x10° meters.
Therefore: g = 6.37x10%/103176¢ = 2.05x10” radians. Recalling that 1 radian = 180/p °.
Therefore, g = 1.18x10° degrees = 42.5 milli-arcseconds. This agrees well with the
prediction based on general relativity (ref. 25). However, the methods of general relativity
are dgnificantly more complex. The result we obtained is derived from the smple
deflection of the downward accelerating virtual particle path.

We have seen that the angle g represents the deflection of the downward accelerating
virtual particles of the quantum vacuum with respect to the non-rotating earth.
Furthermore, the deflection angle varies with height (along a spiral path). Recall that the
direction of 4D space-time curvature is the same as the direction of the virtua particle
acceleration. Therefore, this angle represents the shifting of the direction of 4D space-time
curvature. Now we are in a position to understand inertial frame dragging near the earth.
The motion of any free faling (gravity-free) test mass is modified in the presence of the
curved virtual particle path. If atest massisin free-fal, the contribution of gravity to the
motion of the massis canceled out (at a point), and the resulting motion of the test massis
purely inertial. Therefore, the free fall is deflected by an angle of 42.5 milli-arcseconds.
Therefore, the earth appears to drag the local inertia reference frame, with the drag effect
varying with height.

NOTE: The gravitons do scatter with the virtual masseon particles of the quantum
vacuum, because masseons possess ‘mass-charge’ and interacts with the guantum vacuum
in a similar manner as light (postulate #2). This scattering is small for a mass the size of
the earth. However, for objects with a very strong gravitational field that is rotating at
relativistic speeds, the calculation of the Lense-Thirring effect (based on Einstein's
gravitational field equation) is an extremely difficult problem. In general relativity, thisis
due to the notorious non-linearity of Einstein’s gravitational field equation. In EMQG, the
non-linearity manifests itself in the way that gravitons and the quantum vacuum interact in
producing strong gravitational fields. The graviton flux determines the motion of the
surrounding virtual particles of the quantum vacuum. However, the virtual particles of the
guantum vacuum affect the motion of the gravitons. This makes it very difficult to
calculate frame dragging under the conditions of extreme curvature and rapid rotations,
such as might exist in a black hole. In general relativity, the Lense-Thirring calculation is
based on the weak field approximation of Einstein’s equation (ref. 25). In EMQG, the
Lense-Thirring calculation is also done for weak fields and slow rotation, which simplifies
the motion of graviton particles.
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20. GENERAL RELATIVITY LIMITATIONSAND EMQG RESOLUTIONS

Most physicists assume that Einstein’s theory of genera relativity has no inconsistencies
or flaws, and can be applied over any distance scale to any size mass distribution. Part of
this belief comes from the mathematical elegance of the theory, and partly from the
spectacular experimental agreement with theory, especialy over the past 25 years (ref. 6).

In fact, general relativity is known to have a number of mathematical problems, and fails
to answer some very important physical questions regarding gravitation. Furthermore, it
appears that quantum theory and genera relativity are incompatible. In spite of over 70
years of intensive research, no full theory of quantum gravity has been formulated
successfully. We will briefly summarize some of these problem areas in general relativity,
and show how EMQG is able to resolve these issues.

(1) GENERAL RELATIVITY FAILSTO PROVIDE A PHYSICAL CAUSE-
EFFECT OR ACTION THAT COUPLESMATTER-ENERGY TO THE LOCAL
4D SPACE-TIME CURVATURE.

GENERAL RELATIVITY: Einstein’s gravitational field equations dictate how much
curvature of 4D space-time there is, based on how much matter-energy there is. It does
not tell you why there is curvature. What is the cause of 4D space-time curvature? What is
it about matter that causes the local space-time to curve? In general relativity there is no
physical reason or action to relate matter to space-time. Instead, curvature just happens.
Einstein appealed to Newton and Poisson’s theory of gravity to adjust the amount of
coupling between matter-energy and 4D space-time, without providing any further insights
into this question.

EMQG: Thereisdefinitely aphysical action that couples matter to the amount of space-
time curvature. It is called the graviton particle! The total amount of absolute matter
determines the total number of masseon particles in the mass. Double the absolute mass,
and you double the number of masseons. Double the number of masseons, and you double
the flux rate of the gravitons exchanged with the virtual masseon particles of the quantum
vacuum. The absorption of gravitons accelerates the virtual particles of the quantum
vacuum downwards. The graviton flux spreads out from the earth and the number of
graviton particles per unit area falls as 1/4pr?, where ‘r’ is the distance from the center.
The decrease in the graviton flux with height reduces the downward acceleration of the
virtual masseon particles of the quantum vacuum (with height). Since the virtual masseon
particles accelerating downwards also possess electrical charge, there is an
electromagnetic interaction with light and matter moving in the vicinity of the earth. We
call thisinteraction the ‘Fizeau-like' scattering from the virtual particles, which acts like an
accelerated flowing fluid medium in analogy with the Fizeau experiment for light
propagation with moving water (section 16.5). Therefore, the variation of the acceleration
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vectors of the virtual particles with height also represents the variation of 4D space-time
curvature with the height. The action of the graviton particle is not instantaneous,
however, since the gravitons move at light velocity. The finite speed of the graviton
particle is responsible for the Lense-Thirring effect, and aso partialy responsible for
gravitational waves.

(2) GENERAL RELATIVITY ONLY POSTULATESTHE EXISTENCE OF THE
PRINCIPLE OF EQUIVALENCE.

GENERAL RELATIVITY: Why should there be equivalence between inertial and
gravitational mass? After all, both these mass types are defined differently in Newtonian
physics. Inertial mass involves accelerated motion, but there appears to be no motion
involved in the definition of gravitational mass. In general relativity, equivalence has still
remained a postulate as first proposed by Einstein, in spite of 70 years of investigation.

EMQG: The principle of equivaence turns out to be derivable from lower level quantum
particle processes, and has been investigated in great detail in section 15.8. Equivalence
and quantum inertia forms the centra core of EMQG theory. We have found that
equivaence arises from the same electromagnetic interaction of the electrically charged
virtual masseon particles of the quantum vacuum with the rea eectrically charged
masseon particles of the test mass, which also occurs in inertia (section 13). We have aso
found that equivalence is not perfect! It breaks down when both an extremely large mass
and atiny mass are dropped on the earth, with the larger mass arriving first.

(3) GENERAL RELATIVITY FAILS TO ACCOUNT FOR THE ORIGIN OF
INERTIA AND CANNOT FULLY ACCOUNT FOR MACH’S PRINCIPLE.

GENERAL RELATIVITY: Genera Reativity incorporates inertia in a purely
Newtonian way, without modification. Since inertial mass is quantized in the form of
elementary particles, there must be some explanation as to why the individual particles
resist any change in motion. Also, Mach’'s principle is still not fully incorporated or
understood in genera relativity. This principle strikes at the very heart of the meaning of
motion. For an in depth discussion of Mach's principle and it’s relationship to general
relativity refer to section 14.

EMQG: Inertia (called quantum inertia) is postulated to be the electromagnetic
interaction (of which the details are still unknown) between the electrically charged virtual
masseon particles of the quantum vacuum and the accelerated real electricaly charged
masseon that make up a mass (section 13). Although quantum inertia is still a postulate
(postulate #3) of EMQG, we are reasonably sure that the details of this process will be
found soon. Mach’s principle follows directly from the principles of quantum inertia. The
virtua particles of the quantum vacuum are Mach’s invisible reference frame to gauge
accelerated motion (from the point of view of acceleration only). In fact, the state of
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relative acceleration of a mass particle with respect to the background vacuum particlesis
the actua origin of inertial force, and this process is aso present in gravitational
interactions! However, the quantum vacuum cannot be used as an absolute reference
frame for constant velocity motion, and therefore velocity remains relative in EMQG, just
asitisinreativity.

(4) GENERAL RELATIVITY FAILSTO BE QUANTIZED.

GENERAL RELATIVITY: In spite of brilliant attempts at unification of general
relativity and quantum theory, there still exists no fully accepted quantum gravity theory.
It was known even when Einstein proposed general relativity that matter is quantized, and
comes in the form of atoms and molecules. These in turn are quantized in the form of
elementary particles. Particles behave according to the rules of quantum field theory. Y et,
the energy-momentum-stress tensor of a mass is treated as a classical continuum. Forces
are a'so known to originate from particle exchange processes. Is the gravitational force an
exception to this general rule? Furthermore, there is growing evidence that space-time is
also quantized. Y et, no one has found a consistent theory of quantum gravity that reduces
to genera relativity in the classical limit, leading one to believe that the foundations of
generd relativity need to be modified.

EMQG: EMQG theory is the quantization of genera relativity. EMQG is totaly based
on the quantum particle nature of matter and forces, which behave according to the rules
of quantum field theory. The 4D space-time curvature of general relativity is a
manifestation of the changed state of the quantum vacuum, both under acceleration and
under the influence of a nearby gravitational field. EM QG restores the concept of absolute
space and separate absolute time in the form of the inherently quantized CA space and CA
time, which is not directly observable with our measuring instruments. This CA space and
time is inherently quantized because of the very nature of the cellular automata model,
which is the fastest possible paralel computer model (section 3). The relativistic 4D
Minkowski space-time of general relativity is retained in EMQG as the end result of a
purely quantum particle interaction process (section 16.6). Thus, in EMQG the curved 4D
gpace-time geometry paradigm is replaced by a total, quantum particle interaction
paradigm, where the quantum particles live in absolute CA space and CA time.

(5) THE AD HOC NATURE OF SPACE AND TIME IN GENERAL RELATIVITY

GENERAL RELATIVITY: 4D relative Minkowski space-time appears to behave in an
‘ad hoc’ manner in general relativity theory. According to general relativity, the universeis
a geometric Riemann 4D curved space-time on dl distance scales. Y et, the 4D space-time
curvature is not absolute for accelerated or gravitational observersin any state of motion.
Instead, 4D space-time depends very much on the particular physical circumstance or
motion involved. In other words, 4D space-time is relative! Yet the presence of a large
mass causes an absolute amount of 4D space-time curvature given by the metric. In the
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case of an accelerated frame, the amount of curvature is not absolute, but depends only on
the amount of acceleration possessed by the observer!

For example, an observer ‘A’ stationed on the surface of the earth finds himself embedded
in 4D, curved space-time. Y et, another observer ‘B’ in free fall near the earth finds himself
in perfectly flat 4D space-time. Let us suppose that observer ‘B’s free fall path takes him
directly past observer ‘A’, whom he can even momentarily touch as he falls past him. At
the moment of contact the space-timeis still different for both observers! This seemsto be
a very strange way to construct the fundamental geometry of our universe. Even though
both observers can actually physically touch each other for a brief moment, each observer
still lives in different 4D space-times! What is even stranger about space-time is that
observer ‘A’ has a space-time curvature directed aong the radius vector only (as can be
seen from the Schwarzchild metric). In other words, the curvature of the space and time
components of the metric is directional! No curvature results in directions that are parallel
to the surface of the earth (we ignore the earth’s surface shape). To add to the confusion,
if we imagine that observer ‘A’ decides to take on a new acceleration (2 g's) parale to
the earth’s surface, he now lives in a curved space in both the parallel and perpendicular
directions. However, now the curvature is unequa in vaue in both the paralel and
perpendicular directions!

EMQG: At the most fundamental distance scales, there exists only absolute CA 3D
space, and separate absolute CA time, which are both inherently quantized by the structure
of the CA model. This absolute space and time is not curved in the presence of a
gravitational field, nor is space and time unified asit isin relativity! Furthermore, absolute
gpace and time is not relative, and the state of motion of an observer does not affect this
coordinate system at al! The measurable relativistic 4D space-time is one layer above the
absolute space consisting of cells, and absolute time consisting of ‘clock’ cycles. We have
seen that the 4D relativistic, curved space-time, which is present in accelerated frames and
gravitational frames, is an abstraction. It results from the behavior of light and matter in
the presence of the accelerated virtual particles of the quantum vacuum, which can be
looked at as a kind of a specia ‘Fizeau-like' fluid (section 16.4). Generdly for observers
in gravitational and accelerated frames, the virtual particles are in a state of accelerated
motion. Observer ‘B’ can cancel this curved 4D space-time simply by taking the same
acceleration as the virtual particles of the quantum vacuum. This restores the virtual
particles of the quantum vacuum (from the point of view of his reference frame) to the
equivalent state that the observer would ‘see’ in flat, special relativistic, 4D space-time.
Similarly, observer ‘A’ senses directional space-time curvature smply because the
direction of virtual particle acceleration is directed downward, and not side to side.
However, if he decides to accelerate in a direction parallel to the surface of the earth, he
will observe the virtual particles of the quantum vacuum accelerating towards him from
two different directions, downwards and towards him. In other words, there are two
acceleration vectors from the quantum vacuum, one vector directed downwards with an
acceleration of 19, and the other equal in magnitude to the amount of forward acceleration
of 2g. This results in unequal space-time curvature in both directions, because the
accelerated Fizeau-like quantum vacuum fluid has two different acceleration components
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in the x and y direction. This introduces two different and independent 4D space-time
curvatures.

(6) GENERAL RELATIVITY PREDICTS SPACE-TIME SINGULARITIES.

GENERAL RELATIVITY: Spacetime singularities and black holes are a direct
consequence of the mathematics of general relativity theory. However, it is very doubtful
that these mathematical monsters redly exist. In fact, a singularity usualy means that a
theory has somehow broken down.

EMQG: In EMQG, we cannot have a space-time singularity. EMQG is based on the idea
of 3D absolute CA space and absolute CA time, that are inherently quantized in the form
of cells on an a cellular automata. This model prohibits an infinite density of particles to
accumulate in one place due to gravitational collapse (and thus predicts that Quantum
Field Theory will break done at very high particle densities). The density of particles that
can be supported cannot exceed the number of cells per cubic meter. However, it is not
clear what will happen when particle densities become this great.

(7) GENERAL RELATIVITY FAILSTO ACCOUNT FOR THE VALUE OF THE
COSMOLOGICAL CONSTANT

GENERAL RELATIVITY: Einstein originally introduced the cosmologica constant in
1918, which was a term that he added to his gravitational field equations to make the
universe remain in the steady state (or non-expanding, as was believed in his time). This
new term corresponded to a nonzero energy momentum tensor of the vacuum. Einstein
later abandoned this constant when Hubble discovered in the 1920’ s that the universe was
actualy expanding. In fact, Einstein considered the addition of this term to his field
equations as the biggest blunder of his life. The cosmological constant represents the
measure of the mass-energy density contained in empty space alone. It has been said that
the cosmological constant is the most striking problem in contemporary fundamental
physics (ref. 52). In fact, some theoretical predictions of quantum field theory differs by
observations by at least 10* and possibly, by 120 orders of magnitude! Experimentally, it
is safe to say that its actual value is very close to zero. In fact, S. Hawking (ref. 52) once
stated that:

“The cosmological constant is probably the quantity in physics that is most accurately
measured to be zero: observations of departures from the Hubble law for distant galaxies
place an upper limit of the order of 10™%.”

On the other hand, quantum field theory predicts that there ought to be plenty of
contributions from the virtual particles of the quantum vacuum.
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EMQG: Itistrue that the quantum vacuum at any instant of time contains an enormous
number of virtua particles, which have both mass and electrical charge. Why isit that their
presence is not felt electrically or gravitationally? The cosmological constant is essentially
zero because of the symmetrical production of virtual masseon and anti- masseon particle
pairs in the quantum vacuum. According to the general principles of quantum field theory,
these virtual masseon particle pairs are aways created in opposite electricaly charged
particle pairs, which explains the electrical neutrality of the vacuum. We propose in
section 15.4 that the particle pair creation principle in the quantum vacuum is aso
applicable to ‘gravitational mass charge’ as well (postulate #2). Virtual masseon particle
pairs are also created in opposite gravitational ‘mass-charge’ pairs. At any instant of time,
the guantum vacuum has amost exactly equa numbers of positive and negative
electrically charged and ‘gravitationally charged masseon particles, which leads to
neutrality of both electrical and gravitational forces in the quantum vacuum and a
cosmological constant of zero.

(8) GENERAL RELATIVITY DOESNOT CONSERVE ENERGY-MOMENTUM.

GENERAL RELATIVITY: It isknown that general relativity does not assign an energy-
momentum-stress tensor to the gravitational field. There are aso serious problems with
local energy-momentum conservation (ref. 53). The absence of the energy-momentum-
stress tensor is due to the geometric aspect of gravity in general relativity. We know that
gravitational waves transfer energy by the rippling of 4D space-time to far away
destinations. For example, a pair of orbiting neutron stars emits gravitational waves, which
cause them to slowly spira inwards. This orbital energy lossis precisely the energy carried
away by the gravity waves. Thus, gravity waves can do work on a distant mass. However,
how can rippling 4D space-time carry energy?

EMQG: In generd reativity, curved space-time actually does represent the geometry of
the universe. Thisisthe source of the difficulty in energy conservation in general relativity.
In EMQG, curved space-time represents the distorted distribution of the net statistical
average acceleration vectors of the virtual electricaly charged masseon particles of the
guantum vacuum from place to place. These charged vacuum masseon particles interact
through electromagnetic forces by photon exchanges with a nearby test mass (which
consists of electrically charged masseons). It is this electromagnetic interaction between
the quantum vacuum and a test mass that represents the energy interactions in gravitation,
and the energy content of curved 4D space-time. The quantum vacuum has a very large
energy dengity, but it is not infinite. Energy and momentum conservation is always obeyed
on the quantum particle level in EMQG.

21. EXPERIMENTAL TESTSOF EMQG THEORY

EMQG proposes severa new experimental tests that give results that are different from
conventional general relativistic physics. Although most of these experiments are very
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difficult to perform, they do provide a solid basis for testing the principles of EMQG
theory.

(1) EMQG opens up a new field of investigation, which we call anti-matter gravitational
physics. We propose that if two sufficiently large pieces of anti-matter are
manufactured to allow measurement of the mutual gravitational interaction, then the
gravitational force will be found to be repulsive! The force will be equal in magnitude
to -GM?/r* where M is the mass of each of the equal anti-matter masses, r is their
mutual separation, and G is Newton’s gravitational constant). Thisisin clear violation
of the principle of equivalence, since in this case M; = - Mgy, instead of masses M; =
Mg Antimatter that is accelerated in far space has the same inertial mass ‘M;" as
ordinary matter, but when interacting gravitationally with another antimatter mass it is
repelled (My). (Note: The earth will attract bulk anti-matter because of the large
abundance of gravitons originating from the earth of the type that induce attraction).
This means that no violation of equivalence is expected for anti-matter dropped on the
earth, where anti-matter falls normally (recall that virtual masseons and anti-masseons
are both attracted to the earth (postulate #2). However, an antimatter earth will repel
an antimatter mass dropped on the earth. Recent attempts at measuring earth’'s
gravitational force on anti-matter (e.g. anti-protons will not reveal any deviation from
the principle of equivalence).

(2) For an extremely large test mass and a very small test mass dropped simultaneously on
the earth (in a vacuum free of air resistance), there will be an extremely small
difference in the arrival time of the masses, in dight violation of the principle of
equivalence. This effect is on the order of » DN x d, where DN is the difference in the
number of masseon particles in the two masses, and d is the ratio of the gravitational
to electric forces for one masseon. This experiment is very difficult to perform on the
earth, because d is extremely small (»10*°), and DN cannot be made sufficiently large.
To achieve a difference of DN =10% particles between the small and large mass
requires dropping a molecular-sized atomic cluster and a large military tank
simultaneoudly in the vacuum in order to give a measurable deviation. Note: For
ordinary objects that might seem to have a large enough difference in mass (like
dropping a feather and a tank), the difference in arrival time may be obscured by
background interference, or by quantum effects like the Heisenberg uncertainty
principle which restrict the accuracy of time measurements.

(3) If gravitons can be detected by the invention of a graviton detector/counter, then there
will be experimenta proof for the violation of the strong principle of equivalence. The
strong equivaence principle states that all the laws of physics are the same for an
observer situated on the surface of the earth as it is for an accelerated observer on a
rocket (1 g). The graviton detector will find a tremendous difference in the graviton
count in these two cases, because gravitons are vastly more numerous here on the
earth.
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(4) Since mass has a strong electromagnetic force component, a sensitive mass
measurement near the earth might be disrupted by experimentally manipulating the
electrically charged virtual particles of the nearby quantum vacuum through
electromagnetic means. If a rapidly fluctuating magnetic field (or rotating magnetic
field) is produced under a mass it might effect the instantaneous virtual charged
particle spectrum, and disrupt the tiny electromagnetic forces contributed by each
electrically charged masseon of the mass. This may reduce the measured gravitationa
mass of an object in the vicinity (this would also affect the inertial mass). In a sense,
this device would act like a primitive weak “anti-gravity” device. The virtual particles
are constantly being “turned-over” in the vacuum at different rates depending on the
energy, with the high frequency particles (and therefore, high-energy particles) being
replaced the quickest. If a magnetic field is made to fluctuate fast enough so that it
does not allow the new virtual particle pairs to replace the old and smooth out the
disruption, the spectrum of the vacuum will be atered. According to conventiona
physics, the energy density of virtua particles is infinite, which means that al
frequencies of virtual particles are present. In EMQG there is a definite upper cut-off
to the frequency, and therefore the highest energy according to the Plank’s law: E=hu,
where u is the frequency that a virtual particle can have. This frequency cutoff is very
roughly on the order of the plank distance scale. We can therefore state that the
smallest wavelength that a virtual particle can have is on the order of about 10
meters, e.g. the plank wavelength (or a corresponding maximum Plank frequency of
about 10* hertz for very high velocity (»c) virtual particles). Unfortunately for our
“anti-gravity” device, it istechnologically impossible to disrupt the highest frequencies.
According to the uncertainty principle, the relationship between energy and timeis. DE
x Dt < h. This means that the high frequency end of the spectrum consists of virtual
particles that “turns-over” the fastest. To give measurable mass change the higher
frequencies of the vacuum must be disrupted, which requires magnetic fluctuations on
the order of at least 10” cycles per seconds. Therefore, only lower frequencies virtua
particles of the vacuum can be practicaly affected, and only small changes in the
measured mass can be expected with today’s technology. As a result of this, a
relationship should exist between the amount of gravitational (or inertial) mass loss
and the frequency of electromagnetic fluctuation or disruption. The higher the
frequency the greater the mass loss. Work on the Quantum Hall Effect (ref. 29) by
Laughlin has suggested that the electron density in a two-dimensional sheet under the
influence of a strong magnetic field causes the electrons to move in concert, with very
high speed swirling vortices created in the resulting 2D electron gas. In ordinary
magnetic fields, electrons are merely ‘pushed’ around, while a strong magnetic field
causes the electrons to swirl in high-speed ‘whirlpools'. There is also a possibility that
this ‘whirlpool’ phenomena holds for the virtua particles of the quantum vacuum
under the influence of a strongly fluctuating magnetic field. These high-speed
whirlpools might disrupt the high frequency end of the spectral distribution of
electrically charged virtual particles in small pockets. Therefore, there might be a
greater mass loss under these circumstances. Recent experiments on mass reduction
with rapidly rotating magnetic fields are inconclusive at this time. Reference 30 gives
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an excellent and detailed review of the various experiments on reducing the
gravitational force with superconducting magnets.

22. DIRECTIONSFOR FUTURE WORK IN EMQG

EMQG theory presented here is an outline for (hopefully) afull theory of quantum gravity,
and as such is not complete. In this section we present some areas that require further
research. We have listed what we know so far, in order to assist future investigators that
might take up this search. Be cautioned that these ideas are very speculative.

22.1 INVESTIGATION OF THE UNIVERSAL CELLULAR AUTOMATA

The Holy Grail of modern physics would be the discovery of a set of equations that would
describe al of physics, and thisis often called the theory of everything. In EMQG theory it
would be the discovery of the exact structure and mathematical laws that govern the
Cellular Automata that is our universe. Much work needs to be done before this can be
accomplished. The connection between quantum field theory and CA theory, and the exact
nature of quantum particles on the CA needs to be developed. Currently, we have
proposed a preliminary model for the CA as a smple, geometric 3D CA. This model may
turn out to be wrong when a full quantum theory is developed, that is compatible with the
CA mode.

22.2 QUANTUM THEORY AND CELLULAR AUTOMATA

Currently, we have done some very preliminary work on two possible models of the
guantum wave function of a non-relativistic quantum particle with a DeBroglie
wavelength given by g = h/mv. We have started to investigate two tentative models for the
guantum wave function on the CA.

In our first approach, the wave-particle duality some how emerges from a CA numeric
information pattern directly. The wavelength of the wave function corresponds directly to
the wavelength of a periodic, fluctuating numeric information wave pattern existing on the
CA cdls. In other words, the wave function directly represents pure oscillating numeric
information that represents the state of motion of a non-relativistic particle in absolute CA
gpace and time. Oscillating patterns are very common in the game of life, which isasimple
geometric 2D CA. Patterns have been found with many different periods and sizes. This
model readily explains why the wave function has not been detected directly by experiment
(diffraction and interference experiments are an indirect observation). One cannot detect
the numeric state of the cells directly through experiment. This model also explains the
probabilistic nature of the wave function. Since we cannot know the numeric state of an
information pattern at a given time, we cannot predict the exact future evolution of a
particle pattern.
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However, there are some difficulties with this approach as well. In ssimple 2D CA models
like the game of life, it is very rareto find large coherent patterns on the CA. For example,
aradio photon (somewhere in the AM radio band) has a wavelength the size of a house!
How can this huge number of cells oscillate coherently on the CA? How does a wave
function this size collapse when an observation occurs? In EMQG the measurable speed of
light does not correspond to the low-level speed of light in absolute CA units of measure.
Therefore, the speed that numerical information patterns evolve on the CA is much faster
than the speed of light by an unknown amount. Recall that the low-level light velocity
represents the smple shifting of information from cell to adjacent cell in every clock cycle,
which is the maximum speed possible for information changes (section 9). Therefore, if
there is an actual wave function collapse (this is still disputed), then the collapse can
happen at speeds much greater than light velocity. This is because numeric information can
be processed much faster than the measured light velocity (recall that this speed depends
on the exact nature of photon scattering, and therefore depends on the index of refraction
of the quantum vacuum).

Our second approach utilizes the idea that since inertial mass is involved in the DeBroglie
wavelength, there exists the possibility that the DeBroglie wavelength may be the result of
the interactions with the quantum vacuum. Recall that inertial mass is defined as the result
of electromagnetic interactions of the quantum particles that make up a mass with the
virtual masseons of the quantum vacuum. Therefore, the wave function might result from
a ‘point-like’ information pattern in motion with respect to the virtual particles of the
guantum vacuum. The motion of the ‘point-like’ particle might somehow induce a
periodic oscillation of the immediate virtual particles of the quantum vacuum. In this way,
the quantum wave function represents the periodic fluctuation of the virtual particles of
the quantum vacuum near a ‘point-like particle. This model readily explains the
probabilistic nature of the wave function as the inability to compute the exact state of the
huge number of virtual particles of the quantum vacuum during an interaction. This model
is somewhat reminiscent of the DeBroglie/lBohm pilot wave theory, where a particle is
guided by an unobservable wave, which in turn affects the particle it is guiding. However,
this approach to quantum theory aso hasits difficulties.

22.3 QUANTUM FIELD THEORY OF MASSEONS AND GRAVITONS

A full quantum field theory of the graviton exchange process must be developed in order
to complete EMQG. This theory is expected to closely resemble QED theory for the
electron and photon, because of the close similarities discussed in section 15.4. Therefore,
a fully renormalizable quantum field theory of the masseon-graviton particles is possible.
The Feynman diagrams and rules must also be developed. The properties of the masseon
given in section 15.4 must be fully developed. In particular, how does the masseon particle
fit in with the other forces of nature (the strong and weak nuclear forces) in the standard
model? What is the exact nature of the force that binds masseons together to form the
particles of the standard model ? How does this fit in with the various unification schemes
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like super-symmetry, super-gravity, etc? Why are there large gaps in the alowed mass of
the particles of the standard model? We call this the mass hierarchy problem. In other
words, there is alarge jump in the mass of particles as you go from the lepton family (an
electron, for example) to the baryon (an up quark, for example) family of particles, with
no other particle types in between. One solution to the hierarchy problem is to postulate
that leptons and quarks are made up of masseons in some kind of orbital arrangements,
where only certain orbital arrangements are alowed. Thus, the quark has tightly bound
orbits with highly relativistic masseon orbital speeds, and the electron with lower speeds.
The mass would look higher from our frame of reference, when the particle orbit has
higher speeds.

224 BLACK HOLESAND EMQG THEORY

Do black holes exist in EMQG theory? Is there a singularity at the center of a black hole?
Is there an event horizon around black holes? If there is an event horizon, how do graviton
particles escape the event horizon, even though photons cannot escape? Is Minkowski 4D
space-time frozen at the event horizon? It is clear in EMQG theory that a singularity
cannot exist, because there is an upper limit to the particle density possible on a CA. It
does seem that an event horizon is possible in EMQG. If enough matter is contained in the
black hole it is conceivable that the escape velocity can approach the speed of light. In
other words, there ought to be situations where the graviton flux is so large, that the
virtua particles of the quantum vacuum achieve enormous accelerations (perhaps 10° g's
of gravity). In this situation, virtua particles created in the quantum vacuum will quickly
approach light velocity in atiny fraction of a second, and become relativistic. Based on the
light scattering postulate, photons will not be able to escape. What becomes of the matter
trapped inside the event horizon? The fate of quantum particles that achieve these
enormous densities is not known in EMQG. Much work is needed in this area.

225 COSMOLOGY AND EMQG THEORY

Is the universe expanding in the genera relativistic sense, from an initial singularity at the
time t=0 of the Big Bang? How does the general relativistic Robertson-Walker Metric fit
in with EMQG theory? It is quite clear in EMQG that at time t=0, there was no
singularity. It is also clear that all the particles that exist today, were not present at t=0.
Therefore, there must have been a ‘matter creation’ era, which halted at some early time.
In EMQG, it is apparent that the cosmologica 4D space-time curvature is strictly a
guantum vacuum process, where al the matter/energy contained in the universe is
involved. The visudization of expanding 4D space-time from an initial singularity (as
demanded by the ‘expanding balloon” model), where galaxies represented as spots on the
balloon is obviousy not compatible with the principles of EMQG. The curvature of 4D
space-time is the result of the activities of the virtual particles of the quantum vacuum,
which act on light and matter through a Fizeau-like scattering process (section 16.5).
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Einstein's curved 4D space-time does not represent the actual geometry of the universe.
The actual geometry of the universe is smply a collection of a vast number of cells in the
CA. However, the outward motion of matter can represent the expansion of the universe
from the initia creation area. Currently, we believe that Milne cosmology (ref. 54) is the
best model for cosmology. Here the observed characteristics of the red shift can be
explained by the dynamics of the expansion motion. Here, the expansion does not follow
the perfect cosmological principle, and there exists reference frames that are privileged.
The cosmological redshift, and isotropy are explained by this model without recourse to
expanding 4D space-time. Again, thisis an area that requires much work.

226 WORMHOLESAND TIME MACHINES

The wormhole is a short cut through space and time. It is synonymous with a spacewarp,
or a warping, bending, or folding of 4D space-time. These objects are usually associated
with very intense gravitational fields, and therefore highly curved 4D space-time.
Wormholes come in at least two types: inter-universe wormholes, which connect ‘our’
universe with ‘another’ universe, and intra-universe wormholes, which connect two distant
regions of our universe with each other. A time machine is an object or system that
permits one to travel into the past. Paradoxes arise because once back in the past one
should be able to influence one's own future (which is one's own past) by some physical
means. One example of thisis the famous * grandfather paradox’.

In EMQG, wormholes and time machines are simply not possible! Recal that the
curvature of 4D space-time is the result of the activities of the virtua particles of the
guantum vacuum, which act on light and matter through a Fizeau-like scattering process
(section 16.5). Curved, 4D space-time does not represent the actual geometry of the
universe. The actual geometry of the universe cannot be warped, since it is smply a
collection of a vast number of cells in the CA. In particular, if such enormous
concentrations of matter are brought together that can cause the required curvatures, the
laws of generd relativity might breakdown. For example, the principle of equivalence may
break down (and therefore, genera relativity). Recall that the principle of equivalence is
not perfect, and the direct graviton component of the interaction dightly imbalances the
fall of avery large and a small mass (section 15.8). If the mass concentration is sufficiently
large, the graviton component can compete with the normally strong electromagnetic
component of the vacuum, and cause a significant imbalance. Similarly, time machines are
not possible. A time machine would have to return an observer to a previous state of the
CA, which cannot be done. To do so would require the ability to manipulate the CA on a
numerical level.

23. CONCLUSIONS

We have presented two new paradigms for physical reality, which restores a great unity to
al physics. First, we have argued that our universe is a vast Cellular Automata (CA)
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simulation, the most massively parallel computer model known. This CA structure is a
simple 3D geometric CA. All physical phenomena, including space, time, matter, and
forces are the result of the interactions of information patterns, governed by the
mathematical laws and the connectivity of the CA. Because of the way the CA functions,
all the known global laws of the physics must result from the local mathematical law that
governs each cell, and each cell contains the same mathematical law. We have seen that
the CA structure automatically presents our universe with a speed limit for ‘motion’.
Quantum field theory requires that all forces are the result of the boson particle exchange
process. This particle exchange paradigm fits naturally within CA theory, where the boson
exchange represents the transfer of boson information patterns between (fermion) matter
particles. All forces (gravity is no exception) originate from exchange processes dictated
by quantum field theory.

Secondly, we have argued that quantum gravity (called EMQG) involves two pure force
exchange processes. Both the photon and graviton exchanges occurring simultaneously
inside a large gravitational field. Both particle exchange processes follow the particle
exchange paradigm that was introduced in QED. We modified a new theory of inertiafirst
introduced in ref. 5, which we call HRP inertia. In HRP inertia, inertia is the resulting
electromagnetic force interaction of the charged ‘parton’ particles making up a mass with
the background virtual photon field, which they called the zero point fluctuations (or
ZPF). We modified HRP inertia, which we now cal Quantum Inertia (or Ql). The
modification involves the introduction of new particle of nature called the masseon, which
composes al (fermion) mass particles. The masseon is eectricaly charged (as well as
possessing mass-charge). Quantum Inertiais based on the idea that inertia force is due to
the tiny electromagnetic force interactions (not fully defined at this time) originating from
each charged masseon particle of real matter undergoing relative acceleration with respect
to the virtual, electrically charged masseon particles of the quantum vacuum. These tiny
forces is the source of the total resistance force to accelerated motion in Newton's law ‘F
= MA’, where the sum of each of the tiny masseon forces equals the total inertial force.
The exact detail of the tiny electromagnetic forces is not known, and hence this remains a
postulate of EMQG. This new approach to classical inertia automatically resolves the
problems and paradoxes of accelerated motion introduced in Mach's principle, by
suggesting that the virtual particles of the quantum vacuum serve as Newton's universal
reference frame (which he caled absolute space) for accelerated motion only. Thus,
Newton was correct that it is the relative accelerated motion with respect to absolute
gpace that somehow determines the inertia of a mass, but absolute space is totally useless
in determining the absolute velocity of a mass.

The relative accelerated motion of the virtual masseons of the quantum vacuum with
respect to the average motion of the real masseon particles that are bound in a mass can be
used as the reference frame to define absolute mass (which is equivalent to special
relativistic rest mass). Thisis contrary to special relativity, and to the known mass-velocity
formula of specia relativity. However, we have shown that the quantity of force
transmitted between two objects in different inertial reference frames depends on the flux
rate of the exchange particles. In other words, the number of particles exchanged per unit
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of time represents the magnitude of the force transmitted between the particles. If the
relative velocity v<<c the exchange process appears amost the same as when the two
particles are at rest, which is because the velocity of light is very high when compared to
‘v’, and the flux rate remains unaffected. Now as the relative recession velocity v -> ¢, it is
comparable to the velocity of the exchange particle, and this effects the received flux rate.
From the Lorentz time dilation, the timing of the exchange particle is altered, as given by t
=ty / (1 —Vv4cA . Thetiming of the exchange particles is altered, and therefore the flux
rate is altered as well, since flux has units of numbers of particles per unit time. Therefore,
the magnitude of the force is reduced by: F = Fo (1 — v¥/c?)¥% where is F, is the magnitude
of the force when at relative rest. Thus, we have concluded that the force is actualy
reduced in strength, not the mass that increases. The reduced force is less effective in
accelerating a mass, which can be interpreted as a mass increase.

We found that gravity also involves the same ‘inertial’ electromagnetic force component
that exists in an accelerated mass, which reveals the deep connection between inertia and
gravity. Inside large gravitational fields there exists a smilar quantum vacuum process that
occurs for inertia, where the roles of the rea charged masseon particles of the mass and
the virtual electricaly charged masseons of the quantum vacuum are reversed. Now it is
the charged virtual particles of the quantum vacuum that are accelerating, and the mass
particles are at relative rest. Furthermore, the genera relativistic Weak Equivalence
Principle (WEP) results from this common physical process existing at the quantum level
in both gravitational mass and inertial mass. Gravity involves both the electromagnetic
force (photon exchanges) and the pure gravitational force (graviton exchanges) that are
occurring simultaneoudly. However, for a gravitational test mass, the graviton exchange
process (only found in minute amounts in inertial reference frames) occurring between a
large mass, the test mass, and the surrounding vacuum particles upsets perfect equivalence
of inertial and gravitational mass, with the gravitational mass being dightly larger. One of
the consequences of thisisthat if avery large, and atiny mass are dropped s multaneoudy
on the earth, the larger mass would arrive dightly sooner. Since thisis in violation of the
WEP, the strong equivalence principle is no longer applicable.

We proposed that al (fermions) matter particles get their quantum mass numbers from
combinations of just one fundamenta matter (and anti-matter) particle called the
‘masseon’ particle. The masseon has one fixed, (lowest) quanta of mass, which we called
low level ‘mass charge’. The masseon aso carries either a positive or negative (lowest)
quanta of electric charge. Furthermore, we proposed a new universal constant “i”, defined
as the inertial force existing between the guantum vacuum and a single charged masseon
particle, which is accelerating at 1 g. This force represents the lowest possible quanta of
inertial force (at 1g) and gravitational force on the earth. The masseon particle generates a
fixed flux of gravitons (in analogy to electrical charge), with the flux rate being unaffected
by relativistic motion. In EMQG, graviton exchanges are physically smilar to photon
exchanges in QED, with the same concept of positive and negative gravitationa ‘mass
charge’ carried by masseons and anti-masseons, with the ratio of the graviton to photon
exchange force being 10* . We found that graviton exchanges occur between a large
mass and the surrounding virtual particles of the quantum vacuum, and they also directly
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occur between the large mass and a test mass. The electromagnetic force (photon
exchanges) between the virtual particles and the test mass (occurring in inertial frames and
in gravitational frames) is responsible for the equivalence of inertial and gravitational mass.
The pure gravitationa force (graviton exchanges) is responsible for the distortion of the
(net statistical average) acceleration vectors of the virtual particles of the quantum vacuum
near the earth (with respect to the earth). We also found that because there are equal
numbers of virtua masseon and anti-masseon particles existing in the quantum vacuum
everywhere (at any given instant of time) the cosmological constant must be very close to
zero.

Since the state of the electrically charged virtua masseons of the quantum vacuum are
very important in considerations of inertia and gravitation (and is responsible for the
equivalence principle), we introduced a new paradigm for the origin of 4D, curved
Minkowski space-time near a large mass. We found that 4D space-time is smply a
consequence of the behavior of matter (fermions) and energy (photons) under the
influence of the (net statistical average) downward accelerated ‘flow’ of the charged
virtual particles of the quantum vacuum. This accelerated flow can be thought of as a
gpeciad ‘Fizeau-like fluid’ (unknown to Einstein when he was developing relativity). Like
in the Fizeau experiment (performed with constant velocity water) the behavior of light,
clocks, and rulers are now affected by the accelerated ‘flow’ of the virtual particles of the
guantum vacuum with respect to a large mass (and in accelerated frames). This
accelerated flow can now act on motion of matter and light, to distort space and time.
Furthermore, we have shown mathematically that the amount of space and time curvature
based on EMQG corresponds to the same amount predicted by the Schwartzchild metric
for the earth. This conclusion was based on the concept that photons scatter off the virtual
particles of the quantum vacuum, thus maintaining the same acceleration as the
downward ‘flow’ of virtual particles (in absolute CA units). Photons, however, still move
at an absolute constant speed between the virtual particle scattering.

We have concluded that the speed of light in a universe where the quantum vacuum is
absent of all virtual particlesis greater than the light velocity in our actual universe. Thisis
because in our universe the real photons scatter off the virtual particles, which introduce a
small random delay before another real photon is re-emitted. In addition, the photon
undergoes second-order (and higher) scattering processes (according to QED theory),
which aso contribute to extra delays. Thus the velocity of light that we observe in our
universe is a net average statistical value based on the ‘raw low-level’ photon velocity
minus an unknown but very large velocity penaty due to the total scattering process.
Over classicad distance scaes, the average light velocity is constant in al directions
because of the immensely large number of interactions that occur, and the remarkable
regularity of the quantum vacuum.

On quantum distance scales Minkowski 4D space-time gives way to the secondary
(quantized) absolute 3D space and separate absolute (quantized) time required by CA
theory. Curved 4D space-time is replaced by a new paradigm where curvature is a result
of pure particle interaction processes. Particles occupy definite locations on the CA cells,
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and particle states are evolved by a universal ‘clock’. All interactions are absolute,
because they depend on absolute space and time units on the CA. However, we cannot
probe this scale, because we are unable to access the absolute cell locations, and numeric
contents of the cells. In this realm, the photon particle (as well as the graviton) is an
information pattern, that moves (shifts) with an absolute constant ‘velocity’, since it
merely shifts from cell to neighboring cell in every ‘clock’ cycle of the CA.

Gravitational waves (GW) do not work the same way as the Electro-Magnetic Waves
(EMW) in QED. The GW’ is not directly quantized by gravitons. A periodic accelerating
mass causes a corresponding periodic variation in the graviton flux at any point
surrounding the mass. This is responsible for the initial periodic disturbance in the (net
average statistical) acceleration vectors of the virtua particles of the quantum vacuum at
that point. This periodic disturbance of the average acceleration vectors of the nearby
virtua particles with respect to the original massis the actual GW, which can carry energy
to avery distant detector. We found that the GW carries a large energy density due to the
huge numbers of virtua particles involved, which is quite capable of explaining the large
stiffness of the GW predicted by general relativity. The ‘stiffness of the GW can induce a
vibration in a large solid aluminum cylinder after traveling for hundreds of light years!
Once the periodic virtual particle disturbance is started it is self —propagating, primarily by
the mutual quantum vacuum virtual particle electromagnetic force interactions. The
undisturbed acceleration vectors of the virtual particles in the path of the GW, now
becomes disturbed (electromagnetically) when the GW arrives.

We have studied the Lense-Thirring effect (or inertial frame dragging) for a rotating mass
like the earth using EMQG. The basic reason for inertial frame dragging is the finite speed
of propagation of the graviton particle (the speed of light). This allows time for a spinning
mass like the earth to rotate an observer a small amount while the graviton is still in flight
as it propagates outwards. The finite velocity of the graviton particle along with the
downward GM/R? acceleration component of the charged virtual particles of the quantum
vacuum is entirely responsible for inertial frame dragging. The angle of deflection of the
downward accelerating virtua particles of the quantum vacuum with respect to the non-
rotating earth represents the amount of deflection of inertia frames, with the deflection
angle varies with height. Recall that the direction of 4D space-time curvature is the same
as the direction of the virtual particle acceleration. Therefore, this angle represents the
shifting of the direction of 4D space-time curvature. The motion of any free falling
(gravity-free) test mass is modified in the presence of the curved trgectory of virtual
particles. If atest massisin free-fal, the contribution of gravity to the motion of the mass
is canceled out (at a point), and the resulting motion of the test mass is purely inertial.
Therefore, the free fall frame is deflected by an angle that varies with height. We have
calculated this angle at the earth’s surface to be 42.5 milli-arc seconds which agrees well
with general relativity, with a much ssimpler approach.

Thus, through a small reformulation of special relativity and the development of a new

theory of quantum gravity that eliminates the classical ideas of space-time and matter in
general relativity, we conclude that our universe is a vast, 3D Cedlular Automata
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computer. In the process, we have discovered the hidden quantum interactions behind
inertia and the principle of equivalence.
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1lg Acceleration of the Rocketis 1 g /F 19
NEQUAL MASSES AT REST ON THE FLOOR SNAPSHOT OF MASSES IN FREE FALL

Figure #1 - Masses '2M' and 'M' at rest Figure #2 - Masses '2M'and 'M' in
on the floor of the rocket free fall inside of a rocket

EGEND: . = A virtual particle of the quantum vacuurn(taken as the rest frame)

f = Areal mass particle undergoing relative upward acceleration of
o =

Equivalence

A real matter particle at relative rest with respect to the vac
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Surface of the Earth where gravity produces a 1 g acceleration

Figure #3 - Masses '2M'and 'M' Figure #4 - Masses 2M' and 'M'
at rest on Earth's surface in free fall above the Earth
LEGEND: | Relative downward acceleration (1g) of a virtual particle

Relative downward acceleration (1g) of a real matter particle
A real stationary matter particle (with respect to the earth's center)

FIGURES 1 TO 4 - THE PRINCIPLE OF EQUIVALENCE FOR A
STATIONARY MASS ON THE EARTH AND INSIDE A ROCKET
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FIGURE #5 - VIRTUAL PARTICLES BONDED UNDER FREE FALL IN A ROCKET (1G)
Virtual Particle Bonding Q = A Virtual Masseon Particle

Virtual Quarks Virtual Electrons
\ Rocket at 1g
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FIGURE #6 - VIRTUAL PARTICLES BONDED UNDER FREE FALL NEAR THE EARTH
Virtual Particle Bonding

Virtual Quarks \Virtual Electron\ ( > Virtual Falling Masseon Particle
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=

ure #7 - VIRTUAL PARTICLE PATTERN FOR THE EARTH AND MOON IN FREE FALL NEAR THE SUN

["The Observer is stationed on the surface of the Virtual Particles
Sun. The virtual particle pattern is disrupted by accelerated by the Sun
the Earth and Moon. It is difficult to see that the
resulting virtual particle pattern causes the two

bodies to reach the Sun at the same time.
However, if the observer is placed in free fall,
the virtual pattern is the same as Figure #8,
L where the results are obvious.
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Figure #8 - VIRTUAL PARTICLE PATTERN FOR THE EARTH AND MOON IN FREE FALL IN A ROCKET

<\ An Observer outside the
rocket 'sees' the virtual
particles of the vacuum

EARTH MOON
@Acceleraﬂon of Rocket equals
Sun's acceleration

The Earth and Moon arrive on the floor of the huge rocket at the same time (the floor
simply moves up to meet these bodies). But now, the virtual masseon particles near these
two bodies are distorted and interacting with the real masseons in these two bodies.
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F

ure #9 - INERTIAL FRAME DRAGGING OR LENSE-THIRRING EFFECT

We are looking done on the north pole of a massive rotating sphere with observer A on the surface of equator rotating with the sphere

Rotational velocity VvV -->C The same setup now viewed from a non-rotating
observer B at rest with respect to the mass center
E Rotatipnal velogjty v --> ¢
High Density -
Low Density
Path of graviton flux

Close-up of a test mass following the
accelerated path of the virtual
particles of the quantum vacuum

Part of a Spiral of
Archimedes Curve

The path of the virtual particles
of the quantum vacuum is the
same as the graviton flux as
seen by observer A

v = 463 m/sec

R=6,370,000 m
r =103,176c theta

------------------ |- Spiral of Archimedes:
r =k Theta
When v =c the spiral is
normalized so thatr =c
when theta = 2pi. The
spiral depends only on
the ratio of the velocity
of the graviton and the
angular velocity v. Thus
r = c*c*theta/(2*Pi*v).

Graviton Path

Theta = 42.5 milli-
arcseconds

The Earth (not to scale)
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Figure #10 - MOTION OF REAL PHOTONS IN THE PRESENCE OF VIRTUAL PARTICLE NEAR EARTH

The Observer is stationed on the surface of the

Earth. The virtual particles are accelerating . .
downwards atlg through graviton exchanges The virtual particles are \L \L \L
with the earth. Light scatters with the electrically accelerated (1g) through
charged virtual particles, thus altering the path. graviton exchanges with Earth.

FIZEAU-LIKE SCATTERING OF LIGHT THROUGH THE ACCELERATED VAQUUM

THe photons scatter with the electrically This straight path represg¢nts the raw
charged virtual particles, which are low-level photon velocity bgtween virtual
afcelerating downward at 1g. Photons particle scattering, and |s 'straight'.
travel perfectly straight, and at a much

hig

=3

gonstant). The scattering deflects the
photon path, and reduces it's velocity
Hrough Fizeau-like vacuum scattering.

ner velocity (in absolute units) than the
measured light velocity (which is
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Figure #11 - MOTION OF REAL PHOTONS IN A ROCKET ACCELERATING AT 19

Virtual Particles at relative rest

with respect to our observer O O O O

oustside the rocket

The real photons still scatter with the
electrically charged virtual particles of
the quantum vacuum, but results in a
straight path for our outside observer.
However, the Fizeau-like scattering
reduces the absolute light velocity.

This observer is stationed outside the rocket.
The virtual particles are at relative rest with
respect to him. Light travels perfectly straight for
this outside observer, but appears to curve for
an observer stationed on the floor of the rocket




Figure #14 - BLOCK DIAGRAM OF RELATIONSHIP OF CA AND EMQG WITH PHYSICS

* CELLULAR AUTOMATA PARADIGM

The fastest known Parallel Computer Model. Here K %Léigg rt;lztweee%htﬁiz I;:nz

strict locality prevails, and there exists a maximum Cellular Automata theory

limiting speed for the transfer of information. Theree are not fully known
automatically exists an absolute, quantized 3D i
space in the form of 'cells', and quantized time.

Special Relativity
This theory follows as
a direct consequence
of Cellular Automata.

Quantum Field Theory and
Quantum Electrodynamics (QED)
All Forces result from Particle Exchanges.
Dirac equ. predicts particle-antiparticle pair
creation, with all charge types reversed
Classical .
Electro- VIRTUAL PARTICLES OF THE VACUUM BOSON
. The existence of the 'Electrically-Charged' and ‘Mass- PARTICLE
Magnetism \/i ;
Charged' Virtual Particles (Masseons) of the Vacuum. EXCHANGE
These are responsible for inertia. Their existence
automatically resolves the Cosmological Constant PARADIGM
* GRAVITON
Newton's Laws Mach's QUANTUM INERTIA
f Moti Princiol PARTICLE
0 0 an . rincip e. This is based on the Photon
Deep Connection with Deep connection i
. Exchanges between matter Responsible
the quantum vacuum. with the vacuum. : . . i
particles and Virtual Particles. for gravity.

* ElectroMagnetic Quantum Gravity (EMQG) Theory
This theory is based on both Photon and Graviton exchanges occuring with the virtual
particles. In Inertia, only Photon exchanges occur between matter particles and the Virtual
Particles. In Gravitational Fields, this process still occurs with the addition of graviton
exchanges with the vacuum particles. The Equivalence Principle is derived from this.

N2
Principle of
Equivalence

N2

General Relativity

N2
Curved Riemann 4D
Space-Time Curvature

A Finalized Quantum Gravity Theory

* Newly Developed Theory
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X, N PHOTON X, lpvu= Pg)ton Velocity X, N X, N

s e " e

Cellular Automata arg— Ellack squares signify the occupation of a cell with the numeric state '1', otherwise it is zero

Photon at t, Photon at t, Photon at t, Photon at t,
lptu=t,-t 1 pdu
Figure #15 - Simplified model of the motion of the photon information pattern on the CA.
The photon information pattern moves 1 plank unit to the right at every plank ‘clock cycle'
(Note: The photon is actually an oscillating wavepattern (the wavefunction not shown in this simplified diagram)

Absolute CA units: 1 pdu is the shifting of information by 1 cell; 1 ptu is the time to shift 1 cell; 1 pvu = photon velocity

Observer A o= Photon motion is decoupled ~.. Observer B
from the source, and propagates s

H d ,',’/ ; on the CA as shown above. é\\ < d ;
— i \
Green Light source .—> Green Light source ‘_>

Detector

)
I

N

Figure #16 - Light velocity measurement from two observers The Relative velqcity is v =v, - v,

with identical measuring apparatus with different absolute CA velocities v _and v,

I I I I I I
Figure #17 - Definition of an inertial reference frame. Identically
constructed clocks are spaced apart at regular intervals by a ruler
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