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Introduction

In most introductory classes on quantum mechanics, the physics professor starts out by
explaining to the students that they are going to learn about certain properties of subatomic
particles that are simply not conceptually understandable. For example, subatomic particles
can discontinuously jump from one point to another without passing through the surrounding
space. Fundamental particles exhibit angular momentum even though they are virtually point
particles. An isolated molecule can only rotate at specific frequencies. Two entangled photons
can communicate faster than the speed of light over large distances - etc. These and many
other quantum mechanical effects are not understandable when analyzed using current
conceptual models of particles and forces.

To be fair, a strict application of the principles of quantum mechanics does not strive to give a
physically understandable explanation of these phenomena. Instead, the objective of quantum
mechanics is to describe rules of each quantum mechanical operation and mathematical
equations which describe these operations. For example, an electron is described as a point
particle because this mathematical simplification is adequate to obtain useful equations. As
Paul Dirac said, the aim is “not so much to get a model of an electron as to get a simple scheme
of equations which can be used to calculate all the results that can be obtained from
experiment”l.

Today, physicists have learned to suppress their innate desire for conceptual understanding.
The explanation given for our inability to conceptually understand quantum mechanical
phenomena ultimately implies that the human brain evolved to understand the macroscopic
world. Therefore, we simply should not expect to conceptually understand the properties of
subatomic particles or photons. These concepts are just too far removed from our hunter
gatherer roots. Over time we reluctantly learn to accept abstract quantum mechanical
concepts and regard the desire for conceptual understanding as a remnant of classical physics.
However, the importance of a model that gives conceptual understanding should not be
minimized. If there really is an underlying simplicity to all of physics, then understanding this
most basic model not only simplifies the teaching of physics, but also makes it easier to extend
this model and make testable predictions which advance science. Such a model would be a
powerful new tool that would greatly accelerate the rate of new discoveries.

There is clear evidence that the current starting assumptions for quantum mechanical
calculations contain at least one error. When calculations fall apart and yield an impossible
answer such as infinity, these equations are screaming that a rigorous extension of the starting
assumptions gives nonsense. Renormalization might seem to fix the problem, but this is
merely artificially adjusted the answer so that it is no longer logically derived from the starting
assumptions. Instead the unreasonable answer should be taken as an indication that the model
being analyzed contains at least one erroneous assumption. Every time an incorrect

1P, A. M. Dirac, “Classical Theory of Radiating Electrons,” Proc. Royal Soc., vol. 168, (1939)



assumption is utilized, the mathematical analysis must yield an incorrect answer (garbage in,
garbage out). Our inability to conceptually understand parts of quantum mechanics is a further
indication that we are using an incorrect model. The approach taken in this book is to explore
the possibility that there really is an underlying simplicity beneath the counter intuitive
complexity of quantum mechanics. This is equivalent to saying that we are looking for the
fabled “Theory of Everything”. A logical starting point for this search should be to start with
the simplest possible starting assumption which is: The universe is only spacetime.

This simplest possible starting assumption implies that there is only one fundamental force,
only one fundamental field and only one fundamental building block of all particles.
Furthermore, even though forces, fields and particles appear to be very different, the starting
assumption implies that on a deeper level they are all just different aspects of 4 dimensional
spacetime. If this starting assumption is wrong, it should quickly become obvious because the
properties of 4 dimensional spacetime are very limiting. Unlike the current state of physics
which is free to postulate any number of dimensions, multiple universes, vibrating strings,
messenger particles, etc., this starting assumption is very restrictive. All particles, fields and
forces must be derived from only the properties of 4 dimensional spacetime.

Before the time of Galileo, the world was viewed as being full of mysterious occurrences which
were either not questioned or attributed to the supernatural. With the dawn of the age of
analytical science, it was realized that many of the mysteries were knowable and could be
explained with laws of physics. The moon, planets and stars were not held above the earth by
crystal spheres. The same gravity that caused a rock to fall here on earth also caused the moon
to have a predictable orbit around the earth. What was previously considered an unknowable
mystery was explained through deductive reasoning, mathematics and the application of the
scientific method.

We have come a long way since the time of Galileo, but even today we have many mysteries
that are considered beyond human understanding. For example, we have a multitude of
mysterious effects that we attribute to different types of “fields”. We can write equations that
describe the effects of these “fields”, but we really do not attempt to conceptually understand
the “fields” themselves. [ see an analogy to the time before Galileo and our present day attitude
towards fields being physically unknowable. For example, how and why does matter cause a
curved spacetime field? What is the physical difference between the field produced by a
positively charged particle and a negatively charged particle? Do electric and magnetic fields
produce a distortion of spacetime?

If the universe is only spacetime, then even mysterious “fields” should be knowable. For
example, a new constant of nature will be proposed that quantifies the distortion of spacetime
produced by an electric field and electromagnetic radiation. Also the concept that the universe
is only spacetime has profound implications for science. This book makes the case that all
particles, fields and forces are made of the single building block of 4 dimensional spacetime.
However, this is not the quiet, smoothly curving spacetime envisioned by Einstein. His model
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of spacetime only describes spacetime on the macroscopic scale. All the action (energy) is on
the quantum mechanical scale where spacetime is full of activity. This quantum mechanical
model of spacetime is analyzed and found to possess the properties that allow it to be the
single building block of everything in the universe.

Gravity is very well understood on one level, but it also has many mysteries. Why is the force of
gravity vastly weaker than the other 3 fundamental forces? Why does gravity have only one
polarity (always attracts)? Is gravity even a true force or merely the result of the geometry of
spacetime? Can gravity be unified with the other forces? If we assume that the universe is only
spacetime, then we bring a new perspective to explaining the mysteries of gravity. Both
fundamental particles and the force of gravity can be derived from this starting assumption.
There is no need to make an analogy to acceleration to explain the force of gravity.
Furthermore, this approach makes a prediction about a previously unknown relationship
between the gravitational force and the electromagnetic force. This prediction is easily proven
correct and it confirms that these two forces are closely related.

The standard model of particle physics has passed many tests. However, many mysteries still
remain. The conventional models say that fundamental particles are either point particles or
Planck length vibrating strings that are virtually point particles. Neither of these models
explains numerous quantum mechanical properties of fundamental particles. For example,
how do fundamental particles discontinuously move from point to point without passing
through the intermediate space? How do they possess angular momentum of % h when they
are virtually points? How much of an electron’s energy is stored in its electric/magnetic field?
How does it exhibit both wave and particle properties? Is a fundamental particle made of some
even more fundamental building block? This book shows that when fundamental particles are
assumed to be made of spacetime (the quantum mechanical model of spacetime), then these
counter intuitive properties can be explained. They become conceptually understandable and
mathematically quantifiable. Furthermore, this model gives predictions about gravity and
electric fields.

To most scientists this starting assumption (the universe is only spacetime) will initially seem
impossible. How can matter, light, galaxies and the forces of nature be obtained from what
appears to be the empty vacuum of spacetime? Well, the quantum mechanical model of
spacetime proposed here is far from being a featureless void. Besides having well known
properties such a speed of light and a gravitational constant, it also has impedance and a bulk
modulus. Most important, the quantum mechanical version of spacetime is full of activity.
Vacuum fluctuations (zero point energy) imply that vacuum has a vast energy density. Yet
experiments and analysis seem to indicate an empty void. The measurable energy density of
space from cosmology is about 10120 times less than the energy density implied by the quantum
mechanical model of a vacuum. The common assumption is that something must cancel out the
implied tremendous energy density of vacuum. The alternative proposed here is that the
vacuum really does have this tremendous energy density, but there is a key difference between
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the energy that we can detect and the energy that we cannot detect. It is not necessary to
assume energy cancelation, it is only necessary to understand the difference between the two
types of energy (fermions/bosons versus vacuum energy).

This book attempts to show that the biggest mysteries of quantum mechanics become
conceptually understandable when we adopt the model that builds particles and forces from
the quantum mechanical properties of spacetime. Limitations of the human intellect have
nothing to do with our inability to conceptually understand the mysteries of quantum
mechanics and general relativity. We have been using the wrong models! The human intellect
can understand anything in nature provided that we are using the correct model.

The model of the universe described here is shown to be compatible with existing laws and
equations of physics. The concepts are checked to confirm plausibility by numerous
calculations. Most of these are algebraic calculations so that the book is accessible to a wide
audience of readers that are scientifically knowledgeable but not necessarily specialists. The
few calculations that go beyond this basic level are handled in a way that the reader can grasp
the result without necessarily following the mathematics.

The content of this book was not first presented in technical papers because the subject is just
too large. It is necessary to lay out a series of introductory ideas, and then weave these
concepts into a single coherent theory. A large part of the appeal of this approach is how a
single starting assumption can answer so many diverse questions in physics.

(Note: The first three chapters lay important groundwork that prepares the reader to understand

the proposed model. These chapters have a strong emphasis on physical interpretation and
definitions. To establish a common base of physical interpretation, it is necessary to sometimes
present explanations about quantum mechanics or general relativity that experts will find
elementary. The objective of introducing these elementary concepts is to provide a shared
explanation for the physical interpretations that are being used in the remainder of the book.
Development of the wave based model of the universe starts in earnest in chapter #4.

viii



Chapter 1

Confined Light Has Inertia

At the end of this chapter there is Appendix A that gives a more rigorous mathematical analysis
of the concepts first presented using only algebraic equations. It is therefore possible to read
this chapter on two levels.

Light in a Reflecting Box: The concepts presented in this book started with a single insight. I
realized that if it was possible to confine light in a hypothetical 100% reflecting box, the
confined light would exhibit many of the properties of a fundamental particle. In particular, a
confined photon would possess the same inertia (rest mass) and same weight as a particle with
equal internal energy (£ = mc?). If the box is moving, a confined photon also exhibits the same
kinetic energy, same de Broglie waves, same relativistic length contraction and same time
dilation as an equal energy particle.

It is an axiom of physics that a photon is a massless particle. Massless particles do not have a
rest frame of reference. They are moving at the speed of light in any frame of reference.
However, if light is confined in a box, it is forced to have a specific frame of reference. This
“confined light” then exhibits properties normally associated with a rest mass of equivalent
energy (m = E/c?) in the frame of reference of the box. This will first be analyzed using the
following special relativity equation:

2 2
E
n? = (C—z) - (g) where: pis momentum and £'is energy (equation 1)
Note to the reader: The first time symbols are used, they will be identified in the text. All the
symbols used in the book and the important equations are also available in Chapter 15. It is
recommended that you take a moment and look at chapter 15. If you are reading this book

online, it is recommended that you print out Chapter 15 (10 pages) as an essential quick
reference.

If a “particle” has energy of £ = p¢ then substituting this into the above equation gives:

, p2C2 p_2 _
m= ct ) \cz)™
In other words, when £ = pg then a “particle” has no rest mass. Now, momentum is a vector,
so a very interesting thing happens when we apply equation #1 to confined light. For example,

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 1-1



a single photon confined between two reflectors is a wave traveling both directions
simultaneously. The total momentum of this photon is zero because the two opposite
momentum vectors nullify each other. Substituting p = 0 into the equation #1 yields:
(m = E/c?). In other words, confined light satisfies the definition of rest mass.

Another example of a photon gaining rest mass is a photon propagating through glass. If the
glass has an index of refraction of 1.5, then the photon propagates at only 2/3 the speed of light
in a vacuum and the momentum of the photon is reduced. The photon does not change energy
when it enters the glass, but some of its momentum is imparted to the glass upon entrance and
this momentum is returned to the photon upon exit. While the photon is propagating in the
glass, it can be thought of as possessing some rest mass because £ # pc. In other words, glass
that has light propagating through it has more total mass (more inertia) than the same glass
without any light propagation. It is also possible to analyze this more deeply and get into
forward scatter and phase shifts introduced by the atoms of the glass. This analysis implies
that the light has undergone partial confinement as it propagates through the glass at less than
the speed of light in a vacuum. This partial confinement adds a small amount of “rest mass” to
the glass.

The following example gives a deeper physical insight into how it is possible for confined light
to exhibit mass. Suppose that a laser cavity has a 1 meter separation between two highly
reflective mirrors. This isa 2 m (6.67 ns) round trip for light reflecting within this cavity. Light
exerts photon pressure on absorbing or reflecting surfaces. The force exerted on an absorbing
surface is F = P/cor twice this force is exerted on a reflecting surface F = 2P/cwhere F =force
and P =power. If the laser in this example had 1.5 x 108 watts circulating between the two
mirrors (reflecting surfaces), the energy confined between the two mirrors would be equal to
1]Joule and a force exerted by the light on each mirror would be one Newton in an inertial
frame of reference.

Suppose that the laser is accelerated in a direction parallel to the optical axis of the laser. In the
accelerating frame of reference, there would be a slight difference in the frequency of the light
striking the two mirrors because of the mirror acceleration that occurs during the time
required for the light to travel the distance between the two mirrors. The front mirror in the
acceleration direction would be reflecting light that has Doppler shifted to a lower frequency
compared to the light that is striking the rear mirror. If we return to the example of 1.5 x 108
watts of light circulating between two mirrors separated by one meter, then the force exerted
against the front mirror would be slightly less than one Newton and the force exerted against
the rear mirror would be slightly more than one Newton because of the difference in Doppler
shifts. This force difference can be interpreted as the force exerted by the inertia of 1 Joule of
confined light. The inertia of 1 Joule of confined light exactly equals the inertia of a mass with 1
Joule of internal energy (1.11 x 10-17 kg). For comparison, this mass is equal to about 6.6 billion
hydrogen atoms.
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While general relativity treats energy in any form the same, particle physics does not. The
Standard Model of particle physics suggests that leptons and quarks require the hypothetical
Higgs field to create the inertia of these particles. Therefore, in this example 6.6 billion
hydrogen atoms require a Higgs field for inertia but an equal energy of confined light exhibits
equal inertia without the need of a Higgs field. In fact, the inertia exhibited by the confined
light is ultimately traceable to the constancy of the speed of light.

If we place the laser with 1 Joule of confined light stationary in a gravitational field, the
confined light will exert a net force on the two mirrors equivalent to the weight expected from
6.6 billion hydrogen atoms. If the laser is oriented with its optical axis vertical, then the net
force difference comes from what is commonly called the gravitational red/blue shift. This
name is a misinterpretation that will be discussed later. The point is that more force is exerted
on the lower mirror than the upper mirror because of the gravitational gradient between these
two mirrors. If the laser is oriented horizontally, there will be gravitational bending of the
light. The mirror curvature normally incorporated into laser mirrors easily accommodates this
slight misalignment. However, the bending of light introduces a downward vector component
into the force being exerted against both mirrors. This vector component is the weight of the
light. It is true that general relativity teaches that energy in any form exhibits the same gravity.
Therefore the gravitational similarity is expected. However, this does not automatically
translate into giving inertia to quarks and leptons.

Confined light also exhibits kinetic energy when it is confined in a moving frame of reference.
Suppose that the laser with 1 Joule of confined light travels at a constant velocity relative to a
“stationary” observer. Also suppose that the observer sees the motion as traveling with the
optic axis of the laser parallel to the direction of motion. The stationary observer will perceive
that light propagation in the direction of motion is shifted up in frequency and light
propagating in the opposite direction is shifted down in frequency. Combining these perceived
changes in frequency result in a net increase in the total energy of the confined light.
(Appendix A) This energy increase is equal to the kinetic energy which would be expected
from the relative motion of a mass of equal internal energy. Appendix A also shows that the
energy increase (kinetic energy) is correct even for relativistic velocities. The kinetic energy of
the confined light is ultimately traceable to the constancy of the speed of light.

Confined Black Body Radiation: Thus far, the example of confined light has used a laser with
highly reflecting mirrors. An alternative example could use an ordinary cardboard box at a
temperature of 300°K with an internal volume of 1 m3. The blackbody radiation within this
box would have infrared light being emitted and reabsorbed by the internal walls. For the
stated conditions, the blackbody radiation within the box would be about 6.1 x 10¢ | of
radiation in flight within the volume of the box at any instant. This energy is equivalent to the
annihilation energy of about 40,000 hydrogen atoms. Even though the black body radiation
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example is slightly harder to see, the result is similar to having reflecting walls. The confined
black body radiation exhibits inertia, weight and relative motion exhibits kinetic energy.
Carrying this blackbody radiation example further, let’s consider the sun with a core
temperature of about 15,000,000°K. At this temperature, the radiation is primarily at x-ray
wavelengths. This confined x-ray radiation has inertia equivalent to about a gram per cubic
meter. At a higher temperature where a star can burn carbon, the inertia of the confined x-rays
is equivalent to the inertia of an equal volume of water (density = 1000 kg/m?3). Once again,
no Higgs field is required for confined radiation to exhibit inertia.

The examples used above had bidirectional light traveling in a laser or multi directional light
traveling within a black body cavity. It would also be possible to confine light by having the
light traveling in a single direction around a closed loop. For example, light could be confined
by traveling around a loop made of a traveling wave tube or fiber optics. Also, it is not
necessary to limit the discussion to light. Gravitational waves are also massless because they
propagate energy at the speed of light. There are no known reflectors for gravitational waves,
but it is hypothetically possible to imagine confined gravitational waves. If there were confined
gravitational waves, they would also exhibit the rest mass property of inertia and exhibit
kinetic energy when the confining volume exhibits relative motion.

A photon is often described as a “massless particle”. We now see that a qualification should be
added because only a freely propagating photon is massless. A confined photon possesses rest
mass (possesses inertia). Both photons and gravitational waves are examples of energy
propagating at the speed of light. In chapter 4 another form of energy propagating at the speed
of light will be introduced (waves in spacetime). This also exhibits inertia when confined.
From these considerations, the following statement can be made:

Energy propagating at the speed of light exhibits rest mass (inertia) when it is confined to a
specific frame of reference.

Constraint on Higgs Mechanism: Imagine what it would be like if confined light (or confined
gravitational waves) exhibited a different amount of inertia than a particle of equal energy. It
would be possible to make a machine that violated the conservation of momentum. For
example, suppose that we have a closed system that is capable of converting energy between
photons and electron/positron pairs. If this closed system has a different amount of inertia
when energy is in the form of photons compared to when this same energy is in the form of
particles, then this would be a violation of the conservation of momentum.

The standard model of particle physics explains the inertia of a fundamental particle as
resulting from an interaction with the hypothetical Higgs field. This explanation says that a
muon interacts more strongly than an electron, therefore a muon has more inertia. However,
the Higgs mechanism does not have a precise requirement for exactly how much inertia a
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muon or an electron should possess. Now we learn that the inertia of an electron with 511 KeV
of internal energy must exactly match the inertia of 511 KeV of confined photons. Similarly, a
muon with internal energy of 106 MeV must exactly match the inertia of 106 MeV of confined
photons. Matching the inertia of a fundamental particle to the inertia of an equal amount of
energy propagating at the speed of light but confined to a specific volume adds an additional
constraint to any particle model. The particle model proposed later in this book perfectly
matches the required inertia constraint. The Higgs mechanism does not currently satisfy this
requirement.

de Broglie Waves: The similarity between confined light and particles does not end with the
confined light possessing rest mass, weight and kinetic energy when there is relative motion.
Next we will examine the similarity between the wave characteristics of confined light and the
de Broglie wave patterns of fundamental particles. For example, particles with mass m and
velocity v that pass through a double slit produce an interference pattern which can be
interpreted as having a de Broglie wavelength A;given by the equation:

Aa=h/p where Aq= de Broglie wavelength; A= Planck’s constant; p= momentum
1
Aa = h/ym,v where y= \/TZ/CZ m, = particle’s rest mass
va=E/h where vq= de Broglie frequency E = total energy
The de Broglie waves have a phase velocity wy = ¢?/v and a group velocity us = v. The phase

velocity wyis faster than the speed of light and the group velocity, u,, equals the velocity of the
particle, .
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FIGURE 1-1 Wave pattern present in a moving laser due to Doppler shifts on the
bi-directional light waves

There is a striking similarity between the de Broglie wave characteristics of a moving particle
and the wave characteristics of confined light in a moving laser. Figure 1-1 shows a moving
laser with mirrors A and B reflecting the light waves of a laser beam. Figure 1-1 is a composite
because the light wave depicts electric field strength in the Y axis while the mirrors are shown
in cross section. If the laser is stationary, the standing waves between the mirrors would have
maximum electric field amplitude that is uniform at any instant. However, the laser in Figure
1-1 is moving in the direction of the arrow shown at velocity v. From the perspective of a
“stationary” observer, light waves propagating in the direction of velocity vare Doppler shifted
up in frequency, and light waves moving in the opposite direction are shifted down in
frequency. When these electric field amplitudes are added, this produces the modulation
envelope on the Doppler shifted bidirectional light in the laser as perceived by a stationary
observer. This modulation envelope propagates in the direction of the translation direction
but the modulation envelope has a velocity (w,,) which is faster than the speed of light
(wm =c?/v) (calculated in appendix A). This is just an interference pattern and it can
propagate faster than the speed of light without violating the special relativity prohibition
against superluminal travel. No message can be sent faster than the speed of light on this

interference pattern. The modulation envelope has a wavelength 4,, where:

A
Am = %C An= modulation envelope wavelength; A, = wavelength of confined light

As seen in figure 1-1, one complete modulation envelope wavelength encompasses two nulls or
two lobes. It will be shown later that there is a 180 degree phase shift at each null, so to return
to the original phase requires two reversals (two lobes per wavelength).
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The similarity to de Broglie waves can be seen if we equate the energy of a single photon of
wavelength A, to the energy of a particle of equivalent mass m. This will assume the
non-relativistic approximation. Appendix A will address the more general relativistic case.

_ hc _ 2 . _ h
E = = mc equating photon energy to mass energy thereforem = —
Y 14
Ag = % A4 = de Broglie wavelength;
yl
Ag = - Am de Broglie wavelength A3 = modulation envelope wavelength 4.,

The modulation envelope not only has the correct wavelength, it also has the correct phase
velocity (wa = wm= ¢?/v). The “standing” optical waves also have a group velocity of v
Therefore these waves move with the velocity of the mirrors and appear to be standing relative
to the mirrors.

Outward propagating waves Inward propagating waves

2

———
Direction of motion Direction of motion
FIGURE 1-2 Doppler shift on FIGURE 1-3 Doppler shift on
outward propagating waves inward propagating waves

de Broglie Waves in Radial Propagation: It is easy to see how the optical equivalent of de
Broglie waves can form in the example above with propagation along the axis of translation.
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However, it is not as obvious what would happen if we translated the laser in a direction not
aligned with the laser axis. We will take this to the limit and examine what happens when the
waves propagate radially into a 360° plane that is parallel to the translation direction. To
understand what happens, we will first look at figure 1-2 that shows the Doppler shifted wave
pattern produced by waves propagating away from a point source in a moving frame of
reference. The source is moving from left to right as indicated by the arrow. Waves moving in
the direction of relative motion (to the right) are seen as shifted to a shorter wavelength and
waves moving opposite to the direction of travel are shifted to a longer wavelength. Figure 1-3
is similar to figure 1-2 except that only waves propagating towards the source are shown.

Modulation envelope
wavelength

_>

Direction of motion

Moving antinode

Moving node

FIGURE 1-4 Wave pattern produced when radially propagating
standing waves are observed in a moving frame of reference

Figure 1-4 shows what happens when we add together the outward and inward propagating
waves shown in figures 1-2 and 1-3. Also a cross-sectioned cylindrical reflector has been
added to figure 1-4. This reflector can be thought of as the reason that there are waves
propagating towards the center. The central lobe of figure 1-4 can be thought of as a line focus
that runs down the axis of the cylindrical reflector.
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The vertical dark bands in figure 1-4 correspond to the null regions in the modulation
envelope. These null regions can be seen in figure 1-1 as the periodic regions of minimum
amplitude. There is a 180° phase shift at the nulls. This can be seen by following a particular
fringe through the dark null region. If the wave is represented by a yellow color on one side of
the null, this same wave is a blue color on the other side of the null.  This color change
indicates that a 180° phase shift occurs at the null. In figure 1-1, the reason that the
wavelength of the modulation envelope A is defined as including two lobes is because of this
phase reversal that happens at every null. Therefore it takes two lobes to return to the original
phase and form one complete wavelength.

The main purpose of this figure is to illustrate that de Broglie waves with a plane wavefront
appear even in light that is propagating radially. This is a modulation envelope that is the
equivalent of a plane wave moving in the same direction as the relative motion, but moving at a
speed faster than the speed of light. Figure 1-4 represents an instant in a rapidly changing
wave pattern.

There has also been an artistic license taken in this figure to help illustrate the point. Normally
we would expect the electric field strength to be very large along the focal line at the center of
the cylindrical reflector and decrease radially. However, accurately showing this radial
amplitude variation would hide the wave pattern that is the purpose of this figure. Therefore
the radial amplitude dependence has been eliminated to permit the other wave patterns to be
shown. Another artistic license is the elimination of the Guoy effect at the line focus. The
central lobe of a cylindrical focus should be enlarged by % wavelength to accommodate the 90°
phase shift produced when electromagnetic radiation passes through a line focus. Ultimately
we will be transferring the concepts illustrated here to a different model that does not require
this slight enlargement.
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Light waves

Direction of motion

Modulation envelope
waves moving faster
than the speed of light

= 7

FIGURE 1-5 A three-dimensional representation of figure 1-4
where the Z axis is used to represent electric field

Figure 1-5 is a 3 dimensional representation of the wave pattern present in figure 1-4. In figure
1-5 the Z axis is used to represent the electric field. The cylindrical reflector has been removed
from the illustration to permit the waves to be seen. Also as before, the radial amplitude
dependence has been eliminated to permit the subtle modulation envelope to be seen. If figure
1-5 was set in motion, the concentric circular wave pattern would move as a unit. However,
superimposed on this is the moving envelope of waves that are moving through this wave
structure (waves on waves). This moving envelope of waves is moving faster than the speed of
light in the same direction as overall motion (w, = ¢Z/V).

The surprising part of figure 1-4 and 1-5 is that we obtain a linear modulation envelope
imposed on the radial propagating waves. It does not make any difference what the
propagation angle is, the equivalent of de Broglie waves are produced for all angles. The only
requirement is that the wave has bidirectional propagation. If later we are successful in
establishing a model of fundamental particles that exhibits bidirectional wave motion, that
model will also exhibit de Broglie waves.

Next we are going to talk about relativistic length contraction. For illustration, we will return to
figure 1-1. This figure shows the wave frozen in time and designates the distance that
approximately corresponds to the laser wavelength A Actually, this distance only precisely
equals the laser wavelength when there is no relative motion. In the example illustrated in
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figure 1-1, there is relative motion. The wave illustrated is the result of adding together a wave
that has been Doppler shifted up in frequency to a wave that has been Doppler shifted down in
frequency. The combination produces a peak to peak distance that is equal to the relativistic
contraction of the laser wavelength.

This is reasonable when you consider that there are a fixed number of standing waves between
the two mirrors. If the distance between the two mirrors undergoes a relativistic contraction,
the standing waves must also exhibit the same contraction to retain the fixed number of
standing waves. However, it is possible to reverse this reasoning. Rather than saying that the
standing waves must contract to fit between the relativistic contracted mirror separation, it is
possible to say that we might be getting a fundamental insight into the mechanics of how
nature accomplishes relativistic contraction of physical objects. If all fundamental particles and
forces of nature can ultimately be reduced to bidirectional waves in spacetime, then these
bidirectional waves, will automatically exhibit relativistic contraction and the mechanism of
relativistic contraction of even the nucleus of an atom would be conceptually understandable.

Similarly, the mechanism of relativistic time dilation would also become conceptually
understandable. If we were to time the oscillation frequency of individual waves in the laser of
figure 1-1, we would find that the oscillation frequency that results when we add these two
Doppler shifted waves together slows exactly as we would expect for the relativistic time
dilation of a moving object. Again this is traceable to the constant speed of light producing
different Doppler shifts on the components of the bidirectional light. The sum of these two
frequencies exhibits a net slowing that corresponds to relativistic time dilation.

Therefore the analysis in this chapter and appendix A shows that a confined photon in a
moving frame of reference has the following 8 similarities to a fundamental particle with the
same energy and same frame of reference:
1) The confined photon has the same inertia (rest mass): m = hw,/c?
2) The confined photon has the same kinetic energy: k. = % mv? = % (hw,/c?) v?
3) The confined photon has the same weight as the particle.
4) The confined photon (bidirectional propagation) has the same momentum.
5) The confined photon’s envelope wavelength A is the same as the particle’s de Broglie
wavelength: As = A4
6) The confined photon’s modulation envelope phase velocity is the same as the particle’s
de Broglie phase velocity: vs = w =c?/v
7) The photon’s group velocity is the same as the particle’s group velocity: vy = u
8) The confined photon has the same relativistic length contraction: 1,4 = 4,/y

It is hard to avoid the thought that perhaps a particle is actually a wave with components
exhibiting bidirectional propagation at the speed of light but somehow confined to a specific
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volume. This confinement produces standing waves that are simultaneously moving both
towards and away from a central region.

Do we have any truly fundamental particles? If I defined a fundamental particle by the ancient
Greek standard of indivisibility and incorruptibility, then there are none. An electron and a
positron can be turned into two photons (and vice versa). An isolated neutron (2 down quarks
and 1 up quark) will decay into a proton (2 up quarks and 1 down quark) plus an electron and
an antineutrino. In fact, all 12 “fundamental” fermions of the standard model can be converted
into other fermions and into photons. The simplest explanation for this easy conversion
between “fundamental” particles is that there is a wave structure to these fermions. The truly
fundamental building block of all fermions is the underlying wave in spacetime that allows
these easy transformations. It is on the level of this truly fundamental building block that
there is a similarity between confined light and particles. This thought process will be
continued in chapter 4.

Note:
Chapters 2 and 3 lay groundwork that prepares the reader to understand the proposed model.

Development of the spacetime based model of particles and forces starts in earnest in chapter
4

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 1-12



8

§

Appendix A
Examination of the Similarities
Between Confined Light and a Particle
Chris Ray

Confined Light

This appendix will investigate a photon confined in per-
fectly reflecting resonator. It will be shown that such a con-
fined photon exhibits many particle-like properties including
rest mass, relativistic contraction and a moving wave pattern
that is similar to de Broglie waves.

We will begin by examining a standing wave in a res-
onator as viewed from a frame of reference in which the res-
onator is moving.

First View: Counter Propagating Waves

A 1-D standing wave can be modeled as a superposition
of right and left moving plane waves.
’l// — e’i(komfwot) 4 e’i(*k‘omfu)ot)

where ko = wp/c.

In the frame of reference where the resonator is at rest
there are standing waves in the resonator set up by the
counter propagating waves.

w — e’i(k‘om—wot) + ei(—k‘om—wot)
_ (eikga: + efikoa:)efiwot
= 2cos(koz)e et

In the frame of reference where the resonator is moving
to the right with velocity v, we have counter propagating
waves with different frequencies, because the waves have been
doppler shifted: wg = v(1+8)wo and wy, = ¥(1—)wg, where
B=wv/cand v =1/4/1 — 2. The wave then is given by

w — ei(k‘erth) + ei(kszth)

where k;, = —wy/c and kr = wg/c.
Define wy and w_ as follows

wi = %(WR +wr)
= %(7(1 + ﬁ)wo + ’7(1 - ﬁ)wO)

= YWo
w- = 3(wr —wr)
= 3(vy(1 + B)wo — v(1 — B)wo)
= ¥Bwo
Now define k4 and k_ in a similar way.
1 w_ wo
ke =1k k) = — — = — =v08—
+=glkrtke) =g (wr—wr) == =70~
1 w w
ko =L(kgp—ky)=— =2
alkr — ki) = o (wr+wr) = —— =7
Note that
kL:k_‘_*k_ AND Wr, = Wy — W-
kr=Fky+k_ WR = W4 + w_
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Now we can write the wave as
’l/} — e’i(kLivwat) 4 ei(k[{,l’wat)

— pilUep =k )a—(wi—w)0) 4 il +h)a—(w+w-)t)

— |:677L(k, z—w_ t) _|_€i(k, T—w_ t) ei(l@rzfu,urt)

=2cos(k_ x —w_ t)ei(k+w—w+t)
The imaginary part of this is graphed below (in red) for
8 =0.085at t =0.
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This is a product of two traveling waves. We can com-
pute wavelengths and velocities of these two parts.

S i
YT ke w_Je B w
w_ w_
TR T w+/c_ﬁc_v
2w 2me Ao
)\+ = — = = —
ki yBwo B
A= _2me _ N
k- qwo v
where \g = 2%00 is the wavelength in the rest frame of the
resonator.

“won

First let us consider the part of the wave. First we
note that this part of the wave moves with the velocity of
the resonator. Second we see that the wavelength has shrunk
by a factor of « relative to the wavelength in the rest frame.
Thus the same number of wavelengths will fit in the similarly
length-contracted resonator. Thus the cos() standing wave
pattern has shrunk to fit the moving resonator and moves
with the resonator.

Now consider the “4” part of the wave. This part of
the wave moves with a velocity ¢/v. Which is the same as
the phase velocity of a de Broglie plane wave for a massive

particle: 1y = e®*/he—iEt/h
E/h  E  ~yme® 2
— Uphase — —— — — = _ -
phase p/h » i »

We can also see that the wavelength for the de Broglie plane
wave: \g = % = E%Z;ECQ = 2;3’;6 = 72};'266 is also the same, if
we assume that there is a single photon in the resonator and
thus that the energy in the rest frame is Ey = hwyp. Since
2r  2mc  2mhe

ki  Pwo  vBEy

Thus we see that the “+” part of the resonator wave has the
wavelength and phase velocity of a de Broglie plane wave of

)\+:
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a massive particle with a rest energy equal to the energy of
the photon in the resonator.

General From

In the rest frame of a general standing wave the ampli-
tude of the wave is given by
Wy, 2 ) = fa e
Where it is understood that the physical wave is the real part
of the complex wave . Note that the amplitude function f()
is a real valued function.
We will assume that the energy of this wave is

EO = hwo.
We will also consider this energy in the rest frame of the

wave, divided by ¢2, to be the mass of the system:
_Eo  hwo

c? 2’
Since the wave is a standing wave the total momentum is
zero: po = 0.

In a General Frame

We want to know what the standing wave will look like
in a frame in which the rest frame of the standing wave is
moving in the positive = direction, with a velocity v. We can
find this, if we assuming that the amplitude of the wave at
a given space time point is the same in each frame, so that

/l/}(x7 y’ Z7 t) = /ll[},(x/’ y/’ 2/7 t/)
with 2’ and ¢’ related to z and ¢ via the following Lorentz
transformation, while ¢y’ = y and 2’ = 2.

=1 )=l
So that

V(@ y,2,1) =¢'(a,y, 2, 1)
=" (y(a—Bct), y, 2z, v(ct—px)/c )
= f((w = Bet),y, z)e o (ct=on/e
= f((w = i), y, z)e" 0P/ cemieont
= f(y(x = vt),y, z)e' =)
In the last line we used the following definition.
w = Ywo
k=vBwo/c

As was the case with the counter propagating plane waves,
the wave function in the general frame is manifestly in the
form of a plane wave (e'(**=«)) with wavelength and veloc-
ity of a de Broglie wave, modulated with an standing wave
pattern (f) that moves in the positive = direction with ve-
locity v. In addition the characteristic length of the standing
wave pattern has been length contracted in the x direction by
the factor v compared with the length in the rest frame. For
examples suppose that there are two features in the standing
wave, one at the position ' = a and the other at the position
2’ = b. The distance between these features is L = b—a. The
features could for example be two null points in the standing
wave. These two features will also exist in the general frame,

........................................... Appendix A - 2

though they are moving. Let z, and x; the location of these
features, then we know that

Y(xg —vt) =a
Y(xp —vt) =b
Solving these two equations for x, — z, we find that
b— L
L'=x,—x,= =
Y Y

So the distance between the features has been contracted by
a factor ~.

We also see, as in the case of counter propagating waves,
that one part of the wave moves with the velocity v and the

other moves with the velocity

w Ywo c

k yBwo/c B

Energy and Momentum

We can also find the energy and momentum in the new
frame, using the relativistic transformation of energy and
momentum.

{E]:'v V3] 'E’}
pe B v | [P
_[r 8] _Eo}
178 v | [poc
_ [ 8] _hwo]
8 v L0
_ [ Ahwo }
B _’Yﬁhwo
[ hw
- _hkc}

We see that the frequency and wavenumber of the plane wave
part of the wave are proportional to the energy and momen-
tum of the wave.

F =hw

and
p=nhk

in accordance with de Broglie waves.

Using the definition m = hwg/c?, we consider the mass
of the light in our resonator to be equal to the energy in the
rest frame divided by ¢2. Thus we can rewrite the above as.

E = ymc?

and
p = ymv
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Chapter 2

Definitions and Concepts from General Relativity

The primary purpose of this book is to show how it is possible for the fundamental particles
and the forces of nature to be conceptually explained using only 4 dimensional spacetime. This
is nothing less than a new model of the universe. Presentation of this model would be an
impossibly large task for a single person if every aspect of the model needs to be analyzed with
the detail that might be expected from a technical paper covering a specific aspect of a mature
subject. Therefore, the concepts will be introduced using simple equations that involve
approximations and ignore dimensionless constants such as 2m or %. These simplifications
permit the key concepts of this very large subject to be explained. Later, others can analyze
and expand upon this large subject in more detail.

We will start by looking at the gravitational effects on spacetime in the limiting case of weak
gravity. Much of the analysis to follow in subsequent chapters will deal with the gravity
exhibited by a single fundamental particle such as an electron or a quark. Working with single
particles or the interaction between two fundamental particles allows the proposed structure
of such particles to be connected to the forces that are exhibited by these particles. Atthe same
time, the extremely weak fields permit simplifications in the analysis.

In the following discussion, a distinction will be made between the words “length” and
“distance”. Normally, these words are similar, but we will make the following distinction.
Length is a spatial measurement standard. This is not just a standardized size such as a meter
or inch, but it also can include a qualification such as proper length or coordinate length. A unit
of length can be defined either by a ruler or by the speed of light and a time interval. The
concept of distance as used here is best illustrated by the phrase “the distance between two
points”. A distance can be quantified as a specific number of length units.

This chapter starts off with a discussion of the Schwarzschild solution to the Einstein field
equation and physical examples of the effect of gravity on spacetime. This will seem
elementary to many scientists, but new terminology and physical interpretations are
introduced. Understanding this terminology and perspective is a requirement for subsequent
chapters.

Schwarzschild Solution of the Field Equation: Einstein’s field equation has an exact solution

for the simplified case of a static, nonrotating and uncharged spherically symmetric mass
distribution in an empty universe. This mass distribution with total mass m is located at the
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origin of a spherical coordinate system. The standard (nonisotropic) Schwarzschild solution
in this case takes the form:

ds? = 2dr? = (1/12)c2de -T2dR? - R2dS»
1
[' =dt/dr = — (explained below)

2Gm
1_((:2R)

dS = cdr= the invariant quantity for an interval of spacetime

R = circumferential radius (circumference/2m) [explained below]

2= asolid angle in a spherical coordinate system (df?? = d6? + sin?6 d®?)

c = the speed of light constant of nature

t= coordinate time (time infinitely far from the mass - effectively zero gravity)
7= proper time - time interval on a local clock in gravity

The invariant quantity dS'is the proper length of a one dimensional line segment. (dS$ = cd7).
This is actually an abstract concept that is defined by the equation but does not have a clear
physical interpretation.

Circumferential radius: Gravity warps the space around mass, so that the space around the
test mass has a non-Euclidian geometry. The circumference of a circle around the mass does
not equal 2m times the radial distance to the center of mass. To accommodate this warped
space, the Schwarzschild equation uses a special definition of distance to specify the coordinate
distance in the radial direction. Names like “R-coordinate” and “reduced circumference” are
sometimes used to describe this radial coordinate that cannot be measured with a meter stick
or a pulse of light. The name that will be used here is “circumferential radius” and designated
with the symbol R This is a distance that is calculated by measuring the circumference of a
circle that surrounds a mass, and then dividing this circumference by 27 If we measure the
radius using a hypothetical meter stick or tape measure, then the “proper” radial distance will
be designated by . We can see from the Schwarzschild metric that if we set dt = 0,
dS= cdr= drand df2= 0 then:

dr=T dR

Gravitational Gamma I': The metric has been written in terms of the quantity I' which this
book will refer to as the “gravitational gamma I' ” The basic definition of T is:

1 1 1
I =dt/dr= =

[ )

where I' = gravitational gamma and ¢ = - Gm/R gravitational potential
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[' = dt/dr in the static case when dR = 0and df? = 0.
Zoois a metric coefficient commonly used in general relativity

The symbol of upper case gamma I' was chosen because this equation can also be written as
follows:

1 2Gm .
['= ———= where V. = [—— = escape velocity

V3 R
v

The similarity between I' and y of special relativity is obvious since: y =

1
V2
1-(2)
This analogy between the escape velocity in general relativity and the relative velocity in
special relativity extends further in the weak gravity approximation. The time dilation due to

gravity approximately equals the time dilation due to relative motion when the relative motion
is equal to the gravitational escape velocity (weak gravity).

The Schwarzschild universe with only one mass has effectively “zero gravity” at any location
infinitely far from the mass. At such a location I' =1. The opposite extreme of the maximum
possible value of I is the event horizon of a black hole where I' = co. If the earth was in an
empty universe, then the surface of the earth would have a gravitational gamma of:
['~1+4+7x1010 Itis important to remember that I' is always larger than 1 when gravity is
present.

A stationary clock infinitely far away from the mass in Schwarzschild’s universe is designated
the “coordinate clock” with a rate of time designated dt In the same stationary frame of
reference, the local rate of time in gravity (near the mass) is designated dz. The relationship is:
[ =dt/dr

There is a useful approximation of I that is valid for weak gravity.
Gm . . .
=1+ 2R weak gravity approximation of I

Gravitational Magnitude f: The gravitational gamma I' has a range of possible values that
extends from 1 to infinity. There is another related concept where the strength of the
gravitational effect on spacetime ranges from 0 to 1 where 0 is a location in zero gravity and 1
is the event horizon of a black hole. This dimensionless number will be called the “gravitational
magnitude £’ and is defined as:

2G 1
B=1 —% =1- ’1 - CZZL =1-7 [ = gravitational magnitude
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In weak gravity the following approximation is accurate:

tm
)it ~ 2 and T'~1+p weak gravity approximations

For example, the earth’s gravity, in the absence of any other gravity is f ~ 7 x 10-1%. The sun’s
surface has f ~ 2 x 10 and the surface of a hypothetical neutron star with escape velocity
equal to half the speed of light would have f ~0.13.

In common usage, the strength of a gravitational field is normally associated with the
acceleration of gravity. However, the acceleration of gravity depends on the gradient of
gravitational potential. In contrast, the gravitational magnitude £ and the gravitational gamma
[' are measurements of the effect of gravity on time and distance without regard for the
gravitational gradient. For example, there is an elevation in Neptune’'s atmosphere where
Neptune has approximately the same gravitational acceleration as the earth. However, Neptune
has roughly 16 times the earth’s mass and roughly 4 times the earth’s radius. This means that
Neptune’s gravitational magnitude £ is roughly 4 times larger than earth’s at locations where
the gravitational acceleration is about the same.

The gravitational magnitude approximation f =~ Gm/c?r will be used frequently with weak
gravity. For example, this approximation is accurate to better than one part in 103¢ for
examples that will be presented later involving the gravity of a single fundamental particle at
an important radial distance. Therefore, this approximation will be considered exact when
dealing with fundamental particles. Note that this approximation includes the substitution of
proper radial distance r for the circumferential radius R. (r ~ R). Using the approximation
F =~ Gm/c’r we also obtain the following equalities for fin weak gravity:

- R
zc—z(p zTS @ =-Gm/R and Rs; = Gm/c? = classical Schwarzschild radius
dt—drt . . . .
L= o the rate of time approximation for weak gravity

All of these approximations will be considered exact when dealing with the extremely weak
gravity of single fundamental particles in subsequent chapters.

Zero Gravity: Schwarzschild assumed an empty universe with only a single mass. Such a
universe approaches zero gravity as the distance from the mass approaches infinity. However,
is there anywhere in our observable universe that can truly be designated as a zero gravity
location? There are vast volumes with virtually no gravitational acceleration compared to the
cosmic microwave background. However, this is not the same as saying that these volumes
have a gravitational gamma of I' =1 (a hypothetical empty universe). Everywhere in the real
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universe there is gravitational influence from all the mass/energy in the observable universe.
Later, in the chapters on cosmology, an attempt is made to estimate the background
(omni-directional) gravitational gamma of our observable universe compared to a hypothetical
empty universe. While the presence of a uniform background I' for the universe has
implications for cosmology, we can only measure differences in I'. There is ample evidence that
general relativity works well by simply ignoring the uniform background I' of the universe.
Effectively we are assigning I' = 1 to the background gravitational gamma of the universe and
proportionally scaling from this assumption.

Therefore, a distant location which we designate as having = 0 or I' = 1 will be referred to as
a “zero gravity location” or simply “zero gravity”. The term “zero gravity” in common usage
usually implies the absence of gravitational acceleration as might be experienced in free fall.
However, in this book “zero gravity” literally means that we are using the Schwarzschild model
of a distant location which has been assigned coordinate values of f=0and ' = 1. The rate of
time at this coordinate location will be designated dt and called “coordinate rate of time”. A
clock at this location will be designated as the “coordinate clock”.

Gravitational Effect on the Rate of Time: The equation dt =T dr is perhaps the most
important and easiest to interpret result of the Schwarzschild equation. It says that the rate of
time depends on the gravitational gamma I'. This equation has been proven correct by
numerous experiments. Today the atomic clocks in GPS satellites are routinely calibrated to
account for the different rate of time between the lower gamma at the GPS satellite elevation
and the higher gamma at the Earth’s surface. Without accounting for this gravitational
relativistic effect, the GPS network would accumulate errors and cease to function accurately
after about one day. (There is also time dilation caused by the relative motion of the satellite.
This is a much smaller correction than the gravitational effect and in the opposite direction.)

The difference in the rate of time with respect to radial distance in gravity will be called the
“gravitational rate of time gradient”. The gravitational rate of time gradient is not a tidal effect.
An accelerating frame of reference has no tidal effects, yet it exhibits a rate of time gradient.
Our objective is to provide an equation that relates the acceleration of gravity “g”to the rate of
time gradient and utilizes proper length in the expression of the rate of time gradient. For
example, inside a closed room it is possible to measure the gravitational acceleration. If we
cannot measure any tidal effects, there is no information about the mass and distance of the
object producing the gravity. Is it possible to determine the local rate of time gradient

(expressed using proper length and proper time) from just the gravitational acceleration?

It has been shown! that a uniform gravitational field with proper acceleration g (measured
locally), has the following relationship between redshift and gravitational acceleration:

! Edward A. Desloge, “The Gravitational Redshift in a Uniform Field” Am. J. Phys. 58 (9), 856-858 (1990)
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u/v,=1-g//c? where:

U, = frequency as measured at the source location with rate of time dz,

v =frequency as measured at the detector location with rate of time dr

/ =vertical distance using proper length between the source and detector
g =acceleration of gravity

Reference [1] shows that this equation is exact if the following qualifications are placed on the
above definitions. These qualifications are: 1) the source location (subscript 0) should be at a
lower elevation than the detector location. 2) the separation distance # should be the proper
length as measured by a time of flight measurement (radar length) measured from the source
location. A slightly different radar length would be obtained if this distance was measured
from the detector elevation or measured with a ruler. However, in the limit of a gradient
(infinitely small /), this discrepancy disappears. Therefore with these qualifications:

U/Uo =1 -g//c? is exact. It should be noted that the height difference / is a proper distance
(radar length measured from the source) and not circumferential radius.

As will be show in the next chapter, the gravitational redshift is really caused by a difference in
the rate of time at different elevations. There is no accumulation of wavelengths, so v, = 1/dt,
and v=1/dr. After making these substitutions, this equation becomes:

g=c dt—-dt,
dr dh

This is also an exact equation if the above qualifications are observed. Here the ratio
(dt - dt,)/drd/ will be referred to as the gradient in the rate of time. There are two points to
be noticed. First, the gradient in the rate if time is able to be determined from the acceleration
of gravity with no knowledge about the mass or distance of the body producing the gravity. For
example, a gravitational acceleration of g=1 m/s? is produced by a rate of time gradient of
1.113 x 10-17 seconds/second per meter. The earth’s gravitational acceleration of 9.8 m/s? near
the earth’s surface is caused by a rate of time gradient of about 10-1¢ seconds/second per meter
of elevation difference in the earth’s gravity. The most accurate atomic clocks using a laser
cooled single atom of mercury or aluminum currently have an accuracy of roughly 1 part in
106, An atomic clock with this accuracy has a resolution comparable to one meter elevation
change in the earth’s gravity.

The second important point is that the rate of time gradient is a function of proper length in the
radial direction. Even though dt/dt is a function of circumferential radius, the relationship
between rate of time gradient and gravitational acceleration is not a function of circumferential
radius. This fact will become important in the next chapter when we examine how nature
keeps the laws of physics constant when there is an elevation change. The connection between
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gravitational acceleration and rate of time gradient will also be an important consideration
when we examine the cosmological model of the universe (chapters 13 & 14).

Previously, we defined the concept of “gravitational magnitude £’ as: f= 1 - dr/dt It is also
possible to relate the acceleration of gravity to the gradient in the gravitational magnitude.

(%)

Inertial Frame of Reference: The concept that gravity can be simulated by an accelerating
frame of reference sometimes leads to the erroneous interpretation that an inertial frame of
reference eliminates all effects of gravity. Being in free fall eliminates the acceleration of
gravity, but the gravitational effect on the rate of time and the spatial effects of the gravitational
field remain. Another way of saying this is that the effects of the gravitational gamma I' on
spacetime are still present, even if a mass is in an inertial frame of reference. A clock in free fall
still experiences the local gravitational time dilation.

A rigorous analysis from general relativity confirms this point, but two examples will be given
to also illustrate the concept. Suppose that there was a hollow cavity at the center of the earth.
A clock in this cavity would experience no gravitational acceleration and would be in an inertial
frame of reference. The gravitational magnitude £ in this cavity is about 50% larger than the
gravitational magnitude on the surface of the earth (~10.5 x 10-1° compared to 7 x 10-19). For
example, ignoring air friction, the escape velocity starting from this cavity is higher than
starting from the surface of the earth. The clock in the cavity has a slower rate of time than a
clock on the surface. The inertial frame of reference does not eliminate the other gravitational
effects on the rate of time and the gravitational effect on volume.

A second example is interesting and illustrates a slightly different point. The Andromeda
galaxy is 2.5 million light years (~2.4 x 1022 m) away from Earth and has an estimated mass of
about 2.4 x 1042 kg (including dark matter). The gravitational acceleration exerted by this
galaxy at the distance of the Earth is only about 2.8 x 1013 m/s2. To put this minute
acceleration in perspective, a 10,000 kg spacecraft would accelerate at about this rate from the
“thrust” of the light leaving a 1 watt flashlight. In spite of the minute gravitational acceleration,
the distant presence of Andromeda slows down the rate of time on the surface of the earth
about 100 times more than the Earth’s own gravity. This is possible because the gravitational
magnitude (f= Gm/c?r for weak gravity) decreases at a rate of 1/r while the gravitational
acceleration decreases with 1/72. At the earth’s surface, Andromeda’s gravitational magnitude
is about:

L~ Gm/c’r=(G/c?)(2.4x 1042 kg/2.4x10%2m) =~ 7x 10-® Andromeda’s fat earth
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Since the earth’s gravity produces f~ 7 x 10-19 at the surface, Andromeda’s effect on the rate of
time at the earth’s surface is about 100 times greater than the effect of the earth’s gravity. It
does not matter whether a clock is in free fall relative to Andromeda or whether the clock is
stationary relative to Andromeda and experiences the minute gravitational acceleration. In
both cases the gravitational effect on time and volume exist. This example also hints that
mass/energy in other parts of the universe can have a substantial cumulative effect on our local
rate of time and our local volume. This concept will be developed later in the chapters dealing
with cosmology.

Schwarzschild Coordinate System: The standard Schwarzschild solution uses coordinates
that simplify gravitational calculations. This spherical coordinate system uses circumferential
radius R as coordinate length in the radial direction and uses circumferential radius times an
angle (2 for the tangential direction. While there is no distinction in proper length for the radial
and tangential directions, we will temporarily make a distinction by designating proper length
in the radial direction as Lz and designating proper length in the tangential direction as Lz
This distinction does not exist in reality since: cdt =dL = dLr = dLr. However, using these
designations, the relationship between proper length and Schwarzschild’s coordinate length is:

dLgr =T dR radial length Lz conversion to Schwarzschild radial coordinate R
dLr=Rdf? tangential length Lrto Schwarzschild tangential coordinate length

The equation dLz = I'dR is obtained by setting d¢t = 0. If we are using the proper distance
between two points as measured by a ruler, or the calculated circumferential radius, then this
zero time assumption is justified.

Next we will calculate the coordinate speed of light €for the radial and tangential directions by
starting with the standard Schwarzschild metric:

ds?= (1/T2)c2dt? -T2dR? - R2d(2? for light set ds? =0,
(1/T2) ¢ dt? = T2dR? + R2d(P

dR? R2%dn?
Z=T* +T2
dt? dt?

If we separate this coordinate speed of light into its radial component (&) and its tangential
component (&), we obtain:

Cr =dR/dt = c/T? Cr = coordinate speed of light in the radial direction (df2 = 0)
Cr=Rd/dt =c/T Cr= coordinate speed of light in the tangential direction (dR = 0)
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This apparent difference in the coordinate speed of light for the radial and tangential directions
is not expressing a physically measurable difference in the proper speed of light. The
difference follows from the standard (nonisotropic form) of the Schwarzschild metric. If we
choose the isotropic form of the Schwarzschild metric the difference will disappear and
Cr = Cr ~ ¢/T2. However, the isotropic form has its own set of complexities, so we will be using
the standard Schwarzschild metric.

200 — —
i // L
/
60~  SUPERIOR CONJUNCTION
25 JAN 1970 HAYSTACK §

ARECIBO

120

"EXCESS" DELAY (usec)

TIME (days)

FIGURE 2-1 This is Irwin Shapiro’s figure showing the relativistic time delay caused
by the sun’s gravity on the round trip time for radar to travel from the earth to Venus
and back. The x axis is time in days before and after superior conjunction of Venus
passing behind the sun.

The Shapiro Experiment:. Next, we are going to switch to a discussion about the gravitational
effect on proper length, proper volume and the coordinate speed of light. In 1964, Irwin
Shapiro proposed an experiment to measure the relativistic distortion of spacetime caused by
the Sun’s gravity. This non-Newtonian time delay is obtained from the Schwarzschild solution
to Einstein’s field equation. The Sun is a good approximation of an isolated mass addressed by
the Schwarzschild solution. The implication is that gravity affects spacetime so that it takes
more time for light to make the round trip between two points in space when the mass
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(gravity) is present than when the mass (gravity) is absent. Shapiro and his colleagues used
radar to track the planet Venus for about two years as Venus and the Earth orbited the Sun.
During this time, Venus passed behind the Sun as seen from the Earth (nearly superior
conjunction). The orbits of Venus and the Earth are known accurately, so it was possible to
measure the additional time delay in the round trip time from the earth to Venus and back. The
effect of the sun’s gravity on this round trip time could be calculated from multiple
measurements made over the two year time period. Figure 2-1 shows Shapiro’s graph of the
excess time delay over the two year period. The peak delay at superior conjunction was 190 us
on a half hour round trip transit time.

Variations of this experiment have been repeated numerous times in the normal course of the
space program. Spacecraft on their way to the outer planets often start with an orbital path
that at some point results in nearly superior conjunction relative to the Earth. The most
accurate measurement to date was with the Cassini spacecraft. It was equipped with
transponders at two different radar frequencies, therefore it was possible to determine and
remove the effect of the Sun’s corona on the time delay. The result was an agreement with the
time delay predicted by general relativity accurate to 1 part in 50,000. With this type of
agreement, it would seem as if there are no remaining mysteries about this effect and the
physical interpretation should be obvious.

How exactly do length, time and the speed of light combine to produce the observed time delay
in the Shapiro effect? For simplicity, we would like to look at the time delay associated with a
radar beam traveling only in the radial direction. In the limit, we can imagine reflecting a radar
beam off the surface of the Sun. This path would be purely radial. To make a measurement we
need to have a round trip, but for simplicity of discussion, we will talk about the time delay for
a one way trip. For light d$ = 0, so the metric equation gives us that for light moving in the
radial direction:

(%) cdt=TdR — dt = (Fz) dR

C

We can compute the time 4¢ it takes to move between two different radii: r; and rz (where
r2>r7).

cAt=[cdt = f:lz r?dr
() e )-
cAt—( p )ln (r1 + o In rZ weak gravity: In rZ ~ 0

ac= (57 n ()
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Substituting the Sun’s mass, radius and distance gives 4¢ &~ 50 ps. Therefore, in addition to a
non-relativistic time delay (about 8 minutes), the one way relativistic time delay would be
about an additional 50 ps. The 190 ps delay observed by Shapiro is roughly 4 times the one
way 50 ps delay from the earth to the sun because of the additional leg to Venus and then the
round trip doubling of the time.

Normally, on Earth we would interpret a 50 ps delay in a radar beam as indicating an
additional distance of about 15 km. How much does the sun’s gravity distort space and
increase the radial distance between the earth and the sun’s surface compared to the distance
that would exist if we had Euclidian flat space? The additional non Euclidian path length will be
designated (4L). Starting from: dLzx =T dR

AL=["’T dR

Gm T
AL~ (C—z) In (r_) setr>=1.5x101m, r;=7x 108 mand m=2x 1030 kg
1
AL = 7.5 km non-Euclidian additional proper distance between the Earth and Sun

Suppose that it was possible to stretch a tape measure from the earth to the surface of the sun.
The distance measured by the tape measure (proper distance) would be about 7.5 km greater
than a distance obtained from an assumption of flat space and a Euclidian geometry calculation.
The use of a tape measure means that we are using proper length as a standard.

Gravity Increases Volume: If we use proper length as our standard of length rather than
circumferential radius, then we must adopt the perspective that gravity increases the volume of
the universe. However, an interpretation based on proper volume is often ignored since the
use of circumferential radius as coordinate length eliminates this volume change caused by
gravity.

In the Shapiro experiment, we calculated that there was a non-Euclidian increase in distance
between the earth and the sun of 7.5 km. Suppose that we imagine a spherical shell with a
radius equal to the average radius of the earth’s orbit. This is a radial distance equal to one
astronomical unit (AU = 1.5 x 10! m). The sun’s mass is = 2 x 103° kg and the sun’s
Schwarzschild radius is rs= 2950 meters. What is the change in volume (4V) inside this
spherical shell if we compare the Euclidian volume of the shell (V) and the non-Euclidian
volume of the shell (V) when the Sun is at the center of the shell?

V=[dV =[4nR?T dR
After integration, the difference 4V = V-V, is approximately:

AV =~ (5m/3)rs(r -r?) setr:=15x10"1m, r;=7x 108 m and r- = 2950 meters
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AV ~3.46 x 1026 m3 non Euclidian volume increase

To put this non Euclidian volume increase in perspective, the sun’s gravity has increased the
proper volume within a radius of 1 AU by about 3.5 x 1026 m3 which is more than 300,000 times
larger than the volume of the earth (earth’s volume is = 1.08 x 1021 m3). Stated another way,
the volume increase is about 20% smaller than the volume obtained by multiplying the
non-Euclidian radial length increase (~ 7,500 m) times the surface area of the spherical shell
with a radius of 1 AU. Obviously this non Euclidian volume increase would be much larger if
we had chosen a larger shell radius (for example, the size of the observable universe). The
implications of this will be explored in the chapters on cosmology.

Concentric Shells Thought Experiment: The concept that gravity increases the volume of the
universe is important enough that another example will be given. Suppose that there are two
concentric spherical shells around an origin point in space. The inside spherical shell is
44x10°m in circumference (about the circumference of the Sun). The outside shell is 2m
meters larger circumference. With no mass at the origin and infinitely thin shells, this means
that there is exactly a 1 meter gap between the shells. We could confirm the 1 meter spacing
with a meter stick or a pulse of light and a clock.

Next we introduce the Sun's mass at the origin. This introduces gravity into the volume
between the two shells with an average value of about I' * 1 + 2 x 10-%. The circumference of
each shell (proper length) does not change after we introduce gravity. However, the distance
between the two shells would now be about 1 + 2 x 10-¢ meters. This is 2 microns larger than
the zero gravity distance. This 2 micron increase in separation increases the proper volume
between the two shells by roughly 1013 m3.

In this example of two concentric shells we accepted the proper length of the circumference of
the shells (tangential proper length). The question is whether there was also a decrease of this
tangential length (relative to a “flat” coordinate system) when the sun’s mass was introduced at
the origin. It is possible to consider both radial and tangential directions affected equally. This
results in gravity producing an even larger increase in proper volume than previously
calculated. This will be discussed further in the chapters on cosmology.

Connection Between the Rate of Time and Volume: We are going to compute the effect of
the gravitational gamma I" on proper volume using the standard Schwarzschild metric. The use
of this metric means that the standard Schwarzschild conditions apply: a static nonrotating and
uncharged spherically symmetric mass distribution in an empty universe. This calculation
involves terminology from general relativity that is not explained here. Readers unfamiliar
with general relativity should skip the shaded calculation section below and move on to the
conclusion.
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If we know metric equations, we can compute the 3-dimensional volume and the 4-dimensional
volume (includes time). The easiest way to do it is to use the following diagonal metric:

dS? = - goo(dx?)? + g11(dx1)? + gz2(dx?2)? + gss(dx3)?
Then the 3-dimensional volume dV(3) is:

dW(3) = (811 g2z g33)/?dx'dx?dx’

And for 4-dimensional volume dV(4)

dW(4) = (- 8oo - 811 " 822 - 33)?dx?dx' dx?dx?

In the particular case of the standard Schwarzschild metric:
goo=-1/17%; g1 =T?; g22=R? g33 = R’sin°0

The differentials of 4 dimensional coordinates in this case are:
(dx°) = cdt; (dx') =dR; (dx?)=dO; (dx’)=d® So:

d(3) = (I? - R? - R?sin’0)Y/?dR - d6 - d®
dW(3) =T R2sinf dR d6 d® note that volume (3) scales with T

N4)=(-(-1/12) -T%-R2-R2sin’0)/? - cdt - dR- dO - d®
dW(4) = RécsinfdtdRdOd D note that this is independent of T

The above calculation shows that proper volume (3 spatial dimensions) scales with the
gravitational gamma I'. This supports the previous examples involving the volume increase
interpretation of the Shapiro experiment and also the volume increase that occurs in the
thought experiment with two concentric shells. When we include the time dimension and
calculate the effect of the gravity generated by a single mass on the surrounding spacetime, we
obtain the answer that the 4 dimensional spacetime volume is independent of gravitational
gamma I'. The radial dimension increases (I' = dLg/dR) and the temporal dimension decreases
(T = dt/d7). These offset each other resulting in the 4 dimensional volume remaining constant.

dt dL
There is a simpler way of expressing this concept. SinceI' = (E) = (d—;) therefore:

drdLg= dtdR

This concept will be developed further when we develop particles out of 4 dimensional
spacetime and it also has application to cosmology.
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Chapter 3

Gravitational Transformations of the Units of Physics

Covariance of the Laws of Physics: From the event horizon of a black hole to the most
isolated volume in the universe, there are big differences in the rates of time throughout the
universe. How do the laws of physics remain the same when the rate of time is different
between locations? Why does a rate of time gradient also not affect the laws of physics? Itis an
oversimplification to imagine that changing the rate of time is similar to running a movie in
slow motion while keeping the laws of physics unchanged.

We are going to be looking at how nature maintains the laws of physics when the rate of time
changes with gravitational gamma. This is not just an academic question. Gravity produces a
rate of time gradient and a gradient in the coordinate speed of light. Therefore, even in earth’s
gravity, the simple act of lifting an object to a different elevation means that the object is moved
to a location where there is a different rate of time and a different coordinate speed of light.
Acknowledging that there are changes in the rate of time leads to surprising new physical
insights.

When the rate of time is different between two locations, but the laws of physics are the same,
there must also be other changes in the units of physics to offset the difference in the rate of
time. For example, momentum scales proportional to /¢ force scales proportional to 1/£,
power scales proportional to 7/# and the fine structure constant is independent of time (Z/¢9).
This is time raised to four different powers, yet the laws of physics are constant even with this
difference in time dependence. What additional changes are required to offset the change in
the rate of time and preserve the laws of physics unchanged in different gravitational
potentials?

If there is a coordinate rate of time in a zero gravity location that is different from the rate of
time in a location with gravity, and if the coordinate speed of light is different in the two
locations, shouldn’t there also be a difference in at least some of the other units of physics? For
example, is one Joule of energy or one Newton of force also different in the zero gravity location
compared to the gravity location? To make a meaningful comparison of the units of physics
between locations with different gravitational potentials, it would be necessary to use a single
rate of time. This point is easy to see. The more difficult question is: How do we treat length in
this exercise?

It is impossible to directly compare length between two locations with a different gravitational

potential. Also vectors are ambiguous when compared between locations with different
gravitational potential. For example, the direction of a vector can be different depending on
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the path chosen to transport a vector between two locations with different gravitational
potentials. Therefore adopting the locally measured proper length as a standard of length for
that location eliminates ambiguity, but is it the length standard we are seeking?

To be clear, this exercise is not interested in calculating the general relativistic effects on space
and time. We will obtain this information from standard general relativity calculations. We
will presume that we already know the gravitational gamma (T' = dt¢/d7) for each location of
interest. Instead we are interested in understanding how the laws of physics accommodate the
spatial and temporal differences associated with these different values of I The laws of
physics always scale in a way that keeps the speed of light constant (¢ = dL/d7). For example,
a zero gravity observer might perceive that that a location in gravity has a slow rate of time.
However, the zero gravity observer also perceives that this location in gravity also has a
proportionately slow coordinate speed of light. A speed of light experiment performed in
gravity always results in the universal constant ¢ because a zero gravity observer perceives a
slow coordinate speed of light being timed by a slow clock. This results in not only a constant
proper speed of light (¢) but also the zero gravity observer can consider proper length as
constant (independent of I'). In other words, when the zero gravity observer applies his/her
rate of time and adjusts for the different coordinate speed of light, then the unit of length (L)
can be considered constant.

All the forces scale with proper length. This is true for not only the electromagnetic force, but
even gravitational acceleration scales with proper length. In the last chapter we showed that
g = AT/A/4dr. In this equation 4/ is an increment of proper length in the elevation direction.
General relativity tells us that there is a difference between circumferential radius R and
proper length L. There is also one perspective where the tangential proper length decreases
relative to coordinate tangential length when gravity is introduced into a volume of spacetime.
However, fermions, bosons and forces know nothing about the general relativistic effects
involving circumferential radius or coordinate tangential length. These particles and forces all
scale with proper length. If gravity produces non Euclidian spatial geometry, these particles
and forces merely accept the proper volume at a particular location and scale with proper
length. Therefore since fundamental particles and forces scale with proper length and proper
volume, for this exercise we need to adopt a coordinate system that recognizes proper length
as a standard.

Normalized Coordinate System: The conclusion of this is that the analysis we wish to perform
on the covariance of the laws of physics is best accomplished by adopting a coordinate system
that uses coordinate rate of time from general relativity as the time standard and proper length
as our length standard. This is an unconventional coordinate system that is a hybrid between
the Schwarzschild coordinate system (coordinate time and circumferential radius) and the
standard coordinates that use proper time and proper length. This coordinate system will be
used to analyze the covariance of the laws of physics when two locations have different
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gravitational potentials and different rates of time. In this analysis we always assume both a
constant distance between locations and static gravity. Further support for the use of this
coordinate system will be offered by actually performing this analysis using this hybrid
coordinate system and seeing if the results are reasonable.

The hybrid coordinate system that uses proper length and coordinate rate of time will be called
the “normalized” coordinate system. The speed of light utilizing this coordinate system will be
called the “normalized” speed of light. We will also be referring to the “normalized” unit of
energy, force, etc. All of these units use proper length and zero gravity rate of time. The
normalized coordinates cannot be used for general relativity calculations to determine
spacetime curvature. The equations become so simplified that important information is lost.
Instead, the normalized coordinate system accepts the value of I' obtained from general
relativity and utilizes this information to analyze other aspects of physics. By adopting proper
length as our coordinate length and zero gravity rate of time we achieve a coordinate system
that works well with quantum mechanics and gives insights into the forces of nature.

Length and Time Transformations: The following analysis will use dimensional analysis and
therefore we will be using the symbols of dimensional analysis. These are: M, L, 7, ¢, and @ to
represent mass, length, time, charge and temperature respectively. For example, the units of
energy are: kg m?/s2. The conversion to dimensional analysis terminology is:

kg m?/s2 - ML?/T-.

Also, the calculations to follow will be making transformations between the various units of
physics when T’ changes. For example, to understand how the laws of physics are maintained
going from a hypothetical location in zero gravity (I' = 1) to a location with strong gravity
(I' > 1), we will be working with discrete units such as a Joule or a Newton. This means that
the transformation of our coordinates also requires the use of discrete units of length and time
rather than the differential form.

For example, dt = I'dr relates the rate of coordinate time (d?) to the rate of proper time in
gravity (d7). In this case dt > dr. However, suppose we compare a unit of time, such as one
second in a location with zero gravity to one second in a location with gravity. If each location
sent out a light pulse lasting 1 second (according to a local clock), then any observer
(independent of I') would agree that the light pulse from the location in gravity lasted longer
than the light pulse from the zero gravity location. This will be represented as 7, > 7,. The
subscript “g’ represents a location in gravity and “o0” represents a location with zero gravity.
Therefore, 7, > 7, represents that a unit of time in gravity is larger (longer) than a unit of time
in zero gravity. When we convert dt =I'd7 to express a relationship between units of time it
becomes:

T, =T¢/T  unit of time transformation from zero gravity to gravity
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There is no new physics being expressed here. The difference is comparable to comparing a
rate of pulses expressed as pulse per second compared to the time between pulses expressed
as seconds per pulse.

Since proper length is adopted as our standard of length, this means that we are not making a
distinction between proper length in any location or orientation. The way that this is
expressed is:

Lo =L, unitof length transformation from zero gravity to gravity

Normalized Speed of Light: When the normalized coordinate system uses proper length and
the zero gravity rate of time, then the normalized speed of light (designated with a capital “C”)
becomes: ¢ = dL/dt In other words, the normalized speed of light in the normalized
coordinate system is the change in proper length divided by the rate of coordinate time dt.

C=dL/dt =cdr/dt =c/T C=normalized speed of light

Co=c C, = normalized speed of light in zero gravity (when ' = 1)
C,=c/T C, = normalized speed of light in a location with gravity (when T > 7)
Co =T relationship between (,and C,

If there are two locations (1 and 2) that have gravitational gammas I'1 and I'> respectively, then
they will have normalized speed of light of ;7 and (2 The relation between these two different
normalized speeds of lightis: 77 C;=12C>=c

In the equation (, =TI'(; we have eliminated the need for I'; because in zero gravity I' =1 and
the need to mention I'i disappears. It is informative to give an example of (, =T (. The
gravitational gamma I' at the surface of the sun is: I' ~ 1.000002. If we set the normalized
speed of light in zero gravity to ¢, = 1, then the surface of the sun has C, #0.999998. Since
proper length is coordinate length in the normalized coordinate system, the non-Euclidian
properties of space are interpreted as gravity creating additional proper volume in the space
surrounding a mass. Therefore the non Euclidian volume surrounding the sun is merely
accepted by the normalized coordinate system. If a beam of light passes through this non
Euclidian volume of space, then the difference in optical path length across the width of the
beam is taken into account. This difference in path length contributes to bending of the light.

Comparison of Coordinate Speed of Light: We previously designated the coordinate speed

of light using Schwarzschild coordinates as ¢ and ¢r. The comparison of the normalized speed
of light in gravity Cg to the Schwarzschild coordinate speed of light is:
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Length Coordinate Speed of Light Coordinates
Transformation Speed of Light  Conversion

Lo=1Lg C, =dL/dt c=T(, Normalized speed of light conversion
dR =T dLr Cr =dR/dt c=I?& Schwarzschild coordinates (radial)
Rd(2 =dLr Cr=Rd/dt c=T¢r Schwarzschild coordinates (tangential)

The normalized speed of light is similar to the proper speed of light cin the sense that both are
independent of orientation (radial or tangential). The only difference is that the normalized
speed of light uses coordinate time which is an absolute standard for the rate of time and also is
a faster rate of time compared to the proper rate of time in gravity (stationary frame of
reference).

Internally Self Consistent: Another important similarity between the normalized speed of
light and proper speed of light is:

dL = Cdt =cdr

The above relationship indicates that the normalized coordinate system is internally self
consistent. By definition, the following is always true: cdr = dL (any orientation or
gravitational I' ). So also the following is always true: Cdt = dL (any orientation or gravitational

r).

In gravity, the normalized speed of light is slow (C; = ¢/T ). However, a unit of time in gravity
T, is longer than the same unit of time in zero gravity (7; =T 7,). The combination of these
two factors offset each other, thereby producing a constant length: C,7, = (¢c1T) T T,) = Lo
The combination of these two factors achieves the same length in any I' or orientation.
Therefore it is possible to say that L, = L; and have a coordinate system that is internally
consistent.

Energy Transformation: We know the transformation of units of length (Z, = L) and time
(T», = Tg/T ), but we need to determine the transformation for units of mass before all other
transformations can be easily calculated. It is not obvious what transformation mass would be
if we used a standard unit of mass in zero gravity (M,) to quantify the same proper unit of mass
in gravity (M,;). Mass is not synonymous with matter. Mass is a quantification of inertia which
implies force and acceleration. Both of these involve time, so it should be expected that mass
may have some dependence on the rate of time. Since we cannot directly reason to the mass
transformation, it is necessary to determine some other transformation between zero gravity
and gravity that can be determined by physical reasoning. Then we will use that
transformation to deduce the mass transformation indirectly. Fortunately, there are two
additional transformations (energy and momentum) that can be determined by physical
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reasoning. The mass transformation can be determined from either of these. We will use the
following proposed energy transformation:

E, =T E, proposed energy transformation equation

Before proceeding, I just wanted to review the meaning of £, =T'£,. The term £, represents a
unit of energy (such as 1 Joule or 1 eV) in a location with zero gravity (I' = 7). Similarly, £;
represents the same unit of energy in a location with gravity (I' > 7). Furthermore, we assume
that both sources of energy can be considered essentially stationary relative to each other.
Therefore since gamma is greater than one (I' > 7) the equation £, =T E, says that 1 Joule in
zero gravity represents more energy than 1 Joule in a location with gravity (I' > 7). The ratio of
these two energies is £,/E, =T.

To make this comparison, both £, and £, must be measured using the same standard of energy
which implies using the same rate of time for both measurements. Perhaps it is convenient to
imagine using the zero gravity (coordinate) rate of time for both energy measurements, but the
only requirement is that the same rate of time be used. For another example, an electron
(511,000 €V) in gravity has less energy than an electron in zero gravity when the energies are
compared using the same rate of time. The proportionality constant is the gravitational gamma:

1 _adt

(1_zgm> dt
c“R

I =

This concept is best explained with a thought experiment. Suppose that there is a planet that is
in a highly elliptical orbit around a star. The planet’s kinetic energy changes from a minimum
kinetic energy at the orbital apogee to a maximum Kkinetic energy at the perigee. Does this
change in kinetic energy produce any change in the gravity produced by the combination of the
planet and star as the planet orbits the star? (Assume a probe mass located far from the
star/planet). We know from general relativity that the total gravity produced by a closed
system remains constant when there is no transfer of energy into or out of the closed system.
The planet’s total energy remains constant in free flight. The more general principle is that a
body in free fall maintains a constant energy as it falls. This can be expressed as: £, = E; + Ex
where:

E, is the internal energy of a mass m in zero gravity (£, = mo,c?) measured using the zero
gravity standard of energy.

E, is the internal energy of a mass in gravity but measured using the zero gravity standard of
energy (measured using the coordinate clock).

E} is the kinetic energy of mass m in free fall from infinity to distance rin the gravity of larger
mass M. Also Ejis measured using the zero gravity standard of energy.
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Therefore: Ex = GmoM/r = E,(GM/c’r). In the following calculation we will use the
approximation: £,(GM/c’r) =~ E,(GM/c’r). This approximation is acceptable in weak gravity
and in the context that it is used below.

We will derive £, ~T E,from £, = E; + Erusing weak gravity approximations for simplicity.

Ey =E; + Ex Ey ~ Eg(GM/c’r) approximation from above
E, = E;(1+GM/c?r) set:T ~1+ GM/c’r
E, =T E; this approximation is exact in a rigorous analysis

The gravitational red/blue shift can cause some confusion in the discussion of standards of
energy and will be discussed later. Also, this equation can easily be misinterpreted if proper
units of energy are used to measure Eg rather than always using normalized units of energy.

Mass Transformation from Energy: Next we will solve for the mass transformation using
E,=TEy L, = Lgand T, = Tg/T. Energy has units of kg m?/s? which in dimensional analysis
terms will be expressed as: £ — M L?/T?

M, L2 Mgl
E,=TE, set:E,»—2° and E,—»-%%
T2 TZ

M, L% M,L?
20 =T ( g g) set: L, = Loand T, =T T,

T2 T¢
MOL%) — (MQL%))
TZ2 r2rz
My, = Mg/T units of mass transformation obtained from the energy transformation

Again, both M, and M; represent the same units of stationary mass such as 1 kilogram.
Furthermore, both units of mass are measured using a single rate of time. As suspected
previously, the connection between mass and inertia means that the normalized unit of mass
has a dependence on the rate of time (I' dependence).

The transformation M, = M,/ looks strange because it says that the normalized mass unit
increases as gravity increases (as I' increases). This will be analyzed later, but it relates to the
inertia measured by a zero gravity observer. For now we will use this mass transformation
along with the length and time transformations to generate all of the other transformations
nature requires to maintain the laws of physics when the rate of time changes because of a
change in gravitational potential. To summarize, here are the key transformations:
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Lo=Lg unit of length transformation
T, =TT unit of time transformation
My = M, /I unit of mass transformation

This same mass transformation can be obtained from the conservation of momentum
transformation: p, = p;. However, rather than going through this derivation, it will merely be
shown that the three transformations (which includes the mass transformation), gives p, = pg.

Momentump:  p,— = - Dg

Appendix B at the end of this chapter shows the details of derivation of the various
transformations. Essentially this is just dimensional analysis where the dimensions of mass,
length and time are transformed from zero gravity to gravity. The following transformation of
force is typical of the other transformations.

MyLo (@)L‘g

ForceF. F,- T2 = T2 -TF,
rz
Fo =Tk force transformation

The table on the following page gives all of the important transformations.
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Gravitational Transformation of Units and Constants: The following are transformations of
units of physics from zero gravity I' = 7 to a location in gravity ' > 7. The relationships are

expressed assuming a single rate of time and proper length. The gravitational gamma T is

defined as: T’ :—% :ﬁ =~ 1 + Gm/c’R. The symbols of dimensional analysis L, 7, M, Q
1_( CZR)
and @are used to represent length, time, mass, charge and temperature respectively.

Normalized Transformations

Lo=Lg unit of length transformation
T, =TT unit of time transformation
M, =M, /T unit of mass transformation
Qo =0y unit of charge expressed in coulombs - not stat coulombs
6, =06, unit of temperature transformation
G =TC(, normalized speed of light transformation
dL =T dR proper length and circumferential radius transformation
E, =TE, energy
Vo =Ty velocity
Fo=TF; force
P, =T2P, power
Go =T3G, gravitational constant
U, =T, energy density
P, =T P; pressure
wo =T wg frequency
Po=pPg /T density
ko =T kg Boltzmann'’s constant
oo =170, Stefan-Boltzmann Constant
o =TI, electrical current
Vo =TV, voltage
Eoo = EogfT permittivity of vacuum
Hoo = Hog/T permeability of vacuum

Units and Constants That Do Not Change in Gravity

Do = Pg momentum is conserved

Ly =4 angular momentum is conserved

ho = hg Planck’s constant (angular momentum is conserved)

do = Qg fine structure constant (dimensionless constant is conserved)
2, =42 electrical resistance

Bo =Be magnetic flux density

Zoo = Zog impedance of free space

Zso = Zsg impedance of spacetime

Fundamental Equations
E, =E; + Ex  relationship of internal energy and gravitational kinetic energy Ex
E, =E;-E,,  relationship of internal energy and gravitational potential energy £,
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Conversion to Normalized Perspective: When we calculate energy, velocity, force, mass,
power, voltage, etc. using proper time, because of the covariance of the laws of physics, we
obtain an answer that numerically equals the value in zero gravity. Therefore, to convert this
proper value into normalized values, we merely substitute the proper value into the above
transformations by replacing the zero gravity term (£, Vo, F, etc.) and solve for the normalized
value (£, V, Fg etc.). For example, an electron has energy of 8.187 x 10-1* Joules. In the
normalized perspective, this is really the energy of an electron in zero gravity. However, the
covariance of the laws of physics allows us to use this energy in locations with ' > 1. To
convert to normalized energy, we merely substitute the zero gravity energy (8.187 x 10-14
Joules) for £, in the equation £, = £,/T and solve for £, Since I' > 1 for a location in gravity,
this means that £, < £, For example, at the surface of the sunI' ~#1 + 2 x 10-%. Therefore an
electron at the surface of the sun has only 0.999998 the energy of an electron in zero gravity.

Insights from Transformations

Energy Transformation: We normally closely associate mass and energy. However, the
normalized transformations treat mass and energy differently. When an object is moved to a
location with a larger gravitational gamma (and slower rate of time), the normalized energy of
the object decreases and the normalized mass (inertia) of the object increases. The mass
transformation is discussed below, but when we transform £ = mc? into the normalized time
perspective, the gravitational effect on the normalized speed of light is squared and the
gravitational effect on mass is raised only to the first power. The result is: £, =T E. This
equation applies only to stationary objects because this was an assumption used in the
derivation. The term “stationary” means no change as a function of time in the optical path
length between two objects or points.

The equation £, =T E; says that a unit of energy in zero gravity is larger than the same unit of
energy in a location with gravity. This applies to all forms of energy such as: the annihilation
energy of mass, the energy stored in capacitors, the energy of chemical reactions, thermal
energy, or the energy of atomic transitions. In all cases the normalized energy of stationary
objects in gravity is diminished by the gravitational gamma factor. The loss of energy when an
object moves to stronger gravity is easy to see. A meteor striking the earth generates heat.
This heat is the lost internal energy of the meteor. The atoms of the meteor that remain in the
earth’s gravity have less internal energy than they had in space (once the heat is removed).

If we elevate a one kilogram mass by 1 meter in earth’s gravity, we say that we have given the

mass potential energy of 9.8 Joules. Where is this energy stored? [ want to see and understand
this mysterious gravitational potential energy. If we ignore the change in time over the one
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meter elevation, then the source of gravitational potential energy is a mystery. However, if we
acknowledge that the rate of time is different when we change elevation, then we arrive at the
conclusion that the energy expressed in normalized units of energy is also different at the two
elevations. This insight allows us to obtain a partial insight into the storage of gravitational
potential energy. The proposed particle model presented later will give a more complete
explanation. Below, we will use the transformation £, =T £, and compare £ at two different
elevations (1 and 2 where elevation 2 is higher than 1). We will use weak gravity
approximations and the following symbols:

Normalized energy in gravity at elevation 1 and 2: Ezrand £,
Large mass (planet) and small test mass Mand m
Radius from the center of the large mass to elevation 1 and 2:  r7and r»
Gravitational gamma and beta for elevation 1 and 2: I, Iz, B, and 2
Ep = % and £y = % normalized energy transformations
2 1
Eo Eo 1 1 1
Bp-En=1 -22=E(i-1)=EPi-B)  set 1=1-P
o= (57) - (G = (-5 com
82~ Fl = c?r; c?r, me = T (GMm)

2 -1

1 1
sincer, - r; << 1 substitute: (— - —) &

LS 4 r{

&M GM
Egz = Eg1 =~ (12 - 1’1)( 2 )m set rz - r; = A4/ and acceleration — =&
1 1

Eor— Eg1 ~ gm A/} gravitational potential energy

Therefore, the change in the normalized energy between level 1 and 2 (£ - E;;) equals the
gravitational potential energy for mass m in gravitational acceleration g for a height change of
A/ = rz - r;. It is interesting to do a numerical example using a one kilogram mass being
elevated by one meter in the earth’s gravity.

M =5.976x 10%* kg mass of the earth

ri=6.378x10°m radius of the earth

['1~1+GM/c?ri =1+ 6.977x1010 gravitational gamma of the earth at sea level
[2~T;+T1-D)[(rz-1r1)/r1] 1+ 6977 x 1010+ 1.091 x 10-16

[2-T;2~1.091x 1016 difference in ' when 4/ =r; - r; = 1 meter
E-Er~{T2-T7)E; #1.091x10xmc?  mc? ~#8.99 x 1016 ] for 1 kg mass
E,-FE;1~9.8] difference in normalized energy of a 1 kg mass elevated 1 m

Therefore, when we use normalized units (coordinate time and proper length), we find that the
internal energy of a mass changes with elevation by exactly the amount of gravitational
potential energy. For example, a one kilogram mass has 9.8 Joules more energy when it is at an
elevation 1 meter above sea level than it has when it is at an elevation of sea level when energy
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is expressed in normalized units of energy. There is also a change in the normalized speed of
light and in the normalized mass. The combination of these factors results in a change in the
normalized energy of a mass that is elevated or lowered in a gravitational field. The
relationship between internal energy in zero gravity £, the normalized internal energy in
gravity £ and gravitational potential energy £, is:

Eg:Eg_E¢

The minus sign in front of £, is the result of considering potential energy to be a negative
number. This equation leads to the equation £, = £, + Eixdiscussed above. A body in free fall
does not change its normalized energy. Previously, a star and planet in an elliptical orbit were
used in an example. Sensing the gravity of the star/planet combination by the use of a distant
probe mass is equivalent to sensing the zero gravity energy of the star/planet combination.

Mass Transformation: The normalized mass transformation M, = Mg T looks counter
intuitive because it indicates that normalized mass increases when gravitational gamma I’
increases. There is no additional matter being created, there is just a change in the perceived
inertia when we convert to a single rate of time and quantify units of inertia in locations with
different values of I'. The inertia (mass) exhibited by a body is defined by the force generated
when a body is accelerated. Both force and acceleration incorporate units of time therefore
mass (inertia) also exhibits a dependence on the rate of time. A combination of factors results
in a unit of mass (inertia) in gravity being larger than the same unit of mass (inertia) in zero

gravity

Even though normalized mass increases in gravity, normalized energy decreases as explained
above. Since it is easier to conceptually understand energy decreasing in gravity, perhaps it is
easier to imagine energy being more fundamental than mass (inertia). It is only a historical
accident that we use mass as one of the 5 dimensional units of physics. In particle physics,
energy is considered more fundamental than mass and units of eV or MeV are common. If
energy replaced mass as one of the 5 dimensional units, then the energy transformation would
be the single factor that offsets the gravitational effect on time.

The weak equivalence principle says that there is no difference between gravitational mass and
inertial mass. This is true because they both scale proportionately to the gravitational gamma
when a constant rate of time is used. Merely elevating a mass in the earth’s gravitational field
changes both the normalized gravitational mass and the normalized inertial mass. The
gravitational field produced by the one kilogram mass scales with total energy, so elevating this
mass increases the energy of the elevated mass. This energy increase exactly offsets the
decrease in energy of whatever means was used to elevate the mass. The total normalized
energy and total gravitational field of the earth is unchanged.
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Gravitational Redshift: The gravitational red/blue shift is often misinterpreted!. Above it was
shown that the internal energy of an atom changes with elevation by exactly the difference in
the gravitational potential energy. Not only is there a change in the internal energy of an atom
when it changes elevation, there is also a proportional change in the energy of the atom’s
energy levels when there is a change in elevation. Therefore, from the perspective of someone
in zero gravity (normalized time), a particular atomic transition in gravity is less energetic and
this transition emits a comparatively low energy and low frequency photon. This low energy is
not detectable locally because all energy comparisons (such as 1 ev) have been similarly
shifted to a lower energy by the gravitational effect on time and mass.

Now we will address the gravitational redshift. The formula for the red/blue shift is:

Ao =T, where:
Ag =wavelength in gravity and 4, =wavelength in zero gravity

Suppose a photon in gravity starts at a lower elevation (level 1) and ends at a higher elevation
(level 2). If the photon’s energy is measured at level 1 and 2 with local instruments, then a loss
of energy is observed at level 2. This redshift appears to be a decrease in frequency, a decrease
in energy and an increase in wavelength. If it was possible to measure wavelength, frequency
and energy from a single elevation (single rate of time), then it would appear as if there was no
change in energy, no change in frequency, but the same increase in wavelength that was
observed with a local measurement. The energy and frequency disagreement occurs because
different rate of time and energy scales are being used at different elevations. The agreement
in wavelength occurs because the transformation L, = L; says that all observers are using the
same length standard to measure wavelength.

If we look only at wavelength, then there is such a thing as gravitational redshift. This is
because from all gravitational potentials, the same change in wavelength is observed.
However, if we look at either energy or frequency using zero gravity rate of time, then there is
no such thing as gravitational redshift. The apparent change in frequency and energy occurs
because we measure energy and frequency using local standards of the beginning and ending
elevations. At these different elevations (different values of I'), it is our local standards of
energy and time that have changed, not the photon’s energy and frequency.

There is an interesting question that [ would like to propose. We know that there appears to be
a gravitational blue shift when a photon is generated at a high elevation (height 2) and is
analyzed at a lower elevation (height 1). In other words, the photon seems to have gained
energy. The question is: What would happen if we trapped a photon in a reflecting box at
height 2, then lowered the box to height 1?7 Would the photon in a box have the same energy as
a freely propagating photon when it reached height 1?7

1 L.B. Okun; Am. J. Phys. 68 (2), February 2000
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[ contend that the photon lowered in a box would appear to have less energy than the freely
propagating photon. From a local perspective, the freely propagating photon appears to gain
energy (blue shifted) and the photon in a box would appear to have the same energy as the
energy at height 1. From the perspective of a zero gravity observer, the freely propagating
photon retained its original energy when it propagated from heights 2 to 1 and the photon in a
box lost energy. This lost energy was removed from the photon in the lowering process. As
previously explained, a confined photon exhibits weight. Lowering a box containing a confined
photon transfers energy from the photon to the apparatus used to lower the box. There are
numerous ways to analyze this problem and I content that they all give the answer described
here. However, this is a little off the subject, so [ will not elaborate further.

Another question is: How is it possible for the wavelength to change with elevation if there is
no change in the normalized frequency? The answer is that the normalized speed of light
changes with elevation ((, =T ;). If a photon propagates from a lower elevation to a higher
elevation, there is no change in frequency, but the normalized speed of light C, increases with
elevation. This increase in the normalized speed of light increases the distance traveled per
cycle time (increases the wavelength). This change in wavelength is obvious from any location,
but the constant frequency is only observable when all measurements are made from a single
elevation (a single rate of time).

Finally, a word of caution about not using the redshift formula (1, =T'4,) in transformations as
a substitute for length. It is not correct to equate wavelength with the unit of length when
there is a change in I'. A photon generated from a local atom has a wavelength that is a good
standard of length. However, a photon generated at another gravitational potential has a
wavelength that changes with I'. Therefore, a photon that is not generated locally cannot be
used as a standard of length.

Electrical Charge Transformation: The transformation of electric charge needs special
explanation, The transformations of @, = @ is only correct if charge is expressed in coulombs
rather than stat coulombs. Coulombs and stat coulombs are fundamentally different. The MKS
unit of coulomb is 6.24 x 1018 electrons but the CGS unit of stat coulomb is related to
electrostatic force and has units of VML3/T.  The result is that charge is conserved in
gravitational transformations if charge is expressed as a number of electrons (coulombs), but it
is not conserved if charge is expressed in stat coulombs with units of VML3/T. If an
electrostatic force equation is written in CGS units, then &, is missing and there is no
normalization of permittivity. The following transformation must be used for charge expressed
in stat coulombs:

Q> =T Qg (charge in stat coulombs)
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Testing: The objective of these transformations is to offset the gravitational effect on the rate
of time and keep the laws of physics covariant in any gravitational potential. It is interesting to
make substitutions into various equations of physics and see that the transformations do
indeed keep the same equations of physics when there is a transformation of gravitational
gamma. This is saying that these transformations exhibit internal self consistency. However, it
is also possible to see the implied physics behind these transformations upon close
examination.

Shapiro Revisited: In the last chapter we talked about the Shapiro experiment detecting a
relativistic increase in the time required for radar to travel radially in the sun’s gravity. The
delay was equivalent to a 50 ps delay in the time required for light to travel one way from the
earth to the sun’s surface. If we use Schwarzschild coordinates, then the 50 ps delay is due
entirely to the slowing of the coordinate speed of light which scales according to the local value
of '?along the radial path between the earth and the sun (¢ =I"? & =T2dR/df).

How do we interpret the 50 ps delay using the normalized coordinates? If a tape measure
could be used to measure the distance between the earth and the surface of the sun, the
distance measured by a tape measured would be about 7.5 km longer than the circumferential
radius distance calculated by dividing the circumference by 27z The normalized coordinate
system uses proper length (tape measure length) as coordinate length. Therefore, the
normalized coordinates gives the radar pulse credit for having traveled the additional 7.5 km of
non-Euclidian distance between the earth and the sun. It takes about 25 ps for speed of light
travel to cover 7.5 km, so the normalized coordinates attributes half the 50 ps delay to the time
required to travel the non-Euclidian distance generated by the sun’s gravity. The other half is
due to the normalized speed of light being slowed according to ¢ =T, = dLz/dt. Integrating
over the changing I' along the optical path gives the additional 25 ps due to this slowing.
Therefore, the 50 us total delay is the same, but the interpretation is different.

The following chapters will primarily use the standard definition for the speed of light. This
standard definition will be designated by lower case “¢”. Occasionally we will switch into using
normalized speed of light to give another perspective. In this case we will use an upper case
“C’. Attention will be called to this change.

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 3-15



Appendix B

This appendix gives the details of the derivation of some of the additional transformations
enumerated in the table titled “Gravitational Transformations of Units and Constants”. This
appendix can be skipped without the loss of any important information to the main points of
this book if this backup information is not of interest to the reader.

: L r
Velocity v: v, = T—" =Lg——>Tw
o g

v, =I' v,  normalized velocity vy decreases in gravity (just like C)

Z L
Gravitational Constant G: G, > —— = I~ G,
MoTS (@)(Lg)
rJ\r

Go = I3G; normalized gravitational constant (see comment below)

o Mg
Energy Density U U, — 02 = — I'Ug
=)
r

U, =TU, normalized energy density

Electrical Charge: Next we come to transformations that have dimensions that include
electrical charge in Coulombs. These include permittivity &, permeability u, current / Voltage
IVand the impedance of free space Z,. For this exercise, the symbol &,, will represent &, in zero
gravity and &, will represent €, in gravity. Similarly we will use the symbols 0, ttog Zoo, and
Zog. A unit of charge will be represented by Q, and Q.

It is not possible to use the above substitutions to determine the transformation of a unit of
electrical charge when comparing change between zero gravity ¢, and a unit of charge in
gravity @, using a single rate of time. It is true that the dimension of charge (expressed in
Coulombs) does not contain either time or mass, so the two dimensions known to have I
dependence are missing (stat Coulombs will be discussed later). So superficially it seems as if
there should be no change in a unit of charge when the rate of time changes due to a change in
I” However, we need to supplement this with some additional physical reasoning using the
laws of physics.

From the conservation of charge and the Faraday law we know that charge is conserved when
there is a change in elevation. This indicates that ¢, = Q- There is additional support for this
contention because the impedance of free space Z, has units that scale with 7/Q? (dimensional
analysis symbol @). If there was a gravitational dependence on charge, then the impedance of
free space would have a gravitational dependence. There would be a slight impedance

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 3-16




mismatch when light changes elevation in gravity. This impedance mismatch would cause
scattering of electromagnetic radiation from gravitational fields. For all these reasons we will
assume that:

Qo =0Qs

A unit of electrical charge in gravity (Coulombs) equals a unit of electrical charge in zero
gravity. We will now use this transformation to generate additional electrical transformations.

T
2z Qf’(r_g>

3M, I3 (ﬂ)

Permittivity &,: £o0—

Eoo = EogfT normalized permittivity

Mg\, 2
M,L3 L

Impedance of Free Space Zy: Zo—>——5 = (TF ) L Zog
Tl (F)e

Zoo = Zog impedance of free space

mi (D)

- 2

Tng <F_g>Qg
Temperature @: Finally we come to the transformation of Boltzmann’s constant & and
temperature. Boltzmann’s constant is typically described as: & = 1.38 10-23 Joule/molecule
OKelvin. This number, measured locally, does not change when gravitational gamma is
changed. However, the standard of what constitutes a unit of energy (Joule) changes according
to the previously derived transformation: £, = E,/. Therefore, to an observer using
normalized time, the energy per molecule per degree Kelvin decreases in gravity. Therefore, an
acceptable interpretation for the zero gravity observer is that temperature in gravity equals the
same temperature in zero gravity, but the Boltzmann “constant” depends on I

Voltage V' V,—

->T'V;

0, =0, temperature is unaffected by an change in gravity
Boltzmann Constant: kz— MLZ2/T26

kp=1.38 10-23 Joule/molecule °Kelvin - ML2/T26€ molecule
M
M1} T

LZ
g
kp, > —— molecule = 7= molecule — I'kpg,
720, (T ) o
g

_g
2

kpo=Tkgg normalized Boltzmann’s “constant”
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Mg
M
Stefan-Boltzmann Constant: To= 73 = ( F) - 0y [T?
@4’
9

3
0% T_g
[‘3

oo =T?0; normalized Stefan-Boltzmann “constant”

The Stefan-Boltzmann constant is the constant associated with the intensity of a black body
emission 7= oeT* where o = Stefan-Boltzmann Constant, £ = emissivity, 7'is temperature and
@ is the dimension of temperature. The equation J = oe7* supports the idea that 8, = 6,
because temperature is raised to the fourth power. If there was a temperature dependence on
', we would have a I'* dependence.
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Chapter 4

Assumptions

“There has never been a law of physics that did not demand
space’and ‘time’ for its statement.”
John Archibald Wheeler

Starting Assumption: Physics today has a large body of experimental observations and
mathematical equations that correspond to the experimental observations. Therefore, on a
superficial level it would appear that we have a good theoretical understanding of nature up to
a limit that will be called the frontier of knowledge. However, there are many counter intuitive
physical interpretations of the mathematical equations and experimental observations. This
book proposes alternative physical interpretations that not only fit the equations and
experiments, but also offer improved conceptual understanding and new insights.

If we are looking for the fabled “theory of everything", it is best to start the quest with the
simplest possible starting assumption. Only if the simplest assumption is proven to be
inadequate, should we reluctantly move on to a more complex assumption. When I examined
the similarities between light confined in a reflecting box and particles, I was struck by a big
idea. This idea is:

Basic Assumption: The universe is only spacetime.

This idea will be taken as a basic assumption for the remainder of this book. If this simple
starting assumption is correct, it should be possible to invent a model of the universe that uses
only the properties of 4 dimensional spacetime. Ultimately, all matter, energy, forces, fields
and laws of physics should logically be obtainable from just 4 dimensional spacetime. This is a
large project that encompasses all of physics. It grew into this book length explanation rather
than a few technical papers.

Initially, this might seem impossible because spacetime appears to be just a quiet vacuum that
possesses three spatial dimensions plus time. However, the quantum mechanical model of
spacetime has a vast energy density also known as vacuum energy, quantum fluctuations, zero
point energy, etc. The spacetime model that is capable of forming matter, energy, forces and
fields is a composite of quantum mechanical and general relativistic characteristics. Besides a
specific speed of light and a gravitational constant, spacetime also possesses impedance, bulk
modulus, energy density etc. The combination of these properties permits spacetime to
become the basic building block for all matter and forces.
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Spacetime does have some real advantages as the basic building block of everything in the
universe. Spacetime is the stiffest of all possible mediums that support wave propagation. A
disturbance in spacetime propagates at the speed of light. The characteristics of spacetime
permit it to support any frequency wave up to Planck frequency (~104 Hz). This is a
tremendous advantage if we are attempting to find a medium that can hypothetically support
the large energy density required to build a proton, for example. Some waves in spacetime will
be shown to be capable of modulating the spatial and temporal properties of spacetime. This
can serve as the basic building block of matter, forces and fields.

The simplicity of the starting assumption does have one advantage. It should be relatively easy
to prove or disprove. Unlike string theory, this starting assumption hardly provides any “wiggle
room”. If the assumption is wrong, the error should be quickly evident. If the assumption is
correct, the extreme limitations define a narrow path that should lead to both conformations
and new insights. [ will summarize the conclusions of chapter #1.

A confined photon in a moving frame of reference has the following 8 similarities to a
fundamental particle with the same energy and same frame of reference:

1) the same inertia, 2) the same weight, 3) the same kinetic energy when moving 4)
the same de Broglie wavelength 5) the same de Broglie phase velocity, 6) the same de
Broglie group velocity, 7) the same relativistic length contraction, 8) the same
relativistic time dilation. It is hard to avoid the thought that perhaps a particle is
actually a wave with components exhibiting bidirectional propagation at the speed of
light but somehow confined to a specific volume. This confinement produces standing
waves that are simultaneously moving both towards and away from a central region.

The assumption that the universe is only spacetime causes us to explore the possibility that
waves in spacetime (dynamically curved spacetime) are the basic building blocks of particles,
forces and fields. It also offers the opportunity to give a physical description of quantum
mechanical operations such as the collapse of the wave function or making a measurement of a
quantum mechanical state. The ultimate test is whether this assumption logically leads to
gravity and compatibility with quantum mechanics.

The starting assumption that the universe is only spacetime requires that the reader change
perspective about what is a cause and what is an effect. The standard physical
interpretation of general relativity is that matter causes curved spacetime. The reverse
perspective would be that a special type of curved spacetime (dynamic spacetime) causes
matter. The static curved spacetime, normally assumed to be caused by matter, will be
shown to be a minor residual effect of dynamic spacetime.

Creative Challenge: I started with two positions that are currently not connected. On the
one hand, there is the current understanding of the fundamental particles, forces and physical
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laws. On the other hand, there is the basic assumption that the universe is only spacetime. An
attempt to bring these two disconnected positions together requires a creative look at both the
properties of spacetime and the properties of particles, forces and physical laws. The
experimentally verified physical facts and equations are assumed to be correct, but it is not
necessary to adopt the physical interpretations currently used to explain these facts and
equations. For example, the equations of general relativity accurately describe gravity and the
universe. However, the accuracy of these equations does not guarantee the accuracy of the
physical interpretations currently associated with these equations. The idea that gravity is not
a force, but the result of the geometry of spacetime is a physical interpretation of the equations
of general relativity. Rather than focusing on explaining gravity or uniting quantum mechanics
and general relativity, I merely start with what [ believe is the simplest possible starting
assumption (the universe is only spacetime) and attempt to reconcile this assumption with
everything known to exist in the universe.

Planck Units: In 1899 Max Planck proposed a system of units based only on constants of
nature. He used the reduced Planck constant # = 1.055 x 10-3* kg m?/s, the Newtonian
gravitational constant ¢ = 6.672 x 10-11 m3/s2kg, the speed of light c = 2.998 x 108 m/s and the
Coulomb constant 1/4 &, = 8.987 x 10° m3kg/s2C2. This combination of constants can be used
to make units of length, time, mass, and charge. Extrapolating further, it is possible to make all
other units such as units of force, energy, momentum, power, electric field, etc.

It was immediately recognized that Planck units were fundamental because they were derived
from constants of nature. However, it later became recognized that Planck units held an even
more special place in physics. Planck units were actually based on the properties of spacetime
and they represented the limiting values (maximum or minimum) for a single fermion or
boson. For example, a group of particles can have mass in excess of Planck mass
(mp=2.176 x10-® kg). However, the theoretical limit for a single fundamental particle (a
single fermion) is Planck mass. If there was a fermion with Planck mass it would form a black
hole. The inverse of Planck time is the maximum possible frequency for a photon. Planck
length f, =1.616 x 10-35> m represents the theoretical limiting value (device independent) of
any length measurement. Similarly, Planck time £ = 5.301 x 10-4* s represents the limiting
accuracy of any time measurement. When we are attempting to build the universe out of only
spacetime, Planck units become the natural units for this analysis.
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Spacetime Models

Spacetime: The Quantum Mechanical Model: The quantum mechanical view of space and
time (including QED and QCD) is very different than the general relativistic view. We will first
enumerate the quantum mechanical description. In quantum mechanics both space and time
are quantized. Space is a locally violent medium filled with vacuum fluctuations. At the basis of
the uncertainty principle there is energetic spacetime that is in a continuous state of flux. The
distance between two points can only be specified to a limited accuracy (Planck length)
because of the effect of these fluctuations on spatial measurement. Similarly the energy at a
point undergoes wild fluctuations. This is usually considered as justification for the formation
and annihilation of virtual particle pairs, but this energy fluctuation can also be considered
merely an energetic distortion of spacetime. Even the rate of time at adjacent points can
fluctuate slightly producing variations (differences between clocks) that can differ by Planck
time.

These fluctuations produce measurable results. For example, the Casimir effect produces a
force on two closely spaced metal plates which have been measured to an accuracy of 5% of the
theoretical prediction. In a hydrogen atom there is an interaction between the electron and the
vacuum fluctuations that produces a small shift in the energy of the 25;,2 energy level. This
“Lamb shift” has been accurately predicted and experimentally measured. @ Vacuum
polarization is another important effect in QCD which involves the interaction of a charged
particle and shielding of that charge produced by virtual particles created in the vacuum.

An electron has a magnetic moment which would be precisely equal to 2 except for the
anomalous magnetic dipole moment caused by vacuum fluctuations. This electron spin g-factor
(gs) has been predicted by QED calculations and experimentally verified to better than 10
significant figures for the anomalous contribution. The result is: gs = 2.00231930436. This
means that the magnetic moment of an electron is the most accurate prediction in all of
physics. This accuracy depends on the accuracy of the quantum mechanical model of the
fluctuations in spacetime. All of these examples are meant to illustrate that quantum
mechanics requires that vacuum has vacuum fluctuations at a very large energy density.

One way of quantifying these fluctuations is to visualize a vacuum as being filled with harmonic
oscillators at a temperature of absolute zero. The lowest quantum mechanical energy of each
oscillator is £ = % hw = % hc/A (where ¢ = wA and A is pronounced lambda bar). This is the
famous zero point energy. Each oscillator can be visualized as occupying a volume of V = k4%
where kis a numerical factor near 1. For example, a wave can be confined in a reflecting cavity
that is %2 wavelength on a side. The wave amplitude is zero at the walls and maximum in the
center for this size cavity. Since we are standardizing on the use of w for frequency and A for
wavelength, it is possible to say that the wave has been confined to a volume of A7 if we ignore
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numerical factors near 1. Using this volume designation, this means that the energy density U
at frequency w is: U, = hw/A° = hc/A* = hw?/c. In words, the energy density at a specific
frequency w increases with the fourth power of frequency.

What is the total energy density of zero point energy at all frequencies? If w is assumed to have
no limit (infinite frequency) then the implied energy density would also be infinite. If we
assume that zero point energy is associated with the properties of spacetime (proven later)
then the maximum frequency that spacetime can support is Planck frequency w, which is the
inverse of Planck time w, = 1/ 7, =(c®/hG)"? ~ 1.85 x 10%3 s'1. Assuming Planck frequency w,,
the implied energy density of the quantum mechanical model of spacetime is Planck energy
density U, = hwp?/c® =~ 4 x 10113 ] /m3. This shocking large number will be extensively analyzed
several different places later in this book. For now we will merely recognize that this is part of
the quantum mechanical model of spacetime.

Spectral Energy Density: The normal way of treating energy density at a particular frequency
is to designate the “spectral energy density” which is energy density per unit frequency
interval. We will designate this spectral energy density as: U(w)dw. Every point in spacetime
is treated like it is a quantized harmonic oscillator with energy £ = %2 Aw. This concept leads to
a spectral energy density U(w)dw that is:

hw3

U(w)dw =k(c—3) dw

This spectrum with its «w® dependence of spectral energy density is unique in as much as
motion through this spectral distribution does not produce a detectable Doppler shift. It is a
Lorentz invariant random field. All inertial observers are equivalent. Any particular spectral
component undergoes a Doppler shift, but other components compensate so that all
components taken together do not exhibit a Doppler shift. Therefore this spectral energy
distribution satisfies the requirement that it should not be possible to detect any difference in
the laws of physics in any frame of reference (at least up to the cut off at Planck frequency). It
should also be noted that neither cosmological expansion nor gravity alters this spectrum?.
The implications of having a finite cut off frequency are discussed as part of the cosmological
analysis in chapter 14.

Quantum Foam: In 1955, John Wheeler proposed that spacetime is highly turbulent at the
scale of Planck length. He proposed that as the scale of time and length approaches Planck time
and Planck length, the energy fluctuations in spacetime increase. These fluctuations on the
smallest scale possible cause spacetime to depart from its smooth macroscopic characteristic.
John Wheeler suggested the term “quantum foam” to describe spacetime on this smallest scale.

! puthoff, H.E. Phys. Rev. A Volume 40, p.4857, 1989 Errata in Phys. Rev A volume 44, p. 3385, 1991 See also
New Scientist, volume 124, p.36, Dec. 2, 1089
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In the book “Einstein's Vision”, John Wheeler proposed that elementary particles were excited
energy states (resonances) of the vacuum energy fluctuations. He pointed out that the density
of a nucleus was ~ 108 kg/m3 and this density is negligibly small compared to the equivalent
density of spacetime (~ 10°7 kg/m3 or an energy density of ~ 10113 J/m3). While John
Wheeler’s description of spacetime has the same basic components as the spacetime model
proposed in this book, his concept of how spacetime forms particles and forces is different.

To summarize, the quantum mechanical model of vacuum, spacetime is a sea of energetic
activity that can be visualized several different ways. The uncertainty principle has distance,
momentum, time and energy undergoing fluctuations. Field theory has a sea of harmonic
oscillators, each with zero point energy of £ = %2 Aw. Particle physics has virtual particle pairs
and virtual photons coming into existence and going out of existence. QCD has virtual particles
with both color charge and electrical charge producing vacuum polarization. The quantum
mechanical model of vacuum requires a minimum vacuum energy density of at least 1050 J/m3
for many QCD calculations and some variations require the full Planck energy density of
~ 10113 ] /m3.

Spacetime: The General Relativity Model:  General relativity visualizes spacetime as a
smooth, well behaved medium consisting of 3 spatial dimensions plus time. Spacetime can be
curved by energy in any form but it is not subject to the random fluctuations of the quantum
mechanical model. General relativity is a classical theory that does not recognize Planck’s
constant, Planck length or Planck time. The distance between two closely spaced points is not
considered to fluctuate but there is a limit as to the precision of the measurement. This
precision limit is set by the possibility of forming a black hole if too much energy is required to
make the measurement. However, even this limit is a mixture of quantum mechanics and
general relativity. In general relativity there are no quantized operations.

General relativity (GR) teaches that energy in any form generates gravity. According to general
relativity the universe would collapse into a black hole if the energy density of the universe
exceeds the “critical” energy density. The cosmologically observed energy density of the
universe (about 10-°J/m?3) appears to be within the margin of error (within 1%) of equaling
the critical energy density of the universe. Therefore, according to general relativity the
quantum mechanical model of vacuum must be wrong because the quantum mechanical model
requires energy density vastly exceeding the critical density of about 10-° J/m3. According to
general relativity, an energy density of 10113 | /m3 is ridiculous. This energy density would form
a black hole even for a sphere that is Planck length in radius.

General relativity does have its share of predictions not shared by quantum mechanics. For
example, the rate of time depends on gravity in GR while quantum mechanics considers the
rate of time to be constant. Also, GR predicts that proper volume also is affected by gravity.
Quantum mechanics does not recognize a gravitational effect on volume.
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Reconciling the QM and GR Models: The discrepancy between the quantum mechanical
energy density of vacuum (~10113 J/m3) and the cosmologically observed energy density of the
universe (~10-9J/m3) is the largest numerical discrepancy in all of physics. The difference is a
factor of about 10122 but this is usually rounded off to “merely” a factor of 10120. The standard
interpretation is that there must be some other effect that cancels out what appears to be a
ridiculously large quantum mechanical energy density. However, there is good evidence that
the vacuum fluctuations exist. They are required for many current quantum mechanical
effects. They cannot simply be canceled by another effect that somehow eliminates all the
effects of these fluctuations. Furthermore, canceling out 10113 J/m3 would require an equally
large effect in the opposite direction. No effect that cancels 10113 J/m?3 has been proposed.

On close examination we really do not need a true cancelation of energy. We merely need one
or more mechanisms that allow the quantum mechanical vacuum energy to exist but not
interact with us or our observable universe except through the quantum mechanical
interactions mentioned. It will be proposed later that the quantum mechanical model of
spacetime is correct regarding the energy density of spacetime at the quantum scale of Planck
length and Planck time. Also, the general relativity model is correct regarding the energy
density of spacetime on the macroscopic scale that does not recognize fluctuations at the scale
of Planck length and Planck time. Since the GR predictions are virtually universally accepted,
we will concentrate on the energy density predictions of quantum mechanics which are
generally presumed to be eliminated by some unknown offsetting property of spacetime. This
seems obvious since we do not macroscopically interact with this tremendous energy density
nor has it caused the universe to collapse as implied by general relativity.

It is proposed here that spacetime is a composite of the quantum mechanical model and the
general relativity model. The quantum mechanical model with its quantum fluctuations
and tremendous energy density is describing the portion of the universe that lacks
guantized angular momentum and is as homogeneous as quantum mechanics allows. The
general relativity model only recognizes the small portion of the energy in the universe that
possesses quantized angular momentum (fermions and bosons). This portion is capable of
forming energy concentrations such as massive bodies which distort the macroscopic
homogeneity of the quantum mechanical model to form curved spacetime.

The rest of this book is devoted to explaining various aspects of the above statement.
The factor of 10120 discrepancy between the two models is the difference between the minute
fraction of energy (particles, photons, etc.) that possesses quantized angular momentum and

the vastly larger vacuum energy density that does not possess quantized angular momentum.
This vacuum energy will later be shown to be a homogeneous superfluid and have other
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properties that prevent gravitational collapse. These statements are only made to alert the
reader that the obvious objections will be addressed later.

Another objection addressed later is the contention that the large energy density of vacuum
fluctuations is impossible because the volume of the universe is expanding yet the vacuum
energy density is perceived to remain constant. This seems to imply that a vast amount of new
energy is being added to the universe each second to accompany the new volume being
created. This answer requires two chapters (13 & 14) for a complete explanation, but a key
point in this explanation is that spacetime is undergoing a transformation that started at the
Big Bang and continues today. The expansion of the proper volume of the universe is one
result of this transformation. Another result is that our standard of a unit of energy is
shrinking. A decreasing standard will make a constant amount of energy on an absolute scale
to appear to grow on our shrinking scale. New energy is not being added to the universe but
the properties of the vacuum fluctuations are changing. This will be explained in more detail in
chapters 13 and 14.

Vacuum Fluctuations and Vacuum Energy: In the remainder of this book the terms
“vacuum energy” and “vacuum fluctuations” will be used interchangeably. In both cases they
refer to the quantum mechanical model of spacetime with energy density of about 10113 J/m3.
For example, “vacuum fluctuations” implies quantum mechanical fluctuations of the vacuum
(fluctuations of spacetime) which will be described in the next section of this book. Such
fluctuations also can be described as “vacuum energy”. The reason for using two different
terms is because sometimes it is desirable to emphasize the energy characteristics and
sometimes it is desirable to emphasize the fluctuation characteristic.

In this book the terms “vacuum energy” and “vacuum fluctuations” will never imply dark
energy or the cosmological constant. These are concepts from cosmology that imply a vastly
lower energy density and a different explanation. Dark energy will be discussed in chapters 13
and 14. A model of the universe will be presented that is based on spacetime undergoing a
transformation that produces the observed increase in proper volume and other observations
without the need of dark energy.

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 4-8



Dipole Waves in Spacetime

Thus far we have talked about vacuum fluctuations and inferred that these can be considered
waves in spacetime. Now it is time to be more specific about the properties of these waves in
spacetime. Since the starting assumption of this book is that the universe is only spacetime, the
goal is to see if it is possible to prove that all particles, fields and forces are formed out of 4
dimensional spacetime. A critical step is to “invent” a model of waves in spacetime that could
possibly be the universal building block of all particles and forces. Once such a model is
postulated, it must be tested to see if it actually corresponds to reality.

If fundamental particles are ultimately confined waves in spacetime, it is necessary to look for
an explanation that incorporates waves in spacetime with characteristics that can be the basic
building block for all matter and forces. Gravitational waves do not have the necessary
properties to be both vacuum fluctuations and the basic building block of all particles and
forces. We are looking for a wave in spacetime that changes both the rate of time (distorts the
time dimension) and changes the distance between points in a way that changes proper
volume. We know from general relativity that mass affects both the rate of time and proper
volume (mass curves spacetime). Therefore, if we are trying to build matter out of waves in
spacetime, we must use waves in spacetime that possess the ability to affect both the rate of
time and the distance between two points. We must use waves that have the ability to
dynamically curve spacetime. The only wave in spacetime that can affect the rate of time and
proper volume is a hypothetical dipole wave in spacetime.

The immediate problem is that dipole waves in spacetime are forbidden by general relativity.
In standard texts on general relativity the subject of dipole waves warrants just a brief mention
because they are considered impossible. For example, perhaps the most authoritative text on
general relativity is the 1300 page tome titled “Gravitation” by Charles Misner, Kip Thorne and
John Archibald Wheeler. On page 975 of the 24t printing, dipole waves in spacetime receive a
three line mention to the effect that there can be no mass dipole radiation because the second
time derivative of the mass dipole is zero ( d= p = 0). This conclusion ultimately follows from
the conservation of momentum. The generation of dipole waves in spacetime would require the
center of mass of a closed system to accelerate in violation of the conservation of momentum.
Furthermore, if a dipole wave in spacetime somehow existed, the passage of this wave past an
electrically neutral, isolated mass would cause the center of mass to undergo an oscillating
displacement which is also a violation of the conservation of momentum. Clearly, dipole waves
in spacetime cannot exist on the macroscopic scale governed by general relativity.

However, if we are exploring the possibility of constructing the entire universe out of 4
dimensional spacetime, dipole waves in spacetime have a lot of appeal and deserve a closer
look. Matter curves spacetime therefore dipole waves in spacetime need to be considered as
the spacetime wave building block for matter. Are there any conditions where dipole waves in
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spacetime would be permitted? The answer is yes provided that the dipole waves conform to a
severe limitation. The following is the second key assumption of this book:

Second Assumption. Dipole waves in spacetime are permitted by the uncertainty principle
provided that the displacement of spacetime caused by the dipole wave does not exceed
Planck length or Planck time. This restriction will be called the “Planck length/time
limitation™.

The spacetime based model proposes that dipole waves in spacetime can exist on the scale
governed by quantum mechanics. This is to say that there are displacements of spacetime that
are so small that the displacements are below the quantum mechanical detectable limit set by
the uncertainty principle. This is analogous to the reasoning that permits virtual particle pairs
to temporarily exist provided that they are permitted by the uncertainty principle. It is
proposed that dipole waves in spacetime can exist provided that the spatial displacement of
spacetime does not exceed Planck length and the temporal displacement of spacetime does not
exceed Planck time. Like all Planck unit definitions it ignores numerical factors near 1.
Therefore, a more precise statement of this limitation might include a numerical factor near 1
that is being ignored here.

A superficial analysis of the minimum detectable change in length would use the uncertainty
principle equation: 4x4p > %A and substitute for 4p the largest possible value of momentum
uncertainty for a single quantized unit. This would be Planck momentum which is the
momentum of a hypothetical photon with Planck energy or Planck mass times the speed of
light. Using this maximum momentum for a single quantized unit the minimum value of 4x is:
Ax = L, (Planck length). However, this question of the minimum length measurement has been
given a more rigorous examination34567 that includes both quantum mechanics and general
relativity. The conclusion of all these articles is that that there is a fundamental limit to length
measurement (device independent) on the order of Planck length (Z, = 1.6 x 1035 m). A
similar analysis of time?3 has concluded that there is a fundamental minimum detectable unit
of time (difference between clocks) which is on the order of Planck time (7, = 5.4 x 10-4*s)

We will accept these conclusions and proceed assuming that a displacement of spacetime equal
to Planck length or Planck time is fundamentally undetectable. This limitation is conceptually
understandable if it is viewed as a signal to noise limitation. If the very nature of spacetime is

2 padmanabhan, T.: Limitations on the operational definition of spacetime events and quantum gravity. Class.
Quantum Grav. 4 L107 (1987)

® Garay, L. J.: Quantum gravity and minimum length. Int. J. Mod. Phys. A 10, 145-166 (1995), arXiv:gr-qc/9403008
% Baez, J. C., Olson, S. J.: Uncertainty in measurements of distance. Class. Quantum Grav. 19:14, L121-L125 (2002)
® Calmet, X., Graesser, M,. Hsu, S. D.: Minimum length from quantum mechanics and general relativity. Phys. Rev.
Lett. 93, 211101 (2004) [arXiv:hep-th/0405033v2]

® Calmet, X.: Planck length and cosmology. Mod. Phys. Lett. A 22, 2027-2034 (2007), [arXiv:0704.1360v1]

" Calmet, X.: On the precision of length measurement. Eur. Phys. J. C 54: 501-505, (2008) [arXiv:hep-
th/0701073v1]
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that there are quantum fluctuations of Planck length and Planck time, then it is quite
reasonable that it is impossible to make physical measurements below this noise limit.
Therefore, quantum mechanics permits a dipole wave in spacetime to displace a particle’s
center of mass by Planck length without violating the conservation of momentum. Similarly, a
dipole wave can displace time (the difference between clocks) at a specific location by Planck
time compared to the surrounding volume without violating any conservation requirement.
Even though the wave properties of spacetime dipole waves are undetectable, this does not
imply that spacetime dipole waves are inconsequential. It will be shown that any dipole wave
that possesses quantized angular momentum will produce detectable interactions without
revealing its wave properties.

It is proposed that vacuum fluctuations, quantum foam, zero point energy, vacuum energy, the
uncertainty principle etc. are all just different ways of describing dipole waves in spacetime
with a spatial displacement amplitude in the range of Planck length (4L ~ L,) and a temporal
displacement amplitude of Planck time (47 =~ 7,). This says that the dimensionless strain wave
amplitude for a reduced wavelength of A expressed using spatial properties and temporal
properties would be:

H=A4L/L =L,/4  strain amplitude expressed using Planck length and A
H=4T/T = Tyw strain amplitude expressed using Planck time and w

It will be shown later that this restricted strain amplitude can still achieve Planck energy
density (~10113 J/m?3) as well as achieve the energy required for electrons, quarks, photons etc.
To give a clearer description of strain amplitude, imagine a sine wave that is drawn on graph
paper. On the Y axis, the sine wave has a maximum value of +/, and a minimum value of - L.
This maximum and minimum displacement is the quantum mechanical limitation. The strain
amplitude produced by this wave at any point corresponds to the slope of this wave at that
point. The maximum slope (maximum strain amplitude) occurs when the wave crosses the
x axis (y = 0). This maximum slope is: £,/ and leads to the following corollary:

Corollary Assumption: The maximum strain amplitude permitted for a dipole wave in
spacetime is L,/ in the spatial domain and T, in the temporal domain.
Hyux =Ly /% = T,0

Symbols L, and T, Explained: We are going to interrupt the discussion of dipole waves to
insert a note on symbols. A distinction is being made between static Planck length /, and a
wave amplitude that is a Planck length oscillation of spacetime. This will be called “dynamic
Planck length” represented by the symbol Z,. The difference is that /, represents a unit of ruler
length. An example of “ruler length” is a 1 meter distance between two stationary points. This
contrasts with “dynamic length” which is a wave amplitude with dimensions of length. For
example, the dipole waves in spacetime are continuously affecting the distance between two
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stationary points by Planck length. This wave amplitude is “dynamic Planck length” and
represented by the symbol Z, This oscillation distance has units of length, but it is not the
same as ruler length. In a sense, L, in dipole waves in spacetime is similar to the 4/term in
gravitational waves.

A unit of time corresponding to Planck time has the symbol £, When the rate of time is
speeding up and slowing down in an oscillatory fashion by an amount equal to Planck time,
then the symbol 7, will be used to represent dynamic Planck time. The symbol 7}, has units of
time, but is an oscillatory displacement of time. Angular frequency w has units of s-1; therefore
Tpw is a dimensionless number that will be used extensively to express a strain wave
amplitude. The same way that stretching or compressing length represents a strain, so also
speeding up or slowing down the rate of time requires a strain of spacetime. The following
summary is provided for further clarification:

lp - means static Planck length, a distance measurement of 1.616 x 10-35 meters

Ly - means dynamic Planck length, a wave displacement of 1.616 x 10-3> meters

¢, - means Planck time, a unit of time corresponding to 5.39 x 10-*4 seconds

7, - means dynamic Planck time, a wave displacement of time of 5.39 x 10-44 seconds

What Are Dipole Waves In Spacetime? We will start the examination of dipole waves in
spacetime by making an analogy to electromagnetic dipoles. For example, a carbon monoxide
molecule has a carbon atom that is positively charged and an oxygen atom that is negatively
charged. The bond between these two atoms has similarities to a mechanical spring. When the
carbon monoxide molecule is given energy it will vibrate and emit infrared electromagnetic
radiation. This is an oscillating electromagnetic dipole emitting electromagnetic dipole
radiation. Another possibility is for the molecule to rapidly rotate around a transverse axis.
This is a rotating electromagnetic dipole which also produces infrared electromagnetic
radiation (infrared dipole radiation). Atoms and plasmas also emit electromagnetic radiation,
but the dipole characteristic of the emission is best illustrated by a polarized molecule.

In contrast to dipole emission, suppose that we had a diatomic molecule where both of the
atoms were positively charged. Oscillating or rotating this molecule would also produce
electromagnetic radiation, but at a much lower efficiency and into a different emission pattern
known as a quadrupole emission pattern. Even though quadrupole emission is different than
dipole emission, the photons produced by quadrupole emission have the same fundamental
properties as photons produced by dipole emission. Both are electromagnetic radiation with
transverse wave properties. This is where the electromagnetic analogy to dipole waves in
spacetime breaks down because waves in spacetime have a fundamental difference between
dipole waves compared to quadrupole waves (gravitational waves).
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Mass has only one polarity. It is impossible to generate dipole waves in spacetime by
oscillating or rotating two connected masses. The lowest order wave obtainable by
unsymmetrical acceleration of mass such as an oscillating ellipsoid or a rotating rod is
quadrupole gravitational waves. In either case there is no displacement of the center of mass.
To obtain dipole waves in spacetime by accelerating mass, it would be necessary to have the
center of mass of a closed system accelerate in violation of the conservation of momentum.
Another impossible alternative would require a mass that exhibited anti-gravity. A mass with
anti-gravity would be the equivalent of a negative gravitational charge and it could be
combined with an ordinary mass to form an oscillating or rotating mass dipole. This also
would hypothetically produce dipole waves in spacetime. Even though general relativity
forbids dipole waves in spacetime, they are permitted by quantum mechanics provided that
they are subject to the Planck length/time limitation. We will therefore move on and examine
the theoretical properties of these quantum mechanical dipole waves in spacetime.

Envisioning a Dipole in Spacetime: What exactly is a dipole wave in spacetime? Chapter 5
will give a more detailed description of a dipole in spacetime including figures. The following
brief description is only intended to be sufficient to allow other concepts to be introduced.

Imagine a volume of space that has flat spacetime with no vacuum fluctuations at any scale.
There is no such volume of spacetime but this concept will be used for illustration. Within this
volume the rate of time would be perfectly uniform and Euclidian geometry would perfectly
describe the geometrical characteristics. Now we will imagine this volume filled with multiple
small amplitude dipole waves in spacetime. These waves are chaotically rearranging
themselves at the speed of light. If it was possible to momentarily freeze this rearrangement,
we would find that the volume is not flat spacetime. Some locations have a slightly larger
volume than expected from Euclidian geometry and other locations have slightly less proper
volume than expected from Euclidian geometry. Perhaps most important, some locations have
a rate of time that is slightly faster than the local norm and other locations have a rate of time
that is slightly slower than the local norm. These same variations in volume and rate of time
are observed at any scale down to a minimum of Planck length. Since the maximum
displacement of spacetime is always Planck length and Planck time regardless of scale, the
strain of spacetime increases when the scale gets smaller.

In contrast, a volume filled with chaotic gravitational waves (quadrupole waves) would have
no oscillation of the rate of time and no oscillation in proper volume. There would be an effect
on the distance between points, but an increase in distance in one dimension is offset by a
decrease in distance in an orthogonal dimension so that there is no net change in volume. The
way that gravitational waves affect spacetime means that they can produce a measurable
oscillation in the distance between two points (greater than Planck length). This is a
fundamental difference between dipole waves in spacetime and gravitational waves. The wave
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properties of gravitational waves are detectable, the wave properties of dipole waves are not
detectable.

Definition of Dipole Wave in Spacetime: We need to define the term “dipole wave in
spacetime”. It will be cumbersome in the remainder of this book if it is always necessary to
keep reminding the reader that the term “dipole wave in spacetime” implies the Planck
length/time limitation. Therefore, the term “dipole wave in spacetime” will be defined as a
dynamic oscillation of both the rate of time and spatial distance between stationary points in
space. This oscillation in spacetime propagates at the speed of light and is subject to the Planck
length/time limitation. This concept will be developed further in this and the next chapter.

Planck Scale: The mention of Planck length and Planck time does not necessarily imply
“Planck scale”. The term “Planck scale” has come to imply the conditions that would exist if
particles or photons had Planck energy (£, = 1.22 x 101° GeV or 1.96 x 10° Joule). For example,
a hypothetical particle with Planck energy (Planck mass) would have the force of gravity be
comparable to the strong force or the electromagnetic force. Such a particle would have a
Compton frequency equal to Planck angular frequency which is the inverse of Planck time. The
natural unit of length of such a hypothetical particle is Planck length. All of these properties are
hypothetical because a Planck mass fundamental particle does not exist. It would be the
smallest possible black hole.

If a wave in spacetime causes the distance between two points to change by + Planck length,
the frequency of this oscillation can be much less than Planck angular frequency (~1043s1).
Similarly, a wave in spacetime can cause an oscillation in the rate of time at a frequency much
less than Planck frequency. The point is that an oscillation distortion of spacetime does not
imply Planck energy scale just because the displacement of spacetime is Planck length or
Planck time. In order to reach Planck energy, the frequency of this oscillation needs to be
Planck angular frequency (~ 10%3 s1). We will be discussing waves in spacetime which
produce Planck length/time displacements of spacetime at frequencies in the range of 1020 Hz
to 102> Hz. This is many orders of magnitude less than Planck energy and therefore does not
imply the commonly accepted definition of “Planck scale”.

“Displacement of Spacetime” Explained: In the second assumption above, the term
“displacement of spacetime” needs some explanation. Imagine that we define two points in
space separated by distance r: It would take a time period of ¢ = Zr/c to measure the
separation between these two points because this is the time required for light to make a round
trip between the two points. Suppose that the space between these two points is filled with
multiple frequencies of waves in spacetime. The frequencies with wavelengths much shorter
than distance r (frequencies w << 1/f) would not add coherently and therefore would be
minimized. However, even incoherent addition would seem to imply that occasionally the total
displacement amplitude could exceed the Planck length/time limitation for a short time.
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However, over the integration time of t = 2r/c the higher frequency components average out so
that the Planck length/time limitation is not exceeded. Furthermore, we know that virtual
particle pairs such as electron/positron pairs and virtual photon pairs are continuously coming
into existence and going out of existence. These will be discussed later and shown to have a
wave structure. The formation of these virtual particle pairs is proposed to be the mechanism
that also limits the maximum amplitude from exceeding the Planck length/time limitation.

[t is important to also understand that dipole waves in spacetime travel at the speed of light but
they do not freely propagate like photons or gravitational waves. Since dipole waves affect the
rate of time and the proper volume, they interact with each other. Here are some other
proposed properties of dipole waves in spacetime that are presented here in summary form
and explained later.
1) Every part of a dipole wave in spacetime becomes the source of a new wave (called a
wavelet).
2) These wavelets propagate in all directions.
3) The addition of wavelets tends to constructively interfere predominately in the forward
and backward propagation directions of the previously existing wavefronts.
4) These wavelets explore an infinite number of possible trajectories to achieve an
amplitude sum at any point (intensity is amplitude squared).
5) This is proposed to be the physical explanation that is being modeled by Richard
Feynman'’s path integral. These properties will be explained later.

Impedance of Spacetime

The first step in unraveling the 10120 discrepancy between the quantum mechanical model and
the general relativity model is to see if there is anything in general relativity that actually
supports the idea of a large vacuum energy density. It is proposed that an analysis of
gravitational waves indeed gives support to the quantum mechanical model of spacetime.
Gravitational waves are a form of energy that propagates at the speed of light as transverse
waves IN spacetime. They produce a dynamic distortion of 2 of the 4 dimensions of spacetime.
The distortion converts the spherical volume into an oscillating ellipsoid. One transverse axis
of the ellipsoid elongates while the orthogonal transverse axis contracts. This oscillation of the
ellipsoid produces no net change in volume from the original spherical volume and there is no
change in the rate of time.

Gravitational waves transfer energy and angular momentum. In 1993 the Nobel Prize was

awarded to Russell Hulse and Joseph Taylor for the proof that a binary neutron star system was
slowing down its rotation because it was emitting gravitational waves. The amount of slowing
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was exactly the amount predicted by general relativity. The emission of gravitational waves
produces a retarding force on the rotating binary stars, thus producing an observable slowing
of the rotation (loss of energy and angular momentum). If it was possible to reverse the
direction of these gravitational waves, the gravitational waves would return energy and
angular momentum to the binary neutron star system.

The reason that gravitational waves are introduced into a discussion about the energy density
of spacetime is that gravitational waves are propagating in spacetime. They are analogous to
sound waves propagating in an acoustic medium. The same way that the equations for sound
propagation give information about the acoustic medium, so also the gravitational wave
equations can give information about the properties of spacetime.

Zs— The Impedance of Spacetime: An analysis of gravitational wave equations has been made
in the book The Detection of Gravitational Waves® and it was found that spacetime has
characteristic impedance, just like any other acoustic medium. This impedance of spacetime is
given in this book as:

Zs =C3/G=4.038x 103> kg/s Zs= impedance of spacetime

The reasoning that led to this designation of the impedance of spacetime can be understood by
examining the general properties of waves in any form. All propagating waves involve the
movement of energy. In other words, propagating waves of any kind are a form of power.
There is a general equation that applies to waves of any kind. The most common form of this
equation relates intensity “J”, the wave amplitude A, the wave angular frequency w and the
impedance Z of the medium carrying the wave. The intensity 7 can be expressed in units of
w/m2.

J=kHw’Z
J = intensity; /= amplitude; w = angular frequency; Z= impedance;
k= adimensionless constant

We will first illustrate the use of this general equation using acoustic waves. The acoustic
impedance is: Z; = pc; where p is density and ¢; is the speed of sound in the medium (acoustic
speed). Acoustic impedance has units of kg/m?2s using SI (dimensional analysis units of
M/I?T). The amplitude of an acoustic wave is defined by the displacement of particles
oscillating in an acoustic wave. The amplitude term in acoustic equations has units of length
such as meters.

8 Blair, D. G. (ed.): The Detection of Gravitational Waves. p 45. Cambridge University Press, Cambridge New
York Port Chester (1991)
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When this equation is used for gravitational waves, the amplitude term is a dimensionless ratio
which in its simplest form can be expressed as H# = AL/L. This ratio is expressing a strain in
spacetime which can also be thought of as the maximum slope of a graph that plots
displacement versus wavelength. When the amplitude term is dimensionless strain amplitude,
then for compatibility the impedance of spacetime Z; must have dimensions of mass/time

(M/D).

Even though 7= k F?w?Z is a universal wave-amplitude equation, it can only be used if
amplitude A and impedance Z are expressed in units compatible with this equation. For
example, electromagnetic radiation is usually expressed with amplitude in units of electric field
strength and the impedance of free space Z, in units of ohms. This way of stating wave
amplitude and impedance does not have the correct units required for compatibility with the
above intensity equation. As discussed in chapter 9, there are other ways of expressing these
terms that make electromagnetic radiation compatible with this universal equation.

The intensity of gravitational waves can be complex because of nonlinearities and radiation
patterns. However, this intensity can be expressed simply if we assume plane waves and the
weak gravity limit. Using these assumptions, the gravitational wave intensity J is often
expressed as:

el
J= (E) V2H? where: v = frequency

However, this can be rearranged to yield the following equation:
J = kFfw?(€3/G) Where:

J = intensity of a gravitational plane wave

k= adimensionless constant

H = AL/L = strain amplitude where L is measurement length and 4L is the change in length
w = angular frequency

It is obvious comparing this equation to the general equation 7 = k& H?w?Z that the two
equations have the same form and that the impedance term must be: Z= ¢?/G. | have chosen to
call this the “impedance of spacetime” designated by the symbol Z

5 Wave-Amplitude Equations: Now that we are armed with the impedance of spacetime, the
equation for intensity (J) can be converted into equations that express energy density (U),
energy (E)and power (P). If we are restricted to waves propagating at the speed of light, then
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we can also convert the intensity equation into an expression of the force (%) exerted by the
wave. This conversion incorporates the equation F = P/cwhere Pis power propagating at the
speed of light. These will be called the “5 wave-amplitude equations”. These equations also
use the symbols of:

A=area (m?), V=volume (m3) and k&= dimensionless constantnear 1

5 Wave-Amplitude Equations

I=kH &?Z J = intensity (w/m?)

U=k H o?Z/c U= energy density (J/m3) (U=J/c) and U= /P=pressure
E=kH w?ZV/c E=energy (]) (E=7V/c)

P=kHw?ZA P=power (J/s) (P=J4)

F=kHw?ZA/c F=force (N) (F=JA/c)

These 5 equations will be used numerous times in the remainder of the book. It is proposed
that all energy, force and matter is derived from waves in spacetime and these 5 equations will
be used to support this contention. The amplitude term A needs further explanation. We are
presuming waves propagating at the speed of light and we are temporarily excluding
electromagnetic waves until chapter 9. This leaves gravitational waves and dipole waves in
spacetime. We need to standardize how we designate the amplitude of these waves.

For gravitational wave experiments where the wavelength is much longer than the
measurement path length (A>>L), it is acceptable to designate the strain amplitude as
H=A4L/L. However, when we are dealing with an arbitrary wavelength which might be small,
it is necessary to specify strain as the maximum slope of a graph that plots displacement versus
wavelength. This maximum slope occurs when the displacement is zero and the strain is
maximum. If we designate the maximum displacement as 4Z, and the wavelength as 4, then the
maximum strain (maximum slope) is H= 4L/A. where A = A/2m This example presumes that
we are working with a displacement of length. Gravitational waves only produce a modulation
of length in such a way that there is no modulation of volume and no modulation of the rate of
time. Therefore, gravitational waves are not subject to the Planck length/time limitation that
applies to dipole waves. As previously explained, dipole waves have a maximum spatial
displacement amplitude of 4L = L, and a maximum temporal amplitude of 47’= 7;. Therefore,
when the maximum strain amplitude Hnax of dipole waves is:

Hmax = Ly /A= w/wp = JhGw?/c®

Impedance of Spacetime from the Quantum Mechanical Model: Now that we are equipped
with the 5 wave-amplitude equations, the dipole wave hypothesis and Hmax = Lp/4, it is possible
to analyze zero point energy from a new perspective. If zero point energy is really dipole wave
fluctuations in the medium of spacetime, then it should be possible to do a calculation which
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supports this idea. For review, the quantum mechanical model of spacetime has spacetime
filled with zero point energy (quantum oscillators) with energy of E = ¥ Aw. If we are ignoring
numerical factors near 1, therefore we can consider each quantum oscillator as occupying a
volume V = A. This means that the energy density of the quantum mechanical model is
U= hw/A = hw*/c3. Now we are ready to calculate the impedance of spacetime obtained from
the quantum mechanical model using the previously obtained equation for energy density
U= H’w?Z] c. Rearranging terms we have:

Z= Uc/ H**
Set: U= hw*/C® and H= Hmax= /hGw?/c>
7=0C/G= Z

Link between QM and GR Models of Spacetime: This is a fantastic outcome! We took the
energy density of zero point energy and combined that with the strain amplitude of a dipole
wave in spacetime. When we solved for impedance we obtained ¢3/G.  This is the same
impedance of spacetime that gravitational waves experience as they propagate through
spacetime. To me, this implies that the characteristics of spacetime obtained from general
relativity agree with the quantum mechanical model of spacetime filled with zero point energy
and exhibiting energy density of 10113 J/m3. How can this be? The general relativity model
incorporates cosmological observation and sets the energy density of the universe at about 10-°

J/m3,

Actually this is an erroneous comparison. The quantum mechanical model of spacetime is
giving the homogeneous internal energy density of spacetime itself. When gravitational waves
propagate through spacetime, they are interacting with this internal structure of spacetime and
the gravitational waves experience impedance of Z = c3/G. The energy density of 10° J/m3
obtained by cosmological observation is not seeing the internal structure of spacetime with its
tremendous energy density of dipole waves. Instead, the cosmological observations are just
looking at the energy density of the hadrons, bosons and “dark energy” (discussed later). This
is not the same thing as the internal structure of spacetime. Gravitational waves can propagate
through spacetime that contains no hadrons or bosons and still experience Z = c3/ (. Assuming
that the total energy density of the universe is 10-° J/m3 is like looking only at the foam on the
surface of the ocean and ignoring all the water that makes up the ocean.

The first part of reconciling the difference between the general relativity and quantum
mechanical models of spacetime is to view the quantum mechanical model as describing the
internal structure of spacetime. Meanwhile, the general relativity model is describing the
macroscopic characteristics of spacetime and the interactions with matter.

If spacetime can propagate waves such as gravitational waves (or dipole waves), it implies that
spacetime must have elasticity. This elasticity requires the ability to store and return energy as
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the wave propagates. The medium itself must have energy density. The quantum mechanical
model of space is filled with a sea of energetic fluctuations (dipole waves). If these are
visualized as energetic waves in spacetime, then a new wave can be visualized as compressing
and expanding these preexisting waves. If this new wave causes the preexisting waves to
slightly change their frequency and dimensions as they are being compressed and expanded,
then this picture provides the necessary elasticity and energy storage to spacetime.

This might sound like a circular argument since each wave contributes to the elasticity
required by all other waves. What about the “first” wave? This subject will be discussed
further in the two cosmology chapters 13 and 14. However, it will be proposed that there was
no first wave. Spacetime came into existence already filled with these vacuum fluctuations.
Energetic waves are simply a fundamental property of spacetime. In fact, spacetime does not
have waves; spacetime IS the sea of vacuum fluctuations (waves) described by the quantum
mechanical model. Spacetime never was the quiet and smooth medium assumed by general
relativity. Therefore there never was a time when a first wave was introduced into a quiet
spacetime. This wave structure with its Planck length/time limitation can be ignored on the
macroscopic scale but spacetime has a quantum mechanical basis.

The task is not to find a mechanism that causes cancelation of this tremendous energy density.
This energy density is really present in spacetime and is necessary to give spacetime the
properties described by general relativity. Instead the focus needs to turn to finding the reason
that this high energy density is not more obvious and why it does not itself generate gravity. Is
there something about the energy in vacuum fluctuations that makes it different than the
energy in matter and photons? This question will be answered later.

Thoughts on the Impedance of Spacetime: It should be emphasized that the impedance of
spacetime is one of the few truly fundamental properties of spacetime. For example, later it
will be shown that it is possible to make a system of units that use only the properties of
spacetime. One of the three properties of spacetime used for this system of units is Z the
impedance of spacetime. In Planck units, the impedance of spacetime is equal to 1 (£ = 1).
Also, the impedance of spacetime has the following connection to other Planck terms:

Z=mywy = R/ c= po/ Ly
where: m, = Planck mass, w, = Planck frequency; #, = Planck force, p, = Planck momentum

The impedance of spacetime is intimately connected to all the Planck terms. These Planck
terms represent the limiting values of mass, force, length, momentum, etc. The impedance of
spacetime is the maximum possible value of impedance. In order for gravitational waves to
propagate at the speed of light in the medium of spacetime, the required impedance is Z.
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In chapter 3 we saw how a change in the gravitational gamma I'" affected the units of physics. It
should be noted that the impedance of spacetime Z is one of the few terms that is unaffected by
a change in I There is an analysis (not presented here) that concludes that Z must be
independent of I in order for all the laws of physics to be covariant when there is a change in
gravitational potential.

Energy Density Equals Pressure: Energy density Uis fundamentally equivalent to pressure P

when we are dealing with energy propagating at the speed of light. Even though the units look
different (J/m3 versus N/m?), in dimensional analysis notation the dimensions of both energy
density and pressure are the same: M/L7? (mass/length time2). For example, Black body
radiation inside a uniform temperature closed container has radiation pressure being exerted
on the walls and has a radiation energy density filling the container. The relationship between
energy density and pressure for black body radiation (electromagnetic radiation) is U = 3P.
The factor of 3 in a container filled with blackbody radiation is traceable to 3 spatial
dimensions. A laser with collimated electromagnetic radiation reflecting between 2 mirrors
would eliminate the factor of 3 and have U =/P. We are ignoring numerical factors near 1 in
these conceptual equations therefore we will equate U = P. The relationship between energy
density and pressure is important in cosmology because radiation pressure inside a star
prevents the star from undergoing a gravitational collapse. For example, the center of the sun
is at a temperature of roughly 15 million degrees Kelvin. At this temperature, the photon
energy density is about 3 x 1013 J/m3 and the photon pressure is about 1013 N/m?2.

The relationship between pressure and energy density in a gas or liquid is more complex. The
simplest example of the energy storage of the pressure component in a fluid can be illustrated
by the following. Imagine two helium atoms colliding in a vacuum. This collision is viewed
from the frame of reference where the atoms are initially propagating at equal speed in
opposite directions. The Kkinetic energy of each atom can be associated with a typical
temperature using the Boltzmann constant. When the atoms collide, the speed momentarily
drops to zero in this frame of reference and the temperature of each atom also momentarily
drops to zero. The kinetic energy (temperature) is temporarily converted to internal energy in
each atom resulting in a distortion of the electron cloud of each helium atom. In a high
pressure gas there are many such collisions per second. The energy associated with the
pressure of the gas can be traced to the fact that atoms in the gas spend part of the time with a
distorted electron cloud that has higher energy than an isolated atom with no distortion. A
high pressure monatomic gas has 3 energy contributions to its total energy density; 1) the
internal energy (£= mc) of the individual atoms, 2) the kinetic energy of the temperature and
3) the pressure component resulting in a distorted electron cloud.

Now we will look at the much simpler case of confined light. Even though each photon has

energy of £ = Aw, still the total energy density of the confined light is U =3P for chaotic 3
dimensional propagation such as confined black body radiation. It is proposed that the
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equivalence between energy density and pressure applies in all cases because the units are the
same (M/LT?) and the physical interpretation of these units is the same. There are a few cases
in physics where two dissimilar definitions can have the same units when expressed as length,
time and mass. For example, torque and energy both have units of ML?/72. However, it is clear
that torque is force applied through a radial length r without motion (no work). Energy is force
applied through a distance [(ML/7?)L]. The units of energy have to be interpreted as requiring
motion through a distance (work). There is never an example where a unit of torque is equal
to a unit of energy because the physical interpretation of the units is fundamentally different.
In the case of energy density and pressure, the physical interpretation is the same. It is
proposed that at the most fundamental level, energy density ALWAYS implies pressure.

It is proposed that even the energy density of a proton or electron implies pressure. It is not
possible to casually ignore the energy density of a proton and assume that since there is no
obvious container restraining the implied pressure that the equivalence between energy
density and pressure has somehow been broken. The standard model assumes that there is no
internal structure and no volume to fundamental particles. Even string theory has one
dimensional strings with no volume. Therefore, both of these require infinite energy density
which implies infinite pressure. No conceptually understandable explanation is demanded.

This book proposes a quantum mechanical model of spacetime where the energy density of
dipole waves in spacetime is 10113 J/m3 and the implied pressure is 10113 N/m2. Therefore the
picture that emerges is that the quantum mechanical model of spacetime not only has a
tremendous energy density, but it also is capable of exerting any pressure up to Planck
pressure of about 10113 N/m3. If the pressure is unequal on opposite sides of an object, then
this unequal pressure would be considered a force. Furthermore, this force could be
considered either an attractive or repulsive force depending on the direction of the object
“causing” the mysterious force. Later in this chapter it will be shown that the maximum
pressure that spacetime can exert for a particular size object is the limiting factor for the size
(radius) of a black hole. Also, all fundamental particles will be shown to possess energy density
and pressure that is stabilized by an interaction with the energy density and pressure of the
dipole waves in spacetime.

Interactive Bulk Modulus of Spacetime K;: If spacetime is visualized as the acoustic medium
which permits the propagation of gravitational waves, then this acoustic medium should have a
bulk modulus in addition to having impedance. Next we will calculate the “interactive bulk
modulus of spacetime” designated with the symbol K. The term “interactive” is used here
because it will be shown that spacetime has an unusual type of bulk modulus that is
wavelength/frequency dependent. This bulk modulus only reveals itself when there is an
interaction with a wave in spacetime.
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The bulk modulus of an acoustic medium can be thought of as the stiffness of the material. It
AP
AV/)V
volume/total volume in response to a change in pressure 42. In discussions of gravitational
waves it is often said that the reason that gravitational waves are so hard to detect is the fact
that spacetime is so stiff. Now we can quantify the stiffness of spacetime in response to a wave

with angular frequency w and reduced wavelength A.

has the dimensions of pressure. The bulk modulus of a fluid is K = which is the change in

We will start by making an analogy to a fluid contained in a cylinder with cross sectional area
A, and initial length L, This fluid is compressed by a piston also with area 4,. A force F
exerted on the piston causes the length L, of the fluid column to compress by 4L We will use
force F and 4L to obtain the elastic potential energy £.;and the elastic potential energy density
Ue given to the fluid (ignoring numerical factor k). The change in volume is designated 4V,
therefore we have:

AV/V = AodL/AoLo = AL/L,
ap Fla, P,

T avw AL/LO T ApAL
F=KA,(AL/Ly)

K A AL KA AL?
o dL: (o)

Ee]szdLZ fT 2L,

where £, = elastic potential energy (drop %)

2
AL
Uel = Ee)/V=Eea/AocLo = K (_L ) where U.;= energy density of elastic potential energy
o

Now we need to switch to a wave doing the compression rather than a piston. It will be shown
later that fundamental particles easily pass through the sea of dipole waves in spacetime
without meeting any resistance. Only waves which dynamically distort spacetime are
interacting with spacetime in a way that can sense the energy density in a volume of spacetime.
However, to make a calculation we will assume an impervious cylinder that is a half
wavelength resonant cavity. This length of the cavity can also be expressed as L, = %2 1 = kA
and we are ignoring & This means that AV/V = AL/A and U, = K(4L/A)°. We are going to
equate the elastic energy density U.;to the energy density of a wave in spacetime. If we have a
wave of energy Aw confined to a volume of &4% (ignore k), this energy density will be
designated U, = hw/A° = hc/A4* This energy density can also be obtained from one of the 5
wave-amplitude equations: U, = HPw?Z;/c.

(3 0 DO-() @) - ty of
Uy = — =3 3 ) \Z)=\3 22 U, = energy density of wh/A

(‘LTL)Z (%) =K (L;TL)Z (set U, = Ue)
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K== Ks = dynamic bulk modulus of spacetime

The name “interactive bulk modulus of spacetime” is intended to imply that waves (interactive
compression and expansion) are required for spacetime to exhibit a bulk modulus. The bulk
modulus of spacetime is unlike the bulk modulus of a normal liquid such as water. For
example, a constant pressure on water produces a constant compression (4V/Vis constant).
With spacetime the bulk modulus is dependent on frequency (wavelength). If the frequency is
zero, then the bulk modulus also is equal to zero. This is understandable when it is realized
that the vacuum fluctuations (waves) require dynamic compression resulting from the passage
of a wave in spacetime to reveal their presence. The maximum possible value of the bulk
modulus of spacetime occurs when A = L. Then the interactive bulk modulus is equal to Planck
pressure: Ky = P, = ¢/ /hG-.

Interactive Energy Density U; of Spacetime: We previously said that we can learn about the
properties of an acoustic medium by examining the acoustic properties of the medium.
Gravitational waves are waves propagating in the acoustic medium of spacetime. Therefore,
we will extend the impedance of spacetime Z and the bulk modulus of spacetime A to see if we
can obtain any further insights into how waves in spacetime interact with the energy density of
spacetime. Specifically, do waves in spacetime of different wavelength/frequency experience
different energy density?

In acoustic wave propagation there is the equation K, = G2p incorporating the acoustic bulk
modulus (A3), the acoustic speed of sound (), and the density p of the acoustic medium. For
spacetime it is possible to extract energy density by setting K; = K5, & = cand p = Uj/ ¢ where
U is interactive energy density of spacetime. While the total energy density of all frequencies
of the dipole waves in spacetime is Planck energy density, that energy density is only
experienced by waves with Planck angular frequency. Lower frequency waves interact with
the spectrum of frequencies differently. This can be calculated as follows:

Ks=cp=U
U= Fp/# = (&/6)o?

Similarity of K; and U;: The equation K; = U; = F,/A? needs to be explained. This is one of the
rare cases where two concepts can be mathematically equal but not be conceptually equivalent.

Recall that the bulk modulus of a material is defined as: K= % . Energy density is equivalent

to pressure but neither energy density nor pressure contains the ratio 4V/Vin their definition.
Therefore, the concepts of U; and K; are fundamentally different even though they are both
equal to F,/2% What this equivalency is telling us is that there is a limiting pressure (limiting
energy density) that achieves AV/V = 1. That maximum possible pressure is Ppax = Fp/A°
(Planck force over area A#?). It will be shown below that £,/4? is also the energy density of a
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black hole with radius equal to A Therefore, this black hole condition also achieves 4V/V = 1.
It is quite reasonable that the condition that achieves a black hole also achieves K; = U. This
can even be considered as conformation of the accuracy of these equations.

Importance of High Frequency Vacuum Fluctuations: A gravitational wave or dipole wave
in spacetime is compressing all harmonic oscillators (all other waves) within its volume of
influence. However, the efficiency of compression depends on the frequency mismatch. The
elasticity of spacetime depends on the frequency range being probed. A wave in spacetime
interacts most efficiently with vacuum fluctuations in the same frequency range which have
about the same energy density, pressure contribution and elasticity. However, this does not
imply that high frequency oscillations in spacetime are unimportant for relatively low
frequency waves. The energy density of the oscillators in spacetime increases proportional to
w?. Therefore, even with a bulk modulus mismatch, the high frequency fluctuations are still
important in determining the total interactive energy density of spacetime experienced by
relatively low frequency waves in spacetime. The tremendous increase in density at high
frequencies (proportional to w?) far outweighs the reduction in coupling due to the frequency
mismatch (proportional to 7/w?). The result is the (w/w,)? scaling relative to Planck energy
density: U; = (w/wp)?Up. For comparison, a single harmonic oscillator (zero point energy) at
angular frequency w has energy density of only U = (w/w,)*U, The difference between
(w/wp)? and (w/wy)* for a wave with a muon’s Compton frequency (w. = 10-20) is about a
factor of 10%°. The point is that Planck frequency harmonic oscillators (dipole waves in
spacetime) make an important contribution to the properties of spacetime at all frequencies.

Energy Density of a Black Hole: The interactive energy density U; = F,/A42 is a very large
energy density. How does this energy density compare to the energy density of a black hole
(symbol Uy;)? We will designate the black hole’s energy as £, and its classical Schwarzschild
radius as Rs. Ignoring numerical factors near 1 we have:

e () (2)-1
"R \g R3) R?

Therefore, since U; = F,/A4? and Upy, = F,/Rs it can be seen that if A = R, then U; = Upp. This
gives an insight into both black holes and the interactive energy density.

Radius of Black Holes Determined by Vacuum Pressure: We now have enough information to
begin making a connection between the characteristics of black holes and the quantum
mechanical model of spacetime. Suppose that we imagine a black hole that is predominately
made of circulating photons. These photons would be considered “confined light” and therefore
exhibit the inertia discussed in chapter 1. They also are energy propagating at the speed of
light and therefore the equivalency between energy density and pressure clearly holds. What
provides the opposing pressure to confine these photons? General relativity avoids this
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question by merely saying that we are dealing with “curved spacetime”. However, even curved
spacetime must have an underlying physical mechanism that contains (opposes) the pressure
generated by the photons. One of the objectives of this book is to conceptually explain the
underlying causality that results in the effect we call curved spacetime.

First, we will imagine two reflecting hemispherical shells confining photons at energy density
of about 3 J/m3. This photon energy density striking a reflecting surface generates pressure of
1 N/m2. To hold together the two hemispherical shells would take two opposing forces of 1
Newton times the cross sectional area of the hemispheres. Next we will imagine increasing the
photon energy density to the point that it meets the energy density of a black hole with a radius
equal to the radius of the hemispherical shells. Ignoring gravity, the force required to hold the
black hole size spherical shells together is always equal to Planck force (times a constant near
1) no matter what the radius of the spherical shells (radius of the black hole). When we include
the force of gravity, the conclusion is that spacetime is supplying pressure that is equivalent to
supplying Planck force to the hemispherical shell.

The smallest possible black hole consisting of photons would be a single photon with Plank
energy in a volume Planck length in radius. A confined photon of this energy density would
generate Planck pressure (~10113N/m?). To confine this energetic photon to the restricted
volume of a black hole, it is necessary for spacetime to be able to exert an opposing pressure of
~10113N/m?. Since gravity accomplishes the task of confining black holes, it is possible to gain
an insight into the implied properties of spacetime by looking at the size of a black hole that is
formed to contain a particular energy density.

We previously found that Uy, = F,/R and U; = F,/#°. A reduced wavelength A propagating in
spacetime is interacting with the same energy density as the energy density of a black hole with
Rs = A The point of this is to give another example of how black holes from general relativity
support the quantum mechanical model of spacetime with its large energy density/pressure.
Black holes made of photons are exerting a pressure that required the pressure of the quantum
mechanical model of spacetime to stabilize. Later it will be shown that even a black hole made
of fermions still has energy density that exerts pressure that must be offset by a pressure
exerted by the vacuum energy/pressure of spacetime. The size of a black hole is determined by
the maximum pressure that spacetime can exert over a spherical volume.

Insight into the Speed of Light: The speed of light is usually accepted as a constant of nature
and no attempt is given to try to understand what the characteristics of spacetime must be in
order for there to be a specific speed of light. In fact, if a photon is visualized like a quantized
energy particle that travels through space, then the speed of light does not appear to be derived
from the properties of spacetime.
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We are visualizing spacetime as an elastic medium with vacuum fluctuations at all frequencies
up to Planck angular frequency. Any given frequency has strain amplitude of # = L,/4 = w/w,
and energy density of U = hAw/A° = hw?/c>. We can convert one of the 5 wave-amplitude
equations into:

H?2w?Zg hw*

Propagation speed = set 2 = (L,/A)? = hGw?/c5 Zs; =3/G, and U= Il

Propagation speed = ¢

This can be viewed as just a trivial rearrangement of terms. However, the equation:
propagation speed = c¢ is intended to convey the idea that the speed for wave propagation is
“c” in a medium that has the energy density, impedance and amplitude characteristics of
spacetime. In chapters 10 and 11 we will examine the properties of a photon propagating in
the quantum mechanical model of spacetime.

Vacuum Energy and the Einstein Field Equation: There is also a similarity to the Einstein
field equation which can be considered a statement that energy density equals pressure.
Ignoring the cosmological constant, the Einstein field equation can be written as:

1Y [c* c* 1
h= () (5) G set() =moana (57) =

T = KFpGiu

The left side of this equation has 7}, which is the stress energy tensor with units of
energy/length? which is energy density. The right side of this equation has Planck force and
G which is the Einstein tensor that expresses curvature with units of: 1/length?. Therefore,
the right side of this equation is force/area = pressure. Therefore from the dimensions a valid
interpretation of this equation is that the field equation is an expression of:
energy density = kpressure. The proportionality factor is equal to Planck force times a
numerical factor near 1. In the limit of maximum curvature, Einstein’s field equation says that
Planck force is the maximum possible force in the universe. For example, two equal size black
holes exert Planck force on each other at distance rs. We normally do not associate gravity with
a pressure but later in this book gravity will be related to vacuum energy/pressure. For now,
we will merely point out that if gravity is associated with pressure, then the maximum pressure
that the universe can exert is Planck force F, from the quantum mechanical model of spacetime.
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Force

If the universe is only spacetime, and if energy is a wave in spacetime (dynamic spacetime),
then force must also be the result of a dynamic distortion of spacetime. The following
assumption can be made:

Third Assumption: There is only one fundamental force: F, = P./c. This is a repulsive force
that occurs when waves in spacetime, traveling at the speed of light, are deflected.

This single fundamental force exerted by the deflection of waves in spacetime will be called the
“relativistic force” £

F = relativistic force (force exerted by the emission, absorption or deflection of waves in
spacetime propagating at the speed of light)
P-=relativistic power (power contained in waves in spacetime that are being deflected)

The relativistic force is the only force delivered by dipole waves in spacetime. This energy
always propagates at the speed of light, even when it seems to be confined to a limited volume.
The limited volume is the result of speed of light propagation in a closed loop and interacting
with the surrounding vacuum energy (explained later). I propose that the relativistic force is
the only truly fundamental force in the universe. All other forces of nature are just different
manifestations of this force. The relativistic force is derived from the only energy in the
universe (dipole waves in spacetime).

It is a common assumption among physicists that the forces of nature were all united at the
high energy conditions that existed shortly after the Big Bang. It is true that a hypothetical
particle with Planck mass would have a gravitational force roughly comparable to the
electromagnetic force or even comparable to the strong force at short distances. According to
the commonly held view, the forces of nature separated when the universe expanded and the
energy density decreased. The implication is that today the forces of nature are fundamentally
different. Furthermore, gravity is not included in the standard model and general relativity
does not consider gravity to be a force.

Therefore, the above assumption is a radical departure from conventional thought. It is
proposed that all forces, (the strong force, the electromagnetic force, the weak force and the
gravitational force), are the result of the deflection of waves in spacetime traveling at the speed
of light. The case will be made that even today the four forces of nature (including gravity) are
still closely related.

The force F = P/cis well known as the force associated with photon pressure where Pis the
power of a beam of light. For example, the emission or absorption of 3 x 108 watts of light
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produces a force of 1 Newton. The word “deflection” is used to cover any change in
propagation. For example, even the absorption of a photon by an electron in an atom is
characterized here as an interaction between waves in spacetime that involves a deflection. In
later chapters it will be shown that the electromagnetic force, the strong nuclear force and even
the gravitational force are all the result of dipole waves in spacetime interacting and being
deflected.

Attractive Forces: The above assumption is surprising because it claims that there is only one
fundamental force and because it claims that this single fundamental force is only repulsive.
The obvious question is: How can attractive forces such as gravity, the strong force or the
electromagnetic force be the result of a single force that is only repulsive? The detailed answer
to this question requires additional information covered in subsequent chapters. However, it is
possible to give a brief introductory explanation here.

It was previously explained that vacuum fluctuations have energy density equal to Planck
energy density. From the equivalence of energy density and pressure, it follows that vacuum
fluctuations are capable of exerting a maximum pressure equal to Planck pressure
~ 10113 N/m?2. Later it will be shown that the proposed spacetime based model of fundamental
particles has a specific energy density and this requires that vacuum energy/pressure exert an
offsetting pressure to achieve stability. For example, the pressure on an isolated electron is
about 1023 N/m?2. Stated another way, an isolated electron experiences a balanced repulsive
force exerted on all sides. If the electron comes near a proton and experiences what we
consider to be a force of attraction, it will be shown that this is actually an unbalanced vacuum
pressure exerted by vacuum energy/pressure. In this model there are no exchange particles.
All action at a distance is ultimately traceable to a localized imbalance in vacuum pressure.
There are also no attractive forces. There is only an unbalanced repulsive force (unbalanced
pressure) exerted on fundamental particles by the dipole waves that are vacuum fluctuations.
The net force appears to be an attractive force between the particles. This introductory
explanation lacks many essential details that will be provided later.

Exchange Particles: The standard model uses exchange particles to transfer force. For
example, the electromagnetic force is supposedly the result of the exchange of virtual photons
between charged point particles. These virtual photons travel at the speed of light, so the
electrostatic force is commonly explained as resulting from the emission or absorption of
energy traveling at the speed of light. Therefore, the power (/) of virtual photons required to
generate a given force is also: = P/c. Similarly, gravitons are believed by many scientists to
be the exchange particle that conveys the gravitational force. ~While the spacetime based
model of the universe does not require exchange particles, the point is that gravitons
supposedly also travel at the speed of light and the force they generate would also be F=P/c.
For example, a person weighing 70 kg is supposedly being pulled towards the earth by about
200 billion watts of gravitons and this is being resisted by about 200 billion watts of virtual
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photons striking the bottom of a person’s shoes to keep the person from sinking into the Earth.
It is proposed here that gravitons and virtual photons are replaced with an equally large power
of interacting waves in spacetime.

Gluons have been ignored so far, but they are also viewed as having an explanation associated
with waves in spacetime (discussed later). The weak force has already been united with the
electromagnetic force to form the electroweak force. Therefore, in the discussion to follow, I
will concentrate on determining the relationship between the strong force, the electromagnetic
force and the gravitational force. However, a brief examination of the weak force will be made
later.

Note that I have used the terms “the strong force” and “the gravitational force”. Both of these
terms are currently out of favor among physicists. At one time “the strong force” was
commonly used to describe the force that bound protons and neutrons together in the nucleus
of an atom. Since the discovery of quarks, it was necessary to name the force that binds quarks
together and the term “the strong interaction” is now commonly used. With this change in
terminology, the force that binds protons and neutrons is now “the residual strong interaction”.
[ need a simple name for the strongest of all forces. I choose to resurrect the term “the strong
force” and redefine this as the resultant force from an interaction between quarks (wave
model) and vacuum energy (wave model) that binds quarks together.

Newton considered gravity to be a force, but general relativity considers gravity to be the result
of the geometry of spacetime. The equations of general relativity are commonly interpreted as
describing curved spacetime. However, the concept of curved spacetime does not lead to a
conceptually understandable explanation of how a force is generated when a mass is held
stationary in a gravitational field. It will be shown that gravity is a real force that is closely
related to both the electromagnetic force and the strong force. Therefore, the term “the
gravitational force” will be used even prior to offering this proof.

Fields: If the universe is only spacetime, then the following assumption can be made:

Corollary Assumption: There is only one truly fundamental field. This single field is the
dipole wave vacuum fluctuations of spacetime.

The presently accepted physics model incorporates numerous different fields. The concept of
an electric field and a magnetic field was combined into a single electromagnetic field by
Maxwell. However, this is considered separate from a gravitational field or the field of virtual
particle pairs that are continuously coming into existence and going out of existence. In
general, the 4 forces are usually associated with separate fields. Zero point energy also has the
properties of a field. This background is given because the proposal presented here is that all
these fields are just different distortions of vacuum fluctuations which have energy density of
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about 10113 J/m3. These fluctuations are dipole waves in spacetime that are exerting a
pressure. This pressure can produce a force between objects up to a maximum of Planck force
(Fp =c*/G=10% N). In later chapters additional details will be given to show how distortions
of vacuum fluctuations produce a gravitational field or an electromagnetic field.

Summary — Properties of Spacetime: In upcoming chapters we are going to attempt to
construct the universe (particles, forces and photons) using only the properties of spacetime.
Besides the standard properties of spacetime described by general relativity, it is useful to
summarize the additional properties of spacetime that we have added to our tool bag. These
additions are:

1) We have concluded that spacetime has a quantifiable impedance (Zs; = mpw, = %/ G),
bulk modulus (K5 = F,/A%) and interactive energy density (U; = F,/A?).

2) The quantum mechanical model of spacetime has a sea of high frequency, small
amplitude vacuum fluctuations at Planck energy density ~ 10113 J/m3. This model is
adopted because even the impedance of spacetime obtained from general relativity
supports this model.

3) Dipole waves are allowed to exist in spacetime but they are subject to the Planck
length/time limitation previously discussed. Vacuum fluctuations and zero point
energy are actually dipole waves in spacetime.

4) We are armed with the 5 wave-amplitude equations obtained by combining a general
wave equation with the relativistic force equation.

5) We presume that the only truly fundamental force is the relativistic force (Fz = P/c)
which is the repulsive force exerted when energy traveling at the speed of light is
deflected. The dipole waves in spacetime are always moving at the speed of light even
when they are confined to a limited volume.

6) From the equivalence of energy density and pressure, it follows that the large energy
density of vacuum fluctuations (dipole waves) is exerting an equally large vacuum
pressure.

7) Distortions of these dipole wave vacuum fluctuations are responsible for all fields

“

lementary particles represent a percentage-wise almost completely negligible change in the
locally violent conditions that characterize the vacuum...In other words, elementary particles
do not form a really basic starting point for describing nature.”

John Archibald Wheeler
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Chapter 5

Spacetime Particle Model

“Think of a particle as built out of the geometry of space; think of a particle as a
geometrodynamic excitation.”
John Archibald Wheeler

Early Wave-Particle Model: In 1926, Erwin Schrodinger originally proposed the possibility
that particles could be made entirely out of waves. However, in an exchange of letters, Henrik
Lorentz criticized the idea. Lorentz wrote,

“A wave packet can never stay together and remain confined to a small volume
in the long run. Even without dispersion, any wave packet would spread more
and more in the transverse direction, while dispersion pulls it apart in the
direction of propagation. Because of this unavoidable blurring, a wave packet
does not seem to me to be very suitable for representing things to which we
want to ascribe a rather permanent individual existence.”

Schrodinger’s idea of a wave-particle was a group of different frequency waves that, when
added together, formed a Gaussian shaped oscillating wave confined to a small volume (Fourier
transformation). Schrodinger eventually agreed with Lorentz that the waves that formed such
a “particle” would disperse. However, this initial failure should not be interpreted as
condemning all possible wave explanations for particles. For example, optical solitons are
compact pulses of laser light (waves) that propagate in nonlinear optical materials without
spreading. They exhibit particle-like properties and will be discussed later.

In this chapter a model of a fundamental particle will be proposed made entirely out of a dipole
wave in spacetime. Even though this model gives a structure and physical size to an isolated
fundamental particle, the reader is asked to reserve judgment about this model until it can be
fully explained. Even though the spacetime based model of a fundamental particle has waves
with physical size, this model will be shown to be consistent with experiments that indicate no
detectable size in collision experiments. Also the spacetime based model explains how an
electron can increase its size and form a cloud-like distribution under the boundary conditions
of a bound electron in an atom.

Brief Summary of the Cosmological Model: We will start with a brief description of the
cosmological model proposed to be compatible with the starting assumption. The cosmological
model is covered in detail in chapters 13 and 14. If the universe is only spacetime today, it
must have always been only spacetime. The highest energy density that spacetime can support
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is Planck energy density (~ 10113 J/m3). One point of possible confusion is that this is also the
current energy density of the vacuum energy in the universe. However, there are some key
differences involving spin and the rate of time that distinguish the conditions at the start of the
Big Bang from the conditions that exist today in vacuum energy. These differences are
explained in chapter 13, but one easy to understand difference is that vacuum energy in the
current universe lacks quantized spin. Vacuum energy can be said to have a temperature of
absolute zero because it lacks any quantized units and temperature is defined as energy per
quantized unit. The same energy density at the start of the Big Bang was in the form of 100%
quantized spin units. The energy per quantized unit was equal to Planck energy and therefore
the temperature at the start of the Big Bang was equal to Planck temperature.

Even though 1013 J/m3 is an incredibly large number, it is not a singularity which would be
infinite energy density. For spacetime to reach Planck energy density (U,) spacetime must
have dipole waves at the highest possible frequency (w, = Planck frequency) and the largest
possible amplitude (4 = 1).

U=HuwZ/c setH=1 w=w,=+c’/MG=19x10%s!1 7=7,=3/CG
7

=hC? ~ 4.6 x 10113 ] /m3 = Planck energy density
These waves are still subject to the Planck length/time limitation but at this frequency a
displacement of Planck length and Planck time achieves Planck energy density U, Spacetime at
this highest possible energy density and with maximum quantized spin will be called “Planck
spacetime”.

In order for this starting condition to be capable of evolving into the present universe, one
additional characteristic of Planck spacetime is required. The dipole waves that form Planck
spacetime must be divided into quantized units with each unit possessing angular momentum
of A Therefore 100 % of the energy in Planck spacetime possessed quantized angular
momentum. If we jump forward in time, today only about 1 part in 10122 of the total energy in
the universe (including vacuum energy) possesses quantized angular momentum of 4 or % A.
Furthermore, this fraction is continuously decreasing because of the cosmic redshift and
another characteristic described later. All the fundamental particles and forces that we can
detect are the 1 part in 10122 that possesses quantized angular momentum. The vastly larger
energy in the universe is the sea of vacuum fluctuations (dipole waves in spacetime) that does
not possess angular momentum. The only hint we have that this vast energy density exists is
the quantum mechanical effects such as the Lamb shift, Casimir effect, vacuum polarization, the
uncertainty principle, etc. However, it will be shown that this sea of vacuum fluctuations is
essential for the existence of fundamental particles and forces.

Vacuum Energy Has Superfluid Properties: If we are going to be developing a model of
fundamental particles incorporating waves in spacetime, it is important to understand the
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properties of the medium supporting the wave. In the last chapter we enumerated many
properties of spacetime. The point was made that the properties of vacuum fluctuations are an
integral part of the properties of spacetime. However, one property of vacuum energy was
intentionally saved for this chapter because it is particularly important in the explanation of
fundamental particles formed out of waves in spacetime.

It is proposed that vacuum energy has the property that it does not possess angular
momentum. Any angular momentum present in the midst of the sea of vacuum energy is
isolated into units that possess quantized angular momentum. These quantized angular
momentum units have different properties than vacuum energy.

This concept is easiest to explain by making an analogy to superfluid liquid helium or a Bose-
Einstein condensate. When the helium isotope “He is cooled to about 2° K, it changes its
properties and partly becomes a superfluid. Cooling the liquid further increases the percentage
of the helium atoms that are in the superfluid state. Cooling some other atoms to a
temperature very close to absolute zero changes their properties and a large fraction of these
atoms can occupy the lowest quantum state and exhibit superfluid properties. This is a Bose-
Einstein condensate. Since superfluid liquid helium is a special case of a Bose-Einstein
condensate, they will be discussed together.

When a group of atoms occupy a single quantum state, the group must exhibit quantized spin
on a macroscopic scale. The quarks and electrons that form atoms individually are fermions.
However, a Bose-Einstein condensate or superfluid #He exhibits quantized spin on a
macroscopic scale. The group of fundamental particles can possess either zero spin or an
integer multiple of spin units related to 4. If we have a group of atoms in a Bose-Einstein
condensate and we introduce angular momentum (“stir” the condensate), then we can form
“quantized vortices” that possess quantized angular momentum within the larger volume of
Bose-Einstein condensate that does not possess macroscopic angular momentum. Therefore a
quantum vortex is a group of atoms that has a different angular momentum quantum state
(different spin) than the larger group of surrounding atoms that forms the superfluid “He or
Bose-Einstein condensate. This effect was first discovered with superfluid liquid helium?.
Dramatic pictures are also available of multiple quantum vortices in a Bose-Einstein
condensate?3,

L E.J. Yarmchuk, M.J. Gordon and R.E. Packard, Observation of stationary vortex arrays in rotating superfluid
helium, Phys. Rev. Lett. 43, 214-217 (1979)

2K, W. Madison, F. Chevy, W. Wohlleben and J. Dalibard, Vortex lattices in a stirred Bose-Einstein
condensate cond-mat/0004037[e-print arXiv].

®lonut Danaila, Three-dimensional vortex structure of a fast rotating Bose-Einstein condensate with
harmonic-plus-quartic confinement, http://arxiv.org/pdf/cond-mat/0503122.pdf

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 5-3



It is proposed that the quantum fluctuations of spacetime are a Lorenz invariant “fluid” that is
the most ideal superfluid possible. Unlike the fundamental particles (fermions) that form a
Bose-Einstein condensate, the vacuum fluctuations do not possess any quantized angular
momentum. However, vacuum fluctuations are similar to a superfluid or Bose-Einstein
condensate because it isolates angular momentum into quantized units. These quantized
angular momentum units that exist within vacuum energy are proposed to be the fermions and
bosons of our universe. The same way that the quantized vortices cannot exist without the
surrounding superfluid, so also the fermions and bosons cannot exist without being
surrounded by a sea of vacuum energy.

The total angular momentum present in the quantum fluctuations of spacetime at the start of
the Big Bang probably added up to zero. However, even though counter rotating angular
momentum can cancel, still there should be offsetting effects that should statistically preserve
the quantized angular momentum units from the Big Bang to today (calculated in chapter 13).
Dipole waves in spacetime that possess angular momentum would not be the same as the
dipole waves that form vacuum fluctuations. A unit that possesses quantized angular
momentum loses its ideal superfluid properties because it can interact with another unit of
energy that possesses quantized angular momentum (for example, exchange angular
momentum).

Spacetime Eddy in a Sea of Vacuum Energy: It is proposed that what we consider to be the
fundamental particles today (quarks and leptons) are the spacetime equivalent of the vortices
that carry quantized angular momentum in a superfluid. However, the quantized angular
momentum entities are better visualized as chaotic eddies that exists in the vacuum
fluctuations of spacetime. We can only directly interact with the dipole waves in spacetime that
possess quantized angular momentum. We are unaware of the vast amount of superfluid
vacuum energy that surrounds us because it only indirectly has any influence on us.

In the spacetime based model of the universe, fundamental particles are dipole waves in
spacetime that possess quantized angular momentum. They are living in a sea of
superfluid vacuum fluctuations that cannot possess angular momentum. Fundamental
particles cannot exist without the support provided by this sea of superfluid vacuum
fluctuations.

Rotar: The simplest form of quantized angular momentum that can exist in a sea of dipole
waves in spacetime would be a rotating dipole wave that forms a closed loop that is one
wavelength in circumference. A dipole wave in spacetime is always propagating at the speed of
light, even if it forms a closed loop. This rotating dipole wave in spacetime is still subject to the
Planck length/time limitation, so it can be thought of as being at the limit of causality. Its
rotation is chaotic rather than being in a single plane. It has a definable angular momentum,
but all rotation directions are permitted with different probabilities of observation. (The exact
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opposite of the expectation direction has zero probability). Therefore, the proposed model of
an isolated fundamental particle is a dipole wave in spacetime that forms a rotating closed loop
that is one wavelength in circumference.

This obviously is a drastic departure from the standard definition of the word “particle”. The
standard model of a fundamental particle is a mass that has no discernible physical size, but
somehow exhibits wave properties, angular momentum and inertia. It is an axiom of quantum
mechanics that the § function has no physical interpretation. This vagueness will be replaced
with a tangible physical model that explains many of the properties exhibited by fundamental
particles. A new name is required to distinguish between the standard concept of a
fundamental particle and the proposed model of a rotating dipole wave in spacetime. The new
name will be: “rotar”. It is with great reluctance that a new word is coined, but this is
necessary for clarity and brevity in the remainder of this book.

The name rotar refers specifically to the spacetime dipole model of a fundamental particle that
exhibits rest mass. This model, and its variations, is described in detail later. Objects without
rest mass, such as a photon, have a different model and are not covered by the term “rotar”.
There will be a spacetime model of a photon, but that will be introduced later. The word
“particle” will be used whenever the common definition of a particle is appropriate or when it
is not necessary to specifically refer to the spacetime particle model. For example, the name
“particle accelerator” does not need to be changed. Even the term “fundamental particle” will
occasionally be used in the remainder of this book when the emphasis is on distinguishing a
quark or lepton from composite objects such as hadrons or molecules.

Trial and Error: It is proposed that the Big Bang started with spacetime being in the most
energetic form possible in the sense that all of the energy was “observable” because all the
dipole waves in spacetime initially possessed quantized angular momentum. Today, almost all
the energy in the universe is in the form of vacuum fluctuations which do not possess angular
momentum. These vacuum fluctuations are not “observable” except through quantum
mechanical interactions such as virtual particle formation and annihilation. It will be shown in
the chapters on cosmology that it is possible to extrapolate backwards from the current
universe to the condition that existed when the universe was in its most primitive form at an
age of one unit of Planck time (~5 x 1044 s). This extrapolation will indicate that the density of
quantized spin in the universe today is the amount that would be expected if there was
approximately no loss of quantized spin units. The lower density of quantized spin units today
is due to the expansion of the proper volume of the universe. This statement should not be
confused with the today’s energy per quantized spin unit. Today almost all the quantized spin
in the universe is in the form of cosmic microwave background (CMB) photons and neutrinos.
The spin contained in other leptons and quarks is less than one part in 108 compared to CMB
photons and neutrinos.
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The angular momentum present in today’s rotars was present at the Big Bang. However, this
angular momentum is always trying to find the most stable form. The early universe was
radiation dominated but energetic photons can combine to form matter/antimatter pairs.
However, there is a slight preference for matter (about one part in a billion). As the early
universe expanded (transformed), the chaotic dipole waves in spacetime explored every
allowed combination of frequency and amplitude in an effort to find a suitable form to hold the
unwanted angular momentum. By trial and error, relatively long lived spacetime resonances
were found that both held quantized angular momentum and also were compatible with the
properties of the vacuum energy dipole waves in spacetime. These spacetime resonances are
proposed to be the fundamental particles (fundamental rotars). It will be shown later that the
fundamental rotars are resonances that have frequencies between about 1020 and 102> Hz.

In the proposed early stages of the Big Bang, the most energetic spacetime particles (rotars)
formed first. For example, tauons (tau leptons) formed before muons. These were partially
stable resonances. They survived for perhaps 101! cycles, but not indefinitely. They then
decayed into other energetic rotars and photons. The radiation dominated universe was
undergoing a large redshift per second. Energy was being removed from photons and
transformed into vacuum energy. This lowered the temperature of the observable portion of
the universe that possesses angular momentum (photons, neutrinos and rotars). Eventually,
other fundamental spacetime resonances (rotars) were formed at lower frequencies (lower
energy). Eventually, truly stable resonances formed and these were electrons and the up and
down quarks that found stability by forming protons and neutrons.

Wave-Particle Duality: Before launching into a more detailed description and analysis of a
rotar, it is interesting to initially stand back and look at the philosophical difference in
perspective required to imagine a particle made entirely of dipole waves in spacetime waves.
At first, the idea of a particle made out of waves in spacetime seems to be intuitively
unappealing. The essence of a particle is something that acts as a unit. Waves, on the other
hand, are imagined to be infinitely divisible, perhaps like a sound wave. When a particle
undergoes a collision, it responds as a single unit in a collision. This property seems
incompatible with a rotar made entirely of waves. The term “wave-particle duality” was coined
to “explain” the contradictory properties of both particles and photons.

Below, I will postulate a new property of nature called “unity”. This property is closely related
to entanglement. It permits a dipole wave possessing quantized angular momentum to
communicate internally faster than the speed of light and respond to a perturbation as a single
unit. This property would impart a “particle like” property to a quantized dipole wave in
spacetime. However, the quantized wave would not exhibit classical particle properties.
“Finding” the particle would become a probabilistic event because we are really dealing with
interacting with a wave carrying quantized angular momentum that is distributed over a finite
volume. A point particle cannot exhibit angular momentum or cannot explore all possible
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paths between two events in spacetime. On the other hand, a quantized wave in spacetime can
exhibit both angular momentum and give a physical interpretation to the path integral of QED.
There is actually a great deal of appeal to fundamental particles being made of quantized waves
in spacetime, provided that the model is plausible.

An objection to a rotar model made entirely of waves is that our experience with light seems to
imply that waves do not interact with each other. Light does have a very weak gravitational
interaction, but overall light waves exhibit almost no interaction. The waves in spacetime that
are proposed to be the building blocks of all matter and forces must be able to interact with
each other.

Any wave that exhibits nonlinearity will interact to some degree with a similar wave. For
example, sound waves have a slight nonlinearity. There is a temperature difference between
the compression and rarefaction parts of a sound wave. This slight temperature difference
produces a slight periodic difference in the speed of sound. This slight nonlinearity in a single
sound wave means that two superimposed sound waves do interact. However, at commonly
encountered sound intensities, the interaction between two sound waves is very small.

Gravitational waves also have a slight interaction because general relativity shows that
gravitational waves are nonlinear. One of the appeals of dipole waves in spacetime is that they
exhibit the required ability to interact with each other. In fact, dipole waves interact so
strongly that they would cause a violation of the conservation of momentum without the
quantum mechanical Planck length/time limitation previously discussed. The interactions
between dipole waves in spacetime will be shown to be responsible for all the forces including
gravity.

Spacetime is the stiffest possible medium. The incredibly large impedance of spacetime
(Zs=7/G = 4 x 103 kg/s) permits a wave with small displacement to have the very high
energy density for a given frequency. When we have frequencies in excess of 1020 Hz, then
waves in spacetime are capable of achieving the energy density of fundamental particles. When
we permit the frequency to reach Planck frequency, we can achieve the energy density
required at the start of the Big Bang (Planck energy density). Also, a universe made only of
spacetime and perturbations of spacetime has an appealing simplicity.

Particle Design Criteria: Everything that has previously been said in this book has set the
stage for the task of attempting to design and analyze a plausible model of a fundamental rotar.
In designing a rotar from dipole waves in spacetime, there is one factor that will be temporarily
ignored. This is the experimental evidence that seems to indicate that fundamental particles
are points with no physical size. This will be analyzed later.
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It should be expected that the first model of fundamental particles will be overly simplified.
For example, this first generation rotar model will make no distinction between leptons and
quarks. Subsequent generations of the rotar model should make such a distinction and exhibit
other refinements. The hope is that the first generation rotar model will pass enough
plausibility tests that others will be encouraged to improve on this model.

There are 6 considerations that will be brought together in an attempt to design a fundamental
particle. These are:

1) The universe is only spacetime. Energetic spacetime is spacetime that contains waves
in spacetime. The waves can be dipole waves (with the Planck length/time limitation),
quadrupole waves (for example, gravitational waves) or higher order waves. Of these,
only dipole waves in spacetime have the proper characteristics to be the building blocks
of rotars.

2) The rotar model should exhibit inertia. As shown in chapter 1, this requires energy
traveling at the speed of light, but confined to a limited volume in a way that the
momentum vectors generally cancel.

3) The rotar model should exhibit angular momentum. This will be interpreted as
implying a circulation (rotation) of the dipole waves in spacetime. Furthermore, there
should be a logical reason why fundamental rotars with different energy all possess the
same angular momentum.

4) The rotar model should exhibit de Broglie waves when moving relative to an observer.
This implies bidirectional wave motion, at least in the “external volume”. The frequency
of the confined dipole waves in spacetime can be calculated by analogy to the de Broglie
waves generated by confined light described in chapter 1.

5) The rotar model should exhibit action at a distance without resorting to mysterious
exchange particles. Both gravity and an electric field should logically follow from the
rotar design. To accomplish this, part of the rotar’s dipole wave in spacetime must
extend into what we regard as empty space surrounding the rotar.

6) The rotar model should logically explain how it is possible for particles to explore all
possible paths between two events in spacetime (path integral of QED).

Note to Reader: T7he rest of this chapter presents the spacetime-based model of a fundamental
particle. In these 11 pages the emphasis will be on describing the particle model and there will
be no attempt to justily this model. This spacetime-based particle model will include unfamiliar
concepts that may be difficult to initially visualize. Chapters 6, 8 and 10 are devoted to testing
this particle model. For example, chapter 6 will subject the particle model to tests of its angular
momentum, inertia, energy and the generation of forces (including gravity). These tests will
also help to explain the model further.
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Particle Model

Fourth Starting Assumption: A fundamental particle is a dipole wave in spacetime that
forms a rotating spacetime dipole, one wavelength in circumference. Inertia is a natural
property of this particle design.

A rotating dipole in spacetime can be mentally thought of as a dipole wave in spacetime that
has been formed into a closed loop, one wavelength in circumference. Recall that a dipole wave
in spacetime oscillates both the rate of time and proper volume. For example, one portion of
the wave, which we will name the spatial maximum, expands proper volume and slows the rate
of time. The opposite portion of the wave, which we will name the spatial minimum has a
reduction of proper volume and an increased rate of time. If a dipole wave in spacetime
possesses quantized angular momentum, it forms a closed loop that is one wavelength in
circumference. What was the spatial maximum and minimum in a plane wave have now
become the two opposite polarity lobes of the rotating dipole wave. The wave is still traveling
at the speed of light; it is just traveling at the speed of light around a closed loop. Such a wave
is confined energy traveling at the speed of light. While there is angular momentum, the net
translational momentum of this quantized wave is zero (p = 0 because of opposing vectors).
Therefore, just like confined light or confined gravitational waves, a dipole wave rotating at the
speed of light satisfies the condition required for it to exhibit rest mass and inertia.

This rotating dipole must be pictured as an isolated rotating dipole wave existing in a sea of
vacuum energy/pressure that consists of other non-rotating dipole waves in spacetime. This
vacuum energy/pressure is capable of exerting a far greater pressure than is required to
confine the energy density of a rotar. For now the important point is that a rotar (rotating
spacetime dipole) can achieve stability by interacting with the sea of vacuum energy that
surrounds the rotar. The quantized rotating disturbance can effortlessly move through the
superfluid vacuum energy.

Illustrations of a Rotar: Figures 5-1 and 5-2 are two different ways of depicting the rotating
dipole portion of the rotar model. The spacetime dipole depicted in Figure 5-1 shows two
diffuse lobes representing strained volumes of spacetime that are rotating in the sea of vacuum
energy. These lobes are designated “dipole lobe A” and “dipole lobe B”. Each lobe exhibits both
a slight spatial and a temporal distortion of spacetime. For example, lobe A can be considered
the lobe that exhibits a proper volume slightly larger than the Euclidian norm (the spatial
maximum lobe) and a rate of time that is slightly slower than the local norm. Lobe B has the
opposite characteristics (smaller proper volume and faster rate of time). These lobes are
always moving at the speed of light, so it is only possible to infer their effect on time or space by
wave amplitudes. Also, the rotar model extends beyond the volume shown, but that portion is
not illustrated here.
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Imaginary boundary of rotating dipole

Lobe A (Slow Time)

Rotating dipole lobes

Rotation Direction

FIGURE 5-1 Depiction of the Rotar Model Emphasizing the Rotating Lobes
This is a rotating spacetime dipole that is one wavelength in circumference.

Lobe A (Slow Time)

Imaginary boundary (Radius Rg)

Grav Volume

Rotating Time gradient Vector

Rotation Direction

FIGURE 5-2 Depiction of the Rotar Model Emphasizing the
Rotating Time Gradient Called a“Grav Field”
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Quantum Radius and Quantum Volume: This cross sectional view in Figure 5-1 shows a
circle with radius designated Rq. This radius will be called the rotar’s “quantum radius”. The
circle and radius Rq should not be considered as physical entities. Instead, they should be
considered as convenient mathematical references for a rotar. This is similar to the way that
the center of mass is a convenient mathematical concept for mechanical analysis.

Since the dipole lobes are quantum mechanical entities, they cannot be accurately described by
pictures. While figure 5-1 depicts a rotation in a single plane, the intended representation is a
semi-chaotic rotation that has an expectation direction of rotation, but also other planes of
rotation occur with a probabilistic distribution. This distribution is the same as quantum
mechanical spin characteristics of a particle. Because of the semi-chaotic rotation
characteristics, the circle depicted in Figure 5-1 should be considered the cross section of an
imaginary sphere. The volume of this imaginary sphere will be designated the “quantum
volume V/;”. While this volume should be (*/3) 7 R, often we are dropping numerical factors
near 1 in this plausibility study, so the quantum volume will be considered V; ~ R,

An additional insight into figure 5-1 can be obtained by making a comparison to the TEMq1*
Laguerre-Gauss mode of a laser beam which is also known as the “doughnut” mode. While a
laser beam is propagating at the speed of light and the rotar being modeled is generally
stationary, there are 4 points of similarity. 1) The spatial and temporal fluctuation of spacetime
being depicted has a similar intensity doughnut distribution in cross section. There is zero
intensity at the center. 2) The center contains all phases so that there is a phase singularity at
the center where there is zero intensity. 3) The TEMo1* mode exhibits quantized orbital angular
momentum. 4) The wave goes through an angular rotation where the rotation rate equals the
photon’s angular frequency.

In figure 5-1 there is also a circle designated “imaginary boundary of the rotating dipole”. This
circle with radius equal to the quantum radius R, will be called the “quantum circle”. Later we
will imagine what would happen if it was possible to measure the rate of time at a point on this
circle or measure the distance between two points on this circle. The rotation of the lobes
affects both the rate of time and the distance between points on this circle.

Rotating Rate of Time Gradient: The presence of these lobes also implies that there is a
gradient in the rate of time and a gradient in proper volume between these lobes (and even
outside these lobes). If lobe A has a rate of time that is slower than the local norm and lobe B
has a rate of time that is faster than the local norm, then this implies that the rotar model also
contains a volume of space with a gradient in the rate of time that is rotating with the lobes.
Any gradient in the rate of time produces acceleration. In chapter 2 we showed that the
acceleration of gravity was directly related to the gradient in the rate of time:
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For example, a 1 m/s? acceleration is produced by a rate of time gradient of: 1.11 x 10-17
seconds/second per meter. The rate of time gradient in the rotar model therefore produces a
volume of spacetime that exhibits acceleration similar to gravity but there are also important
differences explained below.

Figure 5-2 is intended to illustrate the rotating rate of time gradient present in the rotar model.
In figure 5-2 the lobes A and B have been replaced with a dashed outline showing their
approximate location. Instead of illustrating the lobes, figure 5-2 shows the rate of time
gradient that exists between the lobes. (Only the rate of time gradient inside the quantum
volume is shown). The arrows show the direction (vector) of the rate of time gradient and the
length of the arrows is a crude representation of the amount of rate of time gradient. The
direction of the rate of time gradient rotates with the lobes, so Figure 5-2 should be considered
as depicting a moment in time.

It is also possible to make a laser mode analogy to figure 5-2. This is similar to a TEMoo
Hermite-Gauss mode with circularly polarized light. The rotating electric field of the circularly
polarized light is analogous to the rotating gradient in the rate of time depicted in figure 5-2.
Also the intensity of the TEMoo mode is maximum at the center and this is analogous to the
maximum intensity of the rate of time gradient at the center being depicted in figure 5-2. One
place that this analogy breaks down is that adding together a TEM oo mode and a TEM o1* mode
would produce interference effects in laser beams while the phenomenon being depicted in
figures 5-1 and 5-2 not only produce no interference but they are naturally compatible. One
follows from the other.

Rotating “Grav” Field: A new name is required to describe this rotating acceleration field
caused by the rotating rate of time gradient illustrated in figure 5-2. The name “grav field” will
be used to describe this rotating rate of time field. It will be shown later that this is a first order
effect capable of exerting a force comparable to the maximum force of a rotar. However this
force vector is rapidly rotating therefore we are not aware of its effect. The gravity produced
by a rotar is a vastly weaker force. However, the gravity vector is not rotating and therefore it
is additive. This “grav field” filling the center of the quantum volume will be shown to have an
energy density comparable to the energy density of the rotating dipole wave which is
concentrated closer to the circumference of the quantum volume. Therefore, the two different
types of energetic spacetime approximately fill the entire quantum volume with an
approximately uniform total energy density.

Lobe A as described above produces an effect in spacetime that is similar to the effect on
spacetime produced by ordinary mass (minute slowing in the rate of time and minute increase
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in volume). Lobe B, on the other hand, produces an effect that is similar to the effect of a
hypothetical anti-gravity mass. It produces a minute increase in the rate of time relative to the
local norm and a minute decrease in volume. In lobe B, the minute increase in the rate of time
never reaches the rate of time that would occur in a hypothetical empty universe. This will be
discussed later, but it will be proposed that the entire universe has a background gravitational
gamma [ that results in the entire universe having a rate of time that is slower than a
hypothetical empty universe. It is therefore possible for lobe B to have a rate of time that is
faster than the surrounding spacetime without having a rate of time faster than a hypothetical
empty universe.

Compton Frequency: We will return to figures later, but first we want to calculate the
rotational frequency of the rotating dipole. If we presume that a rotar is a confined wave
traveling at the speed of light, it is necessary to assign a frequency to this wave. Is it possible
to obtain an implied frequency from a particle’s de Broglie wave characteristics? In chapter #1
we showed that confined light exhibits many properties of a particle. These include the
appearance of the optical equivalent of de Broglie waves when the confined light is moving
relative to an observer. If we were only able to detect the optical de Broglie waves present in a
moving laser, it would be possible to calculate the frequency of the light in the moving laser.
Similarly, we can attempt to calculate a rotar’s frequency from its de Broglie waves. We know a
particle’s de Broglie wavelength (1 = A/mv) and the de Broglie wave’s phase velocity
(wq= 2/v). From these we obtain the following angular frequency w.

v wy (cz) (mv) mc? ¢
=—=|—])|—])= v = frequenc
d ™ 4 v/ \h h quency
W = 27TV, = 2mmc? _ mc? w
o da — h " h ¢
mc? c E;
W= W w: = Compton angular frequency =——= — = —
h Ry N

This calculation says that a rotar’s angular frequency is equal to a rotar’s Compton angular
frequency w.. We will presume that this is a rotar’s fundamental frequency of rotation. While
the de Broglie wavelength and phase velocity depend on relative velocity, the velocity terms
cancel in the above equation yielding a fundamental frequency (Compton frequency) that is
independent of relative motion. The reasoning in this calculation can be conceptually
understood by analogy to the example in chapter 1 of the bidirectional waves in the moving
laser.

A rotar’s Compton wavelength will be designated A.. The connection between a rotar’s
Compton wavelength and de Broglie wavelength is very simple.

Ae= Aa (v/c) approximation valid for r<< ¢
Ae= Aay approximation valid for y>> 1
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The simplicity of these equations show the intimate relationship between a rotar’s de Broglie
wavelength and Compton wavelength. For another example, imagine a generic “particle” that
might be a composite particle such as an atom or molecule. This “particle” is at rest in our
frame of reference. Suppose that this particle emits a photon of wavelength A,. This photon
has momentum p = A/4,. Therefore the emission of this photon imparts the same magnitude of
momentum to the emitting particle but in the opposite vector direction (recoil). Now, the
particle is moving relative to our frame of reference. What is the de Broglie wavelength of the
recoiling particle in our frame of reference?

Aa=h/p set p =h/4,
jd = ﬂy

Therefore, we obtain the very interesting result that the de Broglie wavelength of the recoiling
particle equals the wavelength of the emitted photon. In Appendix A of chapter 1 it was proven
that a confined photon with a specific energy exhibits the same inertia as a fundamental
particle with the same energy. Another way of saying this is that a particle with de Broglie
wavelength A; exhibits the same inertia as a confined photon with the same wavelength.
Furthermore, in chapter 1 we saw the similarity between de Broglie waves with wavelength A4
and the propagating interference patterns with modulation wavelength A, Imparting
momentum p = h/A, to either a fundamental particle with Compton wavelength A. or a
confined photon with the same wavelength will produce the result: s = A,, = 4,. Therefore, it
is proposed that this offers additional support to the contention that fundamental particles are
composed of a confined wave in spacetime with a wavelength equal to the particle’s Compton
wavelength Ac.

In the remainder of this book we will often use an electron in numerous examples. An electron
has the following Compton frequency, Compton angular frequency and Compton wavelength:

Electron’s Compton frequency v.= 1.24 x 1020 Hz

Electron’s Compton angular frequency w. =2mv.=7.76 x 1020 51
Electron’s Compton wavelength 4. = 2.43 x 10-12 m

Electron’s reduced Compton wavelength A.=3.86 x 1013 m (Ac = c/w.)

Quantum Radius: Once we know the frequency of rotation, we can calculate the quantum
radius Ry of the rotating dipole assuming speed of light motion. The “quantum circle” in Figure
5-1 is an imaginary circle with a circumference one Compton wavelength. The radius of the
circle one Compton wavelength in circumference is the “quantum radius R;".

Ry =c/w.=h/mc=A/2m =Ac
where R, = quantum radius, A-= Compton wavelength A- = reduced Compton wavelength
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What I call the “quantum radius” has sometimes been referred to as the “Compton radius”.
However, the term “Compton radius” is also used to describe a charged particle’s classical
radius, for example, an electron’s classical radius (~ 2.82 x 10-1> m). Therefore, to avoid this
confusion, I will use the term “quantum radius” R, to describe 4/mc For example, the quantum
radius of an electron is R, = 3.86 x 10-13 meters.

In quantum mechanics, this distance R, is the logical division where a particle’s quantum
effects become dominant. For example, a fundamental particle of mass m can move
discontinuously over a distance R, A particle can go out of existence, or come into existence,
for a time equal to R,/c. Essentially, the distance &;is a rotar’s natural unit of length and 7/w.
is a rotar’s natural unit of time.

Analysis of the Lobes: Suppose that it was possible to freeze the motion of the rotating dipole
and examine the difference between the two lobes. The slow time lobe (lobe A) can be thought
of as having a proper volume that exceeds the anticipated Euclidian volume as previously
explained. The fast time lobe (lobe B) can be thought of as having less proper volume than the
anticipated Euclidian volume (the spatial minimum lobe). This connection between volume
and the rate of time is well established for the effects of gravity. However, gravity is a static
effect on spacetime. This effect on space produced by a rotar’s dipole wave in spacetime
results in the distance between two points on the quantum circle changing slightly as the dipole
rotates. Similarly, if it was possible to freeze the rotation we would find a different rate of time
between the two lobes. Since the lobes are always moving at the speed of light, the effect is that
the rate of time fluctuates at a point on the quantum circle (radius = R;) and the distance
between two points on the quantum circle also fluctuates.

All quantized dipole waves have maximum spatial displacement amplitude equal to + Planck
length (£ L,) as the quantum dipole rotates. To illustrate this concept, imagine two points
located on the quantum circle of Figure 5-1 separated by a circumferential distance equal to £y
(separated by one radian). As the lobes rotate they modulate volume and result in the
separation distance between these two points increasing and decreasing by Planck length
(£ Lp). Figure 5-3 is a graph of the spatial effect produced by the rotating spacetime dipole. In
figure 5-3 the Y axis is the spatial displacement produced by the rotating dipole between these
two points (+ L,). The X axis is length in units of A which is the same as &, since (B = #A.). It
should be noted that the Y axis is about a factor of 1023 smaller scale than the X axis if we
presume that A. is an electron’s reduced Compton wavelength (A =~ 3.86 x 1013 m and
Ly =~ 1.6 x 103> m).
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Figure 5-4 is a graph of the temporal effect of the rotating spacetime dipole. It was previously
stated that in Figure 5-1 we can consider lobe “A” as exhibiting a rate of time slower than the
local norm and lobe “B” as exhibiting a rate of time faster than the local norm. To illustrate this
concept further, we will imagine a thought experiment where we place a hypothetical perfect
clock at a point on the circumference previously designated the “quantum circle” in Figure 5-1.
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Previously we imagined freezing the rotation of the dipole. Now in figure 5-4 we imagine
having the dipole rotate and we are monitoring the time at only one point on the imaginary
quantum circle and comparing this to a “coordinate clock” at another location in flat spacetime.
The clock monitoring a point on the edge of the dipole will be called the “dipole clock”.

As lobes A and B rotate past the dipole clock location, the dipole clock would speed up and slow
down relative to the coordinate clock that is unaffected by the rotating dipole. Both clocks are
started at the same moment. In flat spacetime, we would expect both clocks to perfectly track
each other. Figure 5-4 plots the temporal displacement of spacetime produced by the rotating
dipole wave (Y axis) versus time as expressed in units of 1/w (X axis). For example, an
electron has angular frequency of w. = 7.76 x 1020 s'1. Therefore, for an electron
1/we= 1.29x 1019 s. As can be seen in figure 5-4 the dipole clock speeds up and slows down
relative to the coordinate clock. The maximum time difference between the two clocks is plus
or minus Planck time 7, (+ ~5x10#** s). This maximum time difference is a quantum
mechanical limit for a displacement of spacetime that is undetectable. This oscillation of the
rate of time is what has been called “dynamic Planck time 7,". Figure 5-4 only shows what
happens during a short time period (~ 10-20 s) after starting the dipole and coordinate clocks.
The time difference over a longer time will be discussed in a later chapter.

Strain Amplitude — Hg: The strain amplitude of the wave depicted in figures 5-3 and 5-4 is
just the maximum slope of these waves. The dashed line in figure 5-3 represents the maximum
slope which occurs when the sine wave crosses zero. This maximum slope can be a
dimensionless number if the X and Y axis have the same units which cancel when expressing
slope. For example, in figure 5-3 both the X and Y axis have units of length. The maximum
displacement is one unit of Planck length (L, = 1.6 x 103> m). The X axis is length units
expressed as multiples of A. which is equal to A;. For an electron Ac = #;=3.86x10-1* m. The
maximum slope occurs at Y = 0. The maximum slope in figure 5-3 is Zy/A. This dimensionless
maximum slope will be designated the “strain amplitude” and designated with the symbol .
Therefore, one way of expressing a rotar’s strain amplitude is with the ratio of lengths:

Hy = Lp/A. = L,/ Ry strain amplitude expressed with length ratio

Figure 5-4 is similar to figure 5-3 except that 5-4 is characterizing the effect on the rate of time.
The Y axis of this figure depicts the difference between the dipole clock and the coordinate
clock shortly after we start both clocks. This difference between clocks can reach + Planck
time (+ 7p). The X axis of figure 5-4 is in units of time expressed as 1/w. which for an electron
is1/w: = 1.29 x 10-19 s. The strain amplitude A of the dipole wave can also be expressed using
time related symbols:

Hy= w./wp = Thow.  strain amplitude expressed using frequency and time
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Therefore the dipole waves strain amplitude can be expressed either as a strain of space
(Ly/A-= Ly/R)) or as a strain in the rate of time (w./wp, = Tpw:). For an electron
R~ 3.86x10-13 m and w. = 7.76 x 1020 s'1. Therefore, an electron’s dimensionless strain
amplitude is: Hg = 4.18 x 10-23. (This will be discussed in more detail in the next chapter.)
Other rotars have different strain amplitudes because they have different Compton angular
frequencies (and corresponding different values of Ry and A;). Note that the sine waves in
figures 5-3 and 5-4 are shifted by 7 radians (180°). This is because the lobe with maximum
proper volume corresponds to the lobe with the minimum rate of time and vice versa.

Conceptual Examples of Wave Amplitude: The rotar model is based on the sea of vacuum
fluctuations that form spacetime being dynamically strained. It is important to have a mental
picture of the incredibly small displacements of time and space required for this model. For
example, for an electron Ag = 4.18 x 10-23 which is the ratio of Z,/ R, or T,w. This spatial strain
of spacetime causes the orbits of the two lobes to exhibit differences in circumference and
radius comparable to Planck length. This is really equivalent to having one of the lobes exceed
the electron’s quantum radius by Planck length and the other lobe is less than the quantum
radius by Planck length. This means that the lobes are not exactly symmetrical. Actually, the
very concept of a dipole implies that there must be two different (opposite) properties that are
interacting. With electromagnetic radiation, a dipole oscillator has a positive and negative
electrical charge. Similarly, a spacetime dipole has two lobes which produce an opposite type of
spatial distortion (big and small) of the properties of spacetime or the opposite type of
temporal distortion (fast and slow) of the properties of spacetime.

Planck length is so small that it is hard to imagine the minute distortion of spacetime required
to make an electron according to the proposed model. We will use the following example to
illustrate this incredibly small difference between the two lobes. Suppose we compare an
electron’s quantum radius to the radius of Jupiter’s orbit. Stretching space by Planck length
over a distance equal to an electron’s quantum radius produces a strain of about 4.2 x 10-23,
(1.6 x 1035/3.9 x 1013 = 4x10-23). Stretching Jupiter’s orbital radius (7.8 x 1011 m) by
3.3 x10-11 m would produce a comparable strain in space. To put this in perspective, the Bohr
radius of a hydrogen atom is ~5.3 x 10-11 m. Now imagine a sphere the size of Jupiter’s orbit,
except that one hemisphere has strained spacetime such that the radius exceeds the prescribed
radius by a distance roughly equal to the radius of a hydrogen atom. The other hemisphere is
less than the prescribed amount by the radius of a hydrogen atom (a 4 x 10-23 volume
difference). Of course, the transition between the two lobes is not an abrupt step. This
simplified example is meant to illustrate the minute distortion of spacetime involved in the
spacetime-based model of a fundamental particle.

Thus far, this example describes a static strain. To give an idea of dynamic strain in spacetime,

imagine the spherical volume of spacetime the size of Jupiter’s orbit with the distortion of
spacetime rotating at the speed of light. This rotating slight strain of spacetime would be an
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example of dynamic spacetime. The analogy breaks down because the rotation frequency of an
electron exceeds 1020 Hz and speed of light around the circumference of Jupiter’s orbit would
take roughly 4 hours. Since this frequency term is squared, the higher frequency of the
electron produces the effect that is roughly 1048 times larger than the same strain amplitude
circulating at the speed of light around Jupiter’s orbit.

Continuing with the example, suppose that we were to compare the rate of time between the
two lobes of an electron. Suppose that it was possible to stop the rotation and insert a perfectly
accurate clock into the fast lobe of an electron (at distance &;) and insert a second perfect clock
into the slow lobe. The rate of time difference is so small that it would take about 50,000 times
longer than the age of the universe before the two clocks differed in time by one second. This
ratio in the rate of time is also about 4 x 10-23. Once again, this describes a fixed difference in
the rate of time.

There is another way of looking at the difference in the rate of time. An elevation change of
0.4 micron (4 x 107 m) in the earth’s gravity produces about the same change in the rate of
time that occurs between the two lobes of an electron. While this example also seems like an
insignificant difference in the rate of time, the electron produces this change in the rate of time
over a much shorter distance than the earth’s gravitational field. This means that an electron
has a much larger gradient in the rate of time than the earth’s gravitational field. This will be
quantified later, but the result is that the center of the rotar model quantum volume contains a
rotating acceleration field previously named a “grav field”. It has similarities to gravity, but is
not the same as gravity.

In chapter 6 we will analyze this spacetime-based model of fundamental particles to see if the
model plausibly yields the correct energy, angular momentum, gravity, etc. However, the
above examples begin to give a feel for how particles can appear to be nebulous entities which
result in their counter intuitive quantum mechanical properties. Rotars made from small
amplitude waves in spacetime can be difficult to locate exactly. Furthermore, a property will be
proposed later that permits quantized waves in spacetime to respond to a perturbation as a
single unit. This gives “particle-like” properties to a quantized wave in spacetime and gives rise
to the famous wave-particle properties in nature.

Solitons: Why do a few combinations of frequency and amplitude produce resonances that
result in fundamental particles and all other frequencies and amplitudes not produce
fundamental particles? There must be a combination of properties of spacetime which achieve
stability by canceling loss at the few frequencies that form fundamental particles. There
appears to be a similarity between the conditions that form a stable rotar and the conditions
that form a stable optical soliton. An optical soliton is formed when a very short pulse of laser
light is focused into a transparent material that exhibits a set of complementary optical
characteristics. One of these characteristics is the optical Kerr effect. As previously mentioned,
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this is a nonlinear effect in all transparent materials where the speed of light is dependent on
intensity. This nonlinear effect is also wavelength dependent. In some optical materials the
dispersion of the optical Kerr effect can be offset against the optical dispersion of the
transparent material. These two properties can interact in a way that confines rather than
disperses the energy in the pulse of laser light. The dispersion is a loss mechanism for a pulse
of laser light. The combination of the two different types of dispersion plus the intensity
dependence together can create a stability condition. A pulse of laser light forms a propagating
wave that fulfills this stability condition and this combination of effects shape the pulse of light
into an “optical soliton”. The term “soliton” is a self-reinforcing wave that maintains its shape
as it propagates. The first identified solitons were water waves propagating in a channel.
Optical solitons can exhibit many particle-like properties. For example, two optical solitons
propagating near each other can attract or repel each other depending on the relative phase of
the light. A wonderful video is available at the following website showing particle-like
interactions of optical solitons*.

The characteristics of spacetime appear to form a similar loss cancellation for the 3 charged
leptons. These are fundamental particles with rest mass that can exist in isolation. The stability
of any rotars depends on the existence of vacuum energy, but there must be a few frequencies
and conditions where the stabilization is optimum. This is equivalent to a pulse of light
satisfying the soliton condition in a transparent material. The analogy to optical solitons can be
extended if a fundamental particle is visualized as propagating along the geodesic at the speed
of light.

It was previously stated that each fundamental rotar has a unique dimensionless number that
describes its wave amplitude A, frequency, mass, quantum radius (inverse), energy,
circulating power (P47 and even its gravitational magnitude (f£,7?). For the electron:
Hp =4.18 x 10-23; for the muon: Hz =8.66 x 10-21; and for the tauon: Az =1.46 x 10-1°. Each of
these numbers somehow matches a stability condition for spacetime. There are an infinite
number of other numbers that do not describe fundamental rotars. The difference between the
few numbers that describe fundamental rotars and the infinite number of other numbers that
do not describe rotars is that these few numbers describe conditions in spacetime where there
is cancelation of waves in the external volume of rotars. The high loss frequencies that do not
cancel, never survived the early stages of the Big Bang when all combinations of frequencies
and amplitudes were being tested. The few stable frequencies that satisfied the soliton
condition condensed out of the energetic spacetime that existed at the early stages of the Big
Bang and formed the fundamental rotars.

* http://www.sfu.ca/~renns/Ibullets.html
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Chapter 6

Analysis of the Particle Model and Derivation of Gravity

In chapter 5 the spacetime-based model of a fundamental particle was presented without any
analysis to see if it can satisfy the known characteristics of fundamental particles. This chapter
will be devoted to testing the rotar model of fundamental particles for plausibility. We will first
analyze whether this model will appear to be a point particle in collision experiments. Then we
will see if the particle model produces the required energy, angular momentum, and forces
including the correct gravity. Finally the implied inertia of the particle model will be discussed.

Particle Size Problem: Perhaps the biggest objection to the hypothesis proposed in chapter 5
is that experiments seem to indicate that fundamental particles are points with no physical
size. Now we will examine whether the rotar model is compatible with the experiments that
seem to indicate a point particle.

In one sense, a rotar is only an angular momentum disturbance in spacetime. For an electron,
the strain produced on spacetime is only about 4 x 10-23. Spatially, this is a strain of spacetime
comparable to stretching Jupiter’s orbit by the radius of a hydrogen atom. Temporally this is
comparable to retarding the rate of time by one second over 50,000 times the age of the
universe. It is only the incredibly large impedance of spacetime (¢?/G) and the high oscillation
frequency that gives this small strain of spacetime a detectable physical presence. Even then,
the oscillations are not detectable as waves because the maximum displacement of spacetime is
only Planck length and Planck time.

When we do detect the presence of an electron, it exhibits properties that are not explainable
from classical physics. For example, “finding” an electron (interacting with a wave with
quantized angular momentum) is a probabilistic event. An electron can seem to jump from one
location to another without traversing the space between these two points. This is because the
rotating dipole in spacetime that is an isolated electron is distributed over a relatively large
volume with a radius in the range of 4 x 10-13 m. Indeed, this is the uncertainty volume over
which these counter intuitive interactions can occur. The angular momentum of an electron is
quantized therefore this distributed distortion of spacetime seems to interact at a point. The
quantized angular momentum property is enforced by the vacuum energy fluctuations which
are in a superfluid state as previously discussed. The list of counter-intuitive properties of an
electron is long, but the non-classical property of interest here is the fact that an electron seems
to have no physical size in a collision experiment.
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Even though the rotar model gives a physical size to fundamental particles, it is not the classical
“billiard ball” type of physical size. For example, a “collision” between an electron and a
positron (rotar model) often results in these two rotating dipole waves merely passing through
each other with the only interaction being a slight scattering from the original trajectories.
When an electron and positron annihilate each other in an interaction that forms positronium
(not a high speed collision), about 10-1° seconds is required for this annihilation (photon
emission) to take place. In a collision at near light speed the overlap time is less than 10-20
seconds in the frame of reference where the total momentum is zero. When the collision
energy is less than the about 1 GeV, then the scattering cross-section of an electron-positron
collision decreases as the collision energy increases. At higher collision energy where new
fundamental particles can be formed the interaction cross-section becomes complex with the
formation of new particles.

In a collision between two electrons the electrostatic repulsion can be visualized as
momentarily bringing the two colliding electrons to a halt. What happens to the kinetic energy
at the moment of closest approach? With the rotar model the kinetic energy of each electron is
momentarily converted into internal energy of the two electrons. This increase in energy
means that the frequency increases, the wavelength decreases, the circumference decreases,
and the quantum radius decreases. These changes keep the angular momentum constant
because the decrease in radius offsets the increase in mass/energy. The quantum radius &,
scales with the rotar’s internal energy £;as: R; = lic/E. At the moment of “closest approach”
the two rotars are actually partially overlapping. They also have the smaller radius and higher
frequency appropriate for their higher energy condition.

How does this radius compare with the particle size resolution limit in a collision experiment?
This resolution limit is set by the uncertainty principle 4x 4p = /2. We have been ignoring
dimensionless constants like %2, so we will use 4x 4p = A and then include a single all-inclusive
constant k. In a collision between two electrons, we have an uncertainty about the momentum
transferred at the moment of closest approach. Is the collision head on or a glancing collision?
All we really know is the maximum momentum available, so the uncertainty becomes 4p = mv.
For a collision between electrons with ultra-relativistic velocity (v = ¢), the special relativity
gamma is y = Ei/mc? where Ex is the relativistic kinetic energy. Also, when y is large, the
momentum is: p = ymc. With this information we can solve for 4x.

h h h mc? _ _ _
Ax=—=—=k (— dimensionless constant k included
Ap ymc mc Ey
hc
Ax=k —
Ey

Therefore, in a collision between ultra-relativistic rotars, the kinetic energy is momentarily
added to the rotar’s internal energy (£ = mc? energy) for a total energy of £+ Ex ~ E; This
means that the quantum radius momentarily shrinks to R, =~ Ac/Eix which matches the
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uncertainty resolution limit of the experiment Ax = Ac/E}. It is no coincidence or lucky result
that the resolution of the experiment matches the momentary size of a rotar. If fundamental
particles really are rotars with a probabilistic interaction radius, then this size must match the
uncertainty in the interaction.

The combination of the overlap and the reduction in Rq results in an expectation separation
distance that is less than the 4x uncertainty resolution of the experiment that attempts to
measure the size of the rotar (particle). This is analogous to the uncertainty principle saying
that an experiment cannot simultaneously measure the position and momentum of a particle to
better than %2h. Similarly, an experiment cannot measure the size of a fundamental particle
because the measurement process introduces energy that momentarily decreases the size of
the particle to below the measurement resolution (R, = Ac/E; < Ax). Therefore, the rotar
model gives a plausible explanation of why fundamental particles always appear to be point
particles in experiments that attempt to measure their size.

The current upper limit for the size of an electron is set by an experiment using two electrons
accelerated to a kinetic energy of about 50 GeV. When the rotar model of an electron
undergoes a collision, the 50 GeV kinetic energy is temporarily converted to the electron’s
internal energy. This momentarily increases the electron’s internal energy (dipole wave
energy) by a factor of 100,000 and reduces the quantum radius by a factor of 100,000. An
isolated electron has a quantum radius of about 4 x 10-13 m. However when 50 GeV of kinetic
energy is converted to an electron’s internal energy at the moment of closest approach, this
reduces R, by a factor of 100,000 to about 4 x 10-18 m. Combined with the ability to partially
overlap quantum volumes, the electron always has an instantaneous size smaller than the 4dx
resolution limit of the experiment. A 50 GeV electron undergoing a collision temporarily
becomes much smaller than a proton (~10-15m) and can be used as a probe of the internal
structure of a proton.

The rotar model of an electron also has an advantage over the point particle model of an
electron when it comes to explaining the behavior of an electron in an atom. An electron bound
in an atom appears to be bigger than the isolated rotar size. For example, an electron bound in
a hydrogen atom has a different boundary condition than an isolated electron. This creates a
different stability condition that results in the dipole wave energy of the electron distributed
around the nucleolus of an atom in a way that enlarges the apparent size and explains the
cloud-like quality of an electron bound in an atom.

Equations Demand Size: One of the strengths of the spacetime model of fundamental
particles is that it gives a plausible explanation of how the fundamental particle (rotar) can
have a physical size equal to the reduced Compton wavelength (equal to R;) and yet also
always appear to be a point particle in collision experiments. One of the “mysteries” of
quantum mechanics has been that the equations of quantum mechanics yield an unreasonable
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answer of infinity when they incorporate the assumption that fundamental particles are point
particles. These equations are screaming that this is a wrong starting assumption. Yet the
equations are ignored because the physical interpretation of experiments is that the
fundamental particles must be point particles.

However, this is a failure of the physical interpretation of the experiments, not a failure of the
equations. The process of renormalization used to eliminate the infinity is actually adjusting
the starting assumption to give a physical volume to fundamental particles. Physicists believe
that experiments are the ultimate referee of a theory. Usually experiments are easy to
interpret correctly. However, the physical interpretation of collision experiments always
makes the erroneous assumption that the colliding particles do not change any of their
characteristics compared to the same particles not undergoing a collision. In particular, the
assumption is that the physical size of a fundamental particle remains constant, even if the
collision is ultra-relativistic. However, where is the kinetic energy stored at the instant when
both particles are stopped? It is proposed that the collision experiments are giving the correct
answer for this instant but this collision moment cannot be extrapolated to deduce the size of
isolated particles. This is like a self-fulfilling prophecy. If you assume point particles, then you
can interpret the experimental results to support this model.

Stability Mechanism:  How exactly does the spacetime dipole achieve stability? What
prevents the waves from simply propagating in a straight line rather than forming a rotating
dipole? This question will be addressed later, but an introductory explanation will be given
here. Chapter 5 started by recounting Erwin Schrodinger’s attempted to give a wave based
explanation to fundamental particles. Schrodinger eventually abandoned this explanation
because he was unable to explain what prevented his “wave packet” from dissipating.

The proposed rotar model has a single frequency dipole wave in spacetime that forms a
rotating closed loop. This dipole wave is still propagating at the speed of light. This model
achieves a large energy density that will be calculated later. However, it also implies a large
pressure required to confine this energy. In fact, any concentration of energy density
fundamentally implies pressure. Therefore, this proposed rotar model requires some means to
counteract the pressure associated with the energy density. This is accomplished by an
interaction with the vacuum energy dipole waves in spacetime that exist everywhere in
spacetime. This vacuum energy possesses a vastly larger energy density than any rotar.
Therefore the vacuum energy exists at a vastly larger pressure than is required to stabilize the
rotar. There are only a few quarks and leptons in the standard model. These represent only a
few Compton frequencies that have achieved at least partial stability interacting with the
surrounding vacuum energy dipole waves in spacetime. This explanation will be expanded
later.
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Rotar Energy Test: Now we are going to subject the rotar model and the concept of dipole
waves in spacetime to a critical test. We will use one of the 5 wave-amplitude equations and
attempt to calculate the energy of any rotar. We are not attempting to calculate the energy of
specific particles. Instead, we are checking to see if the concept of dipole waves in spacetime
that are confined to a specific volume can produce the equivalent mass/energy for a rotar. For
this plausibility test to be successful, inserting a rotar’s amplitude, frequency and volume into
the wave-amplitude equation must produce the correct energy for a rotar (ignoring
dimensionless constants near 1). The equation to be used is:

E=kH w?ZV/c wave-amplitude equation expressing energy £in a volume V

We know that the angular frequency w equals the Compton frequency: w = w. = ¢/R; = mc?/h.
We will also set the amplitude as: Hz = L,/R; = Tpw. Where Hp = strain amplitude in the
quantum volume of a rotar. This amplitude was obtained in the last chapter using the starting
assumption about the maximum displacement of spacetime allowed by quantum mechanics for
dipole waves in spacetime.

The volume term F'should be equal to the volume of the rotar’s quantum volume: V = kR, It
is true that we are not addressing the question about how uniformly this volume is filled, but
this is just a plausibility test and we are using the constant k& which permits us to be vague
about this point. Finally, the impedance term Z is set equal to the previously obtained
impedance of spacetime: Z; = ¢%/G. We will lump all dimensionless constants into a single
constant &

E=kHw?’ZV/c setH=Hg=Ly/R; w=wc=c/Rgand Z=7;=3/G

et (1) () (6) () = i = K (9D

E=kmc

This important plausibility test is successful. The rotar model establishes the famous
relationship between energy and mass (inertia). We have shown that an amplitude of
Hg =L,/R, a frequency of w. and a volume of kR,% together produce the correct energy of
E =mc? (times a possible constant). The mass in this equation should be thought of as the
inertia exhibited by confined energy circulating at the speed of light. The calculation that was
just made represents a bridge between the familiar concept of particles exhibiting mass and the
unfamiliar concept of confined waves in spacetime that exhibit energy and inertia.

We are presuming that & = 7. We actually have a little bit of flexibility in this regard.
Previously we gave an example where the displacement amplitude was defined as the normal
+ amplitude of a sine wave. It would also be possible to define the amplitude as the RMS
amplitude or the peak to peak amplitude. These three ways of defining amplitude all apply to
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the same wave. Furthermore, there may be another way of defining amplitude. [ am going to
presume that some definition of amplitude will permit & = 7.

It should be emphasized that the quantum radius R, is a convenient mathematical
representation of a rotar model, but the rotar does not abruptly stop at a distance of Rq. The
rotar model is more complex than this and part of the quantum wave that forms the rotar
extends beyond the quantum radius. For example, it will be shown later that the rotar’s electric
field and gravity are the result of the rotar’s wave structure that extends far beyond the
quantum radius. However, the energy in the electric and gravitational fields beyond R,
contains less than 1% of the rotar’s total energy. The use of R, can be thought of as a
convenient mathematical tool to easily represent the entire rotar in simple calculations.

Angular Momentum Test: The next test of the model is to see if the model has approximately
the correct angular momentum. We will build on the energy calculation and test to see if the
angular momentum .£of this rotar model has the same angular momentum for all fundamental
particles regardless of mass/energy and furthermore whether this angular momentum is equal
to /iwhen numerical factors near 1 are ignored.

L=pr set: p=momentum = E/c=mc and r=R,=h/mg
L=mc(h/mc) =h

Mass cancels and all mass/energy has the same angular momentum. It is actually possible to
rationalize an answer closer to %2 7 by the following reasoning. Another way of calculating
angular momentum is to use .£ = Jw where 7/is the moment of inertia. If we only had energy
traveling at the speed of light around a circle (a hoop) of radius &, (for example, light in a
waveguide) then we should use the moment of inertia of a hoop (7= mr?). However, the dipole
wave is diffuse and as shown in figure 5-2, there is also a “grav field” filling the center of the
quantum volume.

In chapter 8 it will be shown that the energy density contained in the strongest part of the
rotating grav field is exactly the same as the energy density contained in the strongest part of
the rotating dipole wave. In fact, the grav field is a fundamental part of the dipole wave and
energy is just being transferred between these two states. This means that the energy density
is relatively evenly distributed across the quantum volume and the moment of inertia of a rotar
is most closely approximately by the moment of inertia for a disk: (/= % mr?).

L= Jw set: /=% mr’=%mR? w=c/R;, R;=h/mc
h
L= (% mR7) (i) = (% mc) (—) note that mass cancels
Rq mc
L=%h
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This is a much more complicated problem that can only be solved accurately with a more
advanced model and a rigorous analysis. However, this is a successful plausibility test. The
proposed model inherently incorporates angular momentum into the structure of a rotar.
Furthermore, the proposed model explains why particles of different mass/energy all have the
same angular momentum. A rotar with a relatively large mass/energy has a relatively small
quantum radius. The combination always produces the same angular momentum.

The standard model assumes that all fundamental particles are virtually point particles. For
example, string theory has a one dimensional vibrating string that is roughly Planck length
long. This can be considered a point particle. However, the concept of a point particle is
incompatible with a conceptual understanding of how fundamental particles can exhibit any
angular momentum. Therefore, students are told that fundamental particles possess “intrinsic
angular momentum”. If there is any objection, it is answered with a statement that the student
must move beyond classical physics where concepts were conceptually understandable and
embrace quantum mechanics with its many counter intuitive concepts. The real problem
appears to be that the teacher was giving the student the wrong model of a fundamental
particle. The spacetime based model makes quantum mechanics conceptually understandable.

Molecules also possess quantized angular momentum, but in the case of molecules it is easy to
prove that this quantized angular momentum results from the physical rotation of the
molecule. There are other examples of quantized angular momentum involving the rotation of
physical objects such as the quantized vortices that form in superfluid liquid helium. The point
is that the angular momentum is physical. There is no need to invoke the abstract concept of an
object possessing “intrinsic angular momentum” in these cases. Something external is
enforcing this quantization of angular momentum. The spacetime based model proposed here
attributes this enforcement to all matter (fundamental particles, molecules, etc.) being
immersed in a sea of superfluid vacuum energy. This spacetime based model also gives a
conceptually understandable explanation of how a fundamental particle such as an electron can
possess angular momentum. The electron is a rotating disturbance in spacetime with a
physical size that gives conceptually understandable angular momentum. The concept that a
point particle can possess angular momentum is an admission that the model being used is
inadequate.

Dipole Moment: Not only does the proposed rotar model give the same angular momentum
to all rotars, the rotar model also specifies that all rotars have the same dipole moment dm. The
dipole moment of a rotar is the dipole amplitude times the quantum radius. We will calculate
the value of the dipole moment shared by all rotars.

Gm? h hG
dm = Hp Ry= :Cl (%) =J= dn = dipole moment Hp - see explanation below

dm =Ly L, = dynamic Planck length
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A dipole made of two electrically charged particles has a dipole moment with units of Coulomb
meters. However, a spacetime dipole has a dipole moment with units of just meters because Hp
is a dimensionless number. Rotars with a large mass have a large value of Hp but this is offset
by a small quantum radius R, Therefore, all rotars have the same dipole moment of dynamic
Planck length Z,.

Quantum Amplitude Equalities: The strain amplitude Hjp of the spacetime wave inside the
quantum volume of a rotar is an important dimensionless number for a rotar that has been
designated with the symbol /. This symbol was chosen because it is amplitude that affects the
rate of time and proper volume with similarities to gravitational magnitude f. The above
calculation used the substitution that Hz = L,/R,; but there are several other ways of
expressing this strain amplitude.

Hﬂ:Lp/Rq:na)C:—ﬂsz/hc :m/mp:E}/Ep:wc/wp:\/Rs/Rq :\/PC/Pp

E;= internal energy of a rotar (mc? energy)

Ry = classical Schwarzschild radius Ry =Gm/c?

P.= circulating power P.=Fiwc=wAh (explained later)

The symbols m,, wp, E, and P, are Planck mass, Planck energy and Planck power. They are
defined further in the table below.

To help convey the significance of this string of equalities, | will use an electron for a numerical
example. The mass of an electron is: m.=9.1094 x 10-31 kg

Electron’s Characteristics
Ry =h/mc =c/w.=3.8616x 1013 m quantum radius
we=mc?/h =c¢/R;=7.7634 x 1020 51 Compton angular frequency

Ei=mc? = hw.=8.1871 x 10-14] internal energy

P.=FE wc=wih=6356x10"w circulating power (explained below)
Hp =,/Gm? /hc =4.185x 1023 quantum amplitude
L,/R;=1.616x1035/3.8616 x 10-13 =4.185x 1022 quantum radius

wcTp = w/wp="7.76x1020/1.855x 1043 =4.185x 1023 Compton frequency
m/m,=9.109x10-31/2.176 x 10-8 =4.185x 1022 mass
E/E,=8.187x1014/1.956 x 10° =4.185x 1023 energy

JRs/Rq = (6.76 x108/3.86 x 10-13)1/2  =4.185x 1023 Schwarzschild radius
\/pr = (6.36x107/3.63 x 1052)1/2 =4.185x 1023 circulating power

(Uy/Up)V*= (142 x10%4/4.64 x 10113)1/4 = 4185 x 1023 energy density
(Aq/A,)7?=(9.74x 106/5.58 x 1051)1/2 =4.185x 1023 grav acceleration
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(84/Ap)" = (4.08x10-16/5.58 x 1051)1/3 =4.185x 1023 gravitational acceleration at Rq

It is amazing that the dimensionless number Hgthat represents the strain amplitude of a rotar
is related to so many rotar properties. These include the rotar’s mass, energy, Compton
frequency, Schwarzschild radius, quantum radius and circulating power (defined below). These
properties can also be expressed in Planck units. Symbols written in bold and underlined such
as m and R, will represent values expressed in dimensionless Planck units. For example
m = m/m,. Using this designation, A has the following equalities:

H=m=w=Ei=1/R;=P1?=A4'/? = Us'/* dimensionless rotar constant in Planck units

Each fundamental rotar has a single dimensionless number that expresses all of a rotar’s
unique properties. Angular momentum and charge are shared properties. For example, an
electron, muon and tauon all have the same angular momentum and charge. The unique values
of quantum strain amplitude A for an electron, muon and the tauon are:

Hp=4.18x1023 electron’s amplitude, Planck frequency, mass, energy and inverse size
Hg=8.66x 1021 muon’s amplitude, Planck frequency, mass, energy and inverse size
Hp=1.46x10-1° tauon’s amplitude, Planck frequency, mass, energy and inverse size

Maximum Amplitude Rotar: Out of curiosity, let’s calculate the mass of the rotar that has the
maximum possible amplitude which is a quantum amplitude of Hz = 1.

Hp=./Gm? /hc substitute Hpz = 1 and square both sides
1 =Gm?/hc

m =,/hc/G=m, Hp = 1when the mass equals the Planck mass (11,).

Therefore, the proposed rotar model has Planck mass as the natural basis. However, Hz = 1 not
only represents a rotar with Planck mass, but because of the above equalities, Az = 1 also
represents a rotar with Planck angular frequency wp, and a rotar with a quantum radius equal
to Planck length /. Going even further, a rotar with Hp = 1 also has a circulating power
equaling Planck power 7, an internal energy equal to Planck energy £, and an energy density
equal to Planck energy density U,. If there were such a thing as a “Planck rotar”, this proposed
rotar model would have the Planck rotar as the natural basis. Here is a table of Planck
conversions.
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Planck Conversions

I, = Planck length b =cty= \/F/CB 1.616x103°m

mp = Planck mass mpy= M 2.176 x108kg

t, = Planck time b =Ilp/c= \/W/c*; 5.391x10%s

g» = Planck charge qp= \/Fohc 1.876 x 10-18 Coulomb
E, = Planck energy E =mpZ= \/th/G 1.956x10°]

wp = Planck angular frequency w, =1/t,= \/m 1.855x 1043 51

F, = Planck force B=E/l,=c/G 1.210x 104 N

P, = Planck power Po=E/t,=c/G 3.628x 1052w

U, = Planck energy density Uy, = Ey/ly° = /hG? 4.636 x 10113 ] /m3
P, = Planck pressure Py =F/17 =7 /hG? 4.636 x 10113 N/m? (= Uy)
pp = Planck density pp =mp/l,° = /hG? 5.155 x 10% kg/m?
Ap = Planck acceleration Ay =c/t,= m 5.575x 1051 m/s?

V, = Planck voltage Vo = Ep/qp=1[c*/4me,G  1.043x 102 V

Zp = Planck impedance Zp =h/q,° = 1/4me,c 29.98 O

Planck units are the natural units to use for a model of the universe based on the properties of
spacetime. For example, Planck length is the minimum unit of length in spacetime. Planck time
is the minimum unit of time and Planck energy is the maximum energy that spacetime can
incorporate into a single dipole wave with quantized angular momentum. When a unit of time,
length, energy, etc. is expressed in dimensionless Planck units, it represents the ratio of the
particular quantity to the maximum or minimum that spacetime can support. Special
attention will be given into the significance of Planck force: /, = c*/G = 1.2 x 10% Newton.
One of the many insights obtained from Einstein’s field equation is that the universe has a
limit to the maximum possible force that can be exerted and this limiting force is equal to
Planck forcel,2. (This ignores a numerical factor near 1.) The equations of general relativity
deviate from Newtonian gravitational physics in strong gravity partly because of the
existence of a maximum possible force which introduces nonlinearity. Therefore, general
relativity and quantum mechanics agree on the significance of Planck force. It is often said
that Planck units are the “natural” units of the universe. This is particularly true if the universe
is only spacetime and we are attempting to construct all matter, forces and cosmology out of

'T.Jacobson, “Thermodynamics of Spacetime: The Einstein Equation of State.” Phys.Rev. Lett.
75 1260 (1995)

2 G. W. Gibbons, “The Maximum Tension Principle in General Relativity.” Found. Phys. 32 1891 (2002)
http://arxiv.org/pdf/hep-th/0210109.pdf

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 6-10



spacetime. We would expect that expressing various concepts relating to particles and forces
in Planck units would lead to simplifications and give important insights.

Circulating Power: A rotar’s internal energy is confined energy made of dipole waves in
spacetime that are moving at the speed of light. Therefore, there is a specific amount of
circulating power in any rotar. The circulating power (7. in an isolated rotar is the rotar’s
internal energy £;times the rotar’s Compton angular frequency w. This is the momentary
power that would leave the rotar’s quantum volume if the circulating wave (rotating dipole)
dissipated by all points in the wave traveling in straight lines. The wave would expand beyond
the quantum radius in a time equal to 7/w.

Pr=Fiwc=wih =mct/h = EZ/h P.= circulating power

An isolated electron’s circulating power is about 63.56 million watts. (8.2 x 10-14])2/4 This
high circulating power can be understood when it is realized that the electron’s internal energy
(8.2 x 10-1#]) is multiplied by the electron’s Compton angular frequency (7.8 x 1020 s'1). The
concept of circulating power will be important when we consider forces. For future reference,
we will calculate the value of circulating power in Planck units by dividing conventional power
by Planck power (2, = ¢5/G).

P. =P /P, = (m?c*/h)(G/c%) = Gm?/Ac P. = circulating power in Planck units

Characteristics of an Electron: It is very useful to have a single table of the rotar
characteristics and standard characteristics of an electron to test concepts. Therefore, the
following table is provided here and in chapter 15 which is a compilation of equations and
definitions.

Constants of an Electron

Hp = 4.1854 x 10-23 = electron’s strain amplitude

R; =3.8616 x 1013 m = electron’s quantum radius

we = 7.7634 x 1020 s'1 = electron’s Compton angular frequency

v, =1.2356 x 1020 Hz = electron’s Compton frequency

P =6.356 x 107 w = electron’s circulating power

Fn =0.21201 N = electron’s maximum force at distance of Rq

Rs = 6.7635 x 10->8 m = electron’s classical Schwarzschild radius

U =E/R;7?=1.422x10%]/m3 = electron’s energy density (cubic)

U =(3/4m)E,/R;? = 3.397 x 1023 ] /m3 = electron’s energy density (spherical)
V =R,?=15.7584 x 10-38 m3 = electron’s quantum volume (cubic)

Ay =9.7413 x 106 m/s? = electron’s grav acceleration at center of quantum volume
me.= 9.1094 x 10-3! kg = electron’s mass
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E; =8.1871x 1014 ] = electron’s energy
e =1.6022x 1071 Coulomb = electron’s charge

Forces

We are next going to examine the strong force, the electromagnetic force and the gravitational
force between two of the same rotars. The only force exerted by dipole waves in spacetime is
the relativistic force (/- = P./c). Therefore, we would expect that the force between particles
should be a simple function of the rotar’s circulating power. Initially, we will examine the
forces exerted under the simplest condition for the rotar model of fundamental particles. The
forces will be calculated between two of the same rotars separated by the rotar’s natural unit of
length - separated by R, In later chapters we will examine other distances, but the spacetime
based rotar model presented thus far only is able to define the characteristics at a distance
equal to the rotar’s quantum radius &, It is reasonable that if the spacetime based model is
correct, then the simplest separation distance would be &, the rotar’s natural unit of length.
Recall that the quantum radius is also equal to the fundamental particle’s reduced Compton
wavelength (R, =A.). Calculations at arbitrary distance involve an additional consideration of
how waves in the external volume of a rotar fall off with distance. Initially limiting the
separation distance just to R, (the quantum radius) involves the fewest assumptions. We know
the strain amplitude of a rotar at this distance is: # = Hp = Tpwe = Lp/R; Therefore, this
fundamental test condition will be used exclusively for the remainder of this chapter.

Theoretical Maximum Force: We will begin this examination of forces by asking a simple
question. Is there a theoretical maximum force that a fundamental rotar with a known energy
can generate at a particular distance? This question considers only the energy of a rotar and
the distance. Other characteristics of the rotar will determine whether the rotar can actually
interact and achieve anything close to the theoretical maximum force. At this early stage of
development of forces we are dealing with the relativistic force in its simplest form. Since the
relativistic force is only repulsive, it follows that a simplified model of the theoretical maximum
force will describe a repulsive force. Later the model will be expanded and eventually yield the
strong force which is an attracting force with asymptotic freedom characteristics. For now we
are merely logically following the narrow path associated with the starting assumption.

The standard model describes the strong force (the strong interaction) as the exchange of
gluons between quarks. There are subtleties in this exchange that are explained by invoking
color charge and quantum chromodynamics (QCD). We are starting from first principles and
so far know nothing about gluons, etc. We only know the simplified rotar model presented so
far. We have a dipole wave in spacetime that possesses quantized angular momentum and a
specific amount of energy. The dipole wave is propagating at the speed of light in a closed loop
one wavelength in circumference. This concept defines a specific rotational frequency and a
specific amount of circulating power.
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Maximum Force from Circulating Power: We will first use the concept of circulating power
P.of a fundamental rotar. Previously; it was found that the rotar model implies that every rotar
can be considered to have a circulating power equal to:

P = Ew: = w#h = hic2/R7 P.= circulating power of a rotar inside R,

Previously we concluded that the starting assumption (the universe is only spacetime) implied
that there is only one truly fundamental force - the relativistic force F. = P,/c. The strongest
force that a fundamental rotar can exert at distance R, will occur if all of a rotar’s circulating
power is deflected (set P- = P;). This presumes two of the same rotars, each with internal
energy of £. Only quarks are actually capable of exerting something close to this maximum
force, but it is still possible to calculate the theoretical maximum force that any rotar can
generate if all the rotar’s circulating power is deflected. This is equivalent to saying that some
rotars cannot deflect all the circulating power at a separation distance of &, but it is possible to
calculate the maximum force that would be generated if all the circulating power was deflected.
We take the relativistic force equation F. = P,/c and set F, = Fand P, = P. = A2 /R~

Fn =P /c =he/R7Z = m?c3/h = EZ/hc = HFF, Fm = rotar’s maximum force at distance £,

Later we will compare this value of the maximum possible force at R, to the electrostatic force
at this distance to see if it is reasonable. However, first | want to explain a qualification on the
physical interpretation of this maximum force F, = EZ/Ac. This equation represents the
maximum force that can be exerted if two of the same rotars are held stationary at a distance
equal to their quantum radius R, If two rotars are colliding at relativistic velocity, then a
greater force can be generated because kinetic energy is converted to increase the rotar’s
internal energy £; at the instant of collision. This momentarily increases the internal energy £;
of the colliding rotars which also momentarily increases F, wcand P. This increase in energy
also decreases the rotar’s quantum radius A

For example, an electron with relativistic velocity equal to 50 GeV can temporarily convert this
kinetic energy into internal energy in a collision raising the electron’s internal energy from
~ 0.5 MeV to 50 GeV, a factor of about 100,000. This would momentarily decrease the
electron’s quantum radius by a factor of 105 from 3.86 x 10-13 m to 3.86 x 10-18 m. This would
also increase both the circulating power and the maximum force by a factor of 1010. Therefore,
an electron undergoing a collision can exhibit a force greater than the theoretical maximum
force calculated for an isolated electron (no collision). Trying to remove a quark from a hadron
also changes the internal energy of the quark and can affect the binding force. This will be
discussed later.
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Maximum Force from the Wave-Amplitude Equation: We will also calculate the maximum
force using the wave-amplitude equation: F = H?w?ZA/c. We have previously used a similar
equation to calculate the energy in a rotar. For that calculation we made the following
substitutions: H = Hp = L,/R; @ = w: = c¢/Rg and V = kR, This time we have an area term
A. Since the presumption is that we have two of the same rotars separated by &, this means
that the interaction area would be a constant times R, (A =kR,). There are many other
numerical factors close to 1 that have been previously ignored, so we will also ignore this
constant.

F=Haw?ZA/c sett H=Hp=L,/Ryw=wc=c/Ry Z=Z=/G A=R7

Ly A RZ
() () @) () sewse-nge
Rq Rq G c

In a later chapter, two competing versions of the maximum force will be shown to make up the
more complex strong force between quarks. The condition known as asymptotic freedom will
be analyzed and shown to result from competing maximum forces which reach equilibrium.
However, a slight displacement from this equilibrium separation distance results in a net
restoring force which increases with displacement and can almost reach the maximum force.

Coulomb Force: To evaluate the maximum force it is necessary to compare it to the Coulomb
force (electromagnetic force) that would exist between two electrically charged rotars at the
separation distance of r = Ry. There are actually two possible values of charge g that are
interesting and we will evaluate both of them. One obvious choice is to use elementary charge
e. However, the other interesting value is Planck charge g, = \/4me,hc = e/va ~ 1.88 x 10-18
Coulomb which is about 11.7 times larger than elementary charge e. Planck charge is actually
the best choice of a unit of charge when we are comparing forces because Planck charge
avoids dealing with the fine structure constant a = e?/4ns,fic = 1/137. The fine structure
constant a is known to be the coupling constant relating to the strength of the
electromagnetic interaction between a particle with charge e and a photon. By choosing
Planck charge we are setting this coupling constant equal to 1. By eliminating the coupling
constant a, we would expect that at separation distance of r= &, the electromagnetic force
should be equal to the maximum force if the particle and force models described thus far
are correct. The Coulomb force equation F= q2/4ne&./ic will be used for this critical test.
We will use the force symbol F;to specify that we are representing the electrostatic force
between two Planck charges. Therefore we will make the following substitutions into the
Coulomb force equation:

2
set: F=F, r=A=R, q=qy=+4me,hc and Fn= hc/Ry?

4TTE T2
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Therefore, this is a spectacular success. When we use Planck charge to set the coupling
constant equal to 1 and r= R, then we obtain the equation that the electrostatic force equals
the maximum force Fz= Fn.

Any time in the rest of the book that we are representing the electrostatic force generated by
particles with elementary charge e we will use the symbol . The following is the first of these
calculations.

Fzm set: F=F, r=A=R;; g=e a=¢é/4ns,hic and F,= hc/ R
o
e? ahc
e=— 2= 2 = fm
4meoRg Rg

Therefore, even using elementary charge e we obtain a connection between the electrostatic
force and the maximum force, but this electrostatic force is diminished by the fine structure
constant a = 1/137. The fine structure constant has never been able to be mathematically
derived from first principles. It has been the source of mystery for generations of
theoretical physicists. Therefore, we also will merely accept this mysterious number as a
coupling constant of unknown origin.

The derivation of gravity from starting assumptions starts on the next page.
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Gravity

Now for the big question: Can we develop the force of gravity from first principles using the
rotar model? Thus far we have discussed the fundamental dipole wave that can exist in
spacetime. If we are going to be able to explain all the forces of nature with only dipole waves
in spacetime, we have to examine the possibility that under some circumstances a dipole wave
in spacetime may not be perfectly sinusoidal. Once again the starting assumption that the
universe is only spacetime serves as a wonderful restriction. It keeps us focused on examining
only the most basic properties of spacetime.

If the universe is only spacetime, we do not have many possible explanations for gravity. In
fact, the only plausible possibility is that spacetime is a nonlinear medium for dipole waves
in spacetime.

Optical Kerr Effect: Isee a similarity between gravity and a nonlinear optical effect called the
optical Kerr effect. When light passes through any transparent material, a nonlinear effect
occurs. Even for wavelengths for which the material is transparent, there is a limit to the
maximum intensity (maximum electric field strength) that can propagate through the material.
This limit results in nonlinearity (distortion) even for intensities that are far below this limit.
The oscillating electric field of the light produces a non-oscillating nonlinear effect which
changes the index of refraction of the transparent material. This nonlinear effect reduces the
speed of light in the transparent material in addition to the normal reduction due to the
material’s index of refraction at zero intensity. An expression of the optical Kerr effect is given
by the following simplified equation that ignores higher order terms.

nx =~ n, + ki’ simplified optical Kerr effect equation

i, = the index of refraction which includes the optical Kerr effect contribution
1, = the normal index of refraction at zero intensity

k7= anonlinear constant that depends on the transparent material

&w = electric field strength at frequency w

This means that the speed of light in any transparent material has a fundamental term (72,) and
a second order term (k:£.9). The second order term depends on the square of the alternating
electric field produced by the light.
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Even sunlight passing through a window produces a slight nonlinear effect in the glass. When a
high peak power pulse of laser light is focused in a transparent material, the light can reach
oscillating electric field strength where the optical Kerr effect increases the index of refraction
to the extent that the laser beam is further concentrated and confined to a small filament. This
confinement can be so great that the beam is not allowed to diverge. This effect is easily seen in
glass and other solids, but it has even been demonstrated in air.

While the analogy between the optical Kerr effect and gravity is far from perfect, the point is
that homogeneous materials like glass or air exhibit a nonlinearity that scales proportional to
the square of the wave amplitude (&,9). This squaring produces an effect that is always
positive. In the optical Kerr effect, the index of refraction always increases.

This nonlinearity in transparent materials is associated with the fact that any transparent
material has a maximum electric field strength limitation. Exceeding this maximum electric
field strength will physically damage the transparent material. The most extreme form of
damage is ionization of the atoms, but molecules can be decomposed at electric field strength
less than the ionization threshold. This maximum field strength introduces a nonlinearity that
scales with &,2 and higher powers of &, However, the higher powers only become significant
as the limiting intensity is approached. Spacetime is also a medium that transmits waves. Is
there any evidence that spacetime is a nonlinear medium?

Gravity — A Nonlinear Effect: We need to consider the force of gravity between two of the same
rotars at distance R, If the universe is only spacetime and if there is only one truly
fundamental force (the relativistic force) then dipole waves in spacetime must also cause
gravity. We are therefore looking for a mechanism whereby a rotar’s circulating power can be
converted into a force that has only one polarity and is vastly weaker than the other forces.
There is really only one reasonable choice. Gravity must be the result of spacetime being a
nonlinear medium for dipole waves in spacetime.

Fifth Starting Assumption: Spacetime is a nonlinear medium for dipole waves in spacetime.
This nonlinearity ultimately produces gravity.

The gravitational force must be the result of this nonlinearity while the other forces are a direct
(linear) function of circulating power. Dipole waves in spacetime have a theoretical maximum
amplitude of Ag = 1. This means that dipole waves in spacetime should also exhibit a
nonlinearity that scales with Hg? even when A<<1. The strain produced by dipole waves in
spacetime must have a linear term and a nonlinear term.

Strain = Hpsinwt + (Hpsinwt)? = Hgsinwt - % HF cosZwt + % HF (bold for emphasis)
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The linear term is (Hpsinwt) and the nonlinear term is (Hgsinwt)?. There are also higher order
nonlinear terms but these can be ignored because Hgis a number very close to zero and any
higher powers of this are insignificant. The nonlinear term has been further expanded into a
weak oscillating term (HfcosZwt) and a non-oscillating term that is always positive (%2 Hg?).
It is proposed that the strain in spacetime produced by the non-oscillating term (Hp? at distance
Ry) is responsible for the general relativistic curvature of spacetime which results in gravity.

An analysis in chapter 8 will show how the nonlinear term (Hp sinwt)? leads to both
gravitational attraction as well as the gravitational effect on time and distance. In this chapter
we are going to start with a simplified analysis that concentrates only on the magnitude of the
force exerted by the gravity of a rotar. With this limitation we again are developing an
over-simplified repulsive force with the correct magnitude of gravity. This will later be
improved into an attracting force that also exhibits the spatial and temporal properties of
gravity. The actual force of gravity will be shown in chapter 8 to result from a strain in
spacetime that produces an unbalanced force on opposite sides of a rotar.

It is easy to demonstrate that the nonlinearity of spacetime gives the correct magnitude of the
gravitational force at distance R, using a calculation that is somewhat oversimplified.
Previously we were using H = Hp as the substitution of the wave amplitude for the maximum
force and other rotar properties. To prove that gravity is caused by the nonlinearity of
spacetime, we will now make the nonlinear amplitude substitution # = Hs° into the force
equation: F = kH?w?ZA/c.

F=kH’w?’ZA/c for gravity set: H=HF =L, /R w=w, Z=Z;=03/G, A= kR

pemracaare=() ) () ()-() () )

2

F =z magnitude of the gravitational force between 2 particles of mass m at distance &,
q

Even though this is oversimplified, I find this calculation very exciting! We obtain the
Newtonian gravitational force equation starting with rotating dipole waves in spacetime. It
was not necessary to make an analogy to acceleration. This particular calculation was for two
of the same rotars at a separation distance of R, but eventually we will be able to broaden this
to the more general case of any mass/energy at any distance. Furthermore, the model will be
improved and result in this being an attracting force. To my knowledge, this is the first time
that the gravitational force has ever been calculated from conceptually understandable first
principles. There were no vague analogies to restraining a mass from following a geodesic.

This implies that gravity is really a force and not the result of the geometry of spacetime. Static
curved spacetime is the result of dynamic (oscillating) curved spacetime exhibiting a nonlinear
effect. In chapter 4 we described how the quantum mechanical model of spacetime possesses
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elasticity, impedance, energy density, etc. Introducing matter (dipole waves with quantized
angular momentum) into this homogeneous medium produces distortion which has both a
linear and a nonlinear component. Gravity is the nonlinear component. From the above
calculation it is not hard to see that eventually we will obtain the Newtonian equation:
F =Gmm;/r°. Even though this is a successful plausibility calculation, in chapter 8 it will be
shown to be an oversimplification that gets the magnitude correct but the vector wrong.
Additional steps will be introduced to obtain the complete picture. It should be recognized that
for single particles the Newtonian gravitational equation can be considered exact. General
relativity differs from Newtonian gravity because general relativity incorporates nonlinearities
including a maximum possible force (Planck force). While this book does not carry this model
to the strong gravity limit, it appears that a mature model incorporating nonlinear terms would
be compatible with general relativity. In fact, chapters 8 and 10 discuss subtleties that go
further than general relativity.

Review: We have just calculated a simplified version of Newton’s gravitational equation from a
set of starting assumptions. The steps that brought us to this point will be briefly reviewed.

The key assumptions are:

1) The universe is only spacetime.

2) Dipole waves in spacetime are permitted by quantum mechanics provided that the
displacement of spacetime does not exceed the Planck length/time limitation.

3) Energy in any form is fundamentally made of dipole waves in spacetime propagating at
the speed of light.

4) There is only one fundamental force: the relativistic force. This force occurs when
waves in spacetime, propagating at the speed of light, are deflected.

5) Fundamental particles are dipole waves in spacetime that form a rotating dipole, one
wavelength in circumference that possesses circulating power.

6) Spacetime is a nonlinear medium for dipole waves in spacetime. This nonlinearity
ultimately produces gravity.

Waves in spacetime are like sound waves propagating in the medium of spacetime. Spacetime
has an impedance (Zs; = ¢3/G) and the force generated by deflecting waves in spacetime is:
F=Hw?’Z,A/c where H is amplitude and A4 is area. Assumption #6 says that spacetime is a
nonlinear medium. This nonlinear effect can be considered the source of a new nonlinear wave
that has strain amplitude that is the square of the amplitude of the fundamental wave
amplitude: A = Hp, = L,?/R% Inserting this amplitude into the force equation above yields
Fy= Gm?/R/ which is a simplified version of Newton’s gravitational equation that assumes
two of the same mass particles at distance R, (dimensionless constants near 1 ignored).

Connection Between the Forces and Circulating Power: If the forces of nature are caused by
the interaction of waves in spacetime, then there should be a simple relationship between the

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 6-19



force and the circulating power (Z). I previously proposed that there is only one truly
fundamental force in nature - the relativistic force (#- = P./c). This is the repulsive force
exerted when relativistic power (power propagating at the speed of light) is “deflected” which
includes absorbed and reflected. For this to appear to be an attracting force this interaction
must include pressure (repulsive force) exerted by vacuum energy. This is discussed in
chapter 8. However, in all cases a force generated by a rotar must be related to both the
circulating power and the quantum radius of the rotar. Furthermore, since gravity is the result
of nonlinearity, we would expect that the gravitational force would be a function of 2# while
the other forces would be a linear function of Z.

We are therefore going to perform a critical test of the rotar model and the concept of a single
fundamental force. There is no single rotar that exhibits all three of the following properties:
elementary charge, the strong force and gravity. Quarks and the charged leptons only exhibit 2
of the 3 properties. However, it is possible to calculate the magnitude of these three forces as if
they were possessed by a single pair of the same rotars separated by a distance equal to their
quantum radius. We will also be assuming the hypothetical case of two particles with Planck
charge in some of the following calculations.

This critical test will examine whether there is an easy to understand relationship between the
magnitudes of the forces (Fn, F5 Fe, F;) and the circulating power 7. of the rotar causing the
force. This comparison will be done using the natural Planck units of force and power (bold
and underlined indicates Planck units - Fy,, Fe, F., F,, and P¢). Initially, all comparisons will be
made at the rotar’s natural unit of length, its quantum radius R; = ¢/w. = h/mc.

Substitutions that will be used:

(&) -om(5) ) - (55

B (22 (9)- 002" (9)-%
e? 2 2
== () (8) = @0 (5 () =)

et (1) (8) -5
=~p, \Un J\c5) ™ he
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Since all of these are related to Gm?/Ac, we obtain simple relationships between forces and
circulating power when we are dealing with two of the same rotars with charge e and
separated by a distance R, Recall that the concept of a single relativistic force says that there
should be an easy to understand relationship between force and circulating power.

F,=P F,, = maximum force in Planck units (closely related to the strong force)
Fc=P. F ;= electromagnetic force in Planck units (Planck charge g,)

F.=aP. F.=electromagnetic force in Planck units (elementary charge €)
F,=P? F,= gravitational force in Planck units

This is a spectacular success that strongly supports the spacetime based model of forces. This
simplification of relationships occurs at the spacetime based model’s fundamental unit of
length (the reduced Compton wavelength). The maximum force deflects all of the circulating
power (F,, = P.). The electromagnetic force also deflects all the circulating power if we assume
Planck charge F: = P. but elementary charge e only deflects about 1/137 of the circulating
power and is therefore about 137 times weaker (F. = aP.). However, forces F,, F: and F. are
similar because they all scale linearly with circulating power (scale with P.). Gravity is
different because it is the result of a nonlinear effect and scales proportional to P.2. When
circulating power is expressed in Planck units it is always a dimensionless number close to
zero. Therefore squaring this number produces a number even closer to zero. The weakness
of gravity compared to the other forces is due to the difference between P, and P.2. The
analysis of gravity will continue in chapter 8, but gravity is the result of spacetime being a
nonlinear medium that scales with amplitude squared which in turn results in a P.2 scaling of
the gravitational force.

We can also relate the rotar’s Compton angular frequency @., energy density U, and strain

amplitude Hp to the forces between two of the same rotars separated by distance R, when
terms are expressed in Planck units. Again we show the relationship to Gm?/Ac.

mc? hG Gm
Q°:“’f/“’1’:(T) R

2
_ _ m*c5\ [hG2 _ Gm?
u= = (") (7)< ()
h_G (mc) _ Gm?2
c3 he

2

h

Combining all of these we obtain:
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F, = F.?= F?=(F/a)’=P2= o= U= H*

This is one of the most important findings in this book. It is a series of equalities that can be
rewritten as 28 individual equations. The simplicity of this series of equations is jaw dropping.
It shows how the gravitational force is closely related to not only the maximum force and the
electromagnetic force but also to a rotar’s Compton angular frequency, circulating power,
energy density and strain amplitude. It will be shown later that the strong force is actually the
superposition of two variations of the maximum force. This superposition produces
asymptotic freedom at Rq but a slight displacement from this separation produces a force close
to the maximum force.

Just to help internalize these relationships, we will use two electrons separated by

R;=3.86 x 10-13 meters as illustration. Readers are invited to substitute the following values
of F, F., F,, P.. E; and Hginto the above equations.

F, = F/F, =(Gm*/R7)/(c"/G)  =3.07x10

F. =F/F, = (hc/R7)/(c*/G) =1.75x10%
F.=F./F, =(€/4nc,R7)/(c?/G) =1.28x10%
P.=P/P, =(hA/R7)/(c5/G) =1.75x10%
. = w/wp = (mc2/h)(hct/G)/? =4.19x102%
U= Uy/Uy, = (m*cs/B°)(hG?/c7)  =3.07x10-9
Hy = (Gm2/hc)/? =4.19x1023

Support for the Spacetime Based Model: The relationships enumerated in the multiple
equations F, = F.'=F? = (F./0)*=P’ =0 = U, = Hp? make a strong statement about the
accuracy of the spacetime based model of fundamental particles. The forces in this equation
assumed a separation distance of B; = Ac = ¢/w. It will also be shown later that the simple
force relationship between fundamental particles extends for larger separation distance when
that distance is expressed in multiples of R, This is the natural unit of length for a spacetime
based model of fundamental particles, but this distance has no significance if forces are
assumed to result from the exchange of virtual photons, gluons and gravitons. The fact that
the forces have a simple relationship at the separation distance that is the natural unit of
length of the spacetime based model offers strong support for the spacetime based model of
fundamental particles.

Force Equations Between Two Planck Charge Particles: One pairing of the above multiple
force equations should be called out for particular attention.
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Fe=Fy

This is an amazing relationship that needs to be stated in words for full effect. Assuming a
separation distance of r=A. = R;and g = g, and Planck units, the gravitational force equals
the square of the electrostatic force. A numerical example helps to internalize this equation.
Suppose we assume two particles, each with the mass of an electron (m = m. = 9.1 x 10-3! kg)
but with Planck charge (¢ = q,). Then: Fe = F/F, = (q,°/4ncoRi#)/(c?/G) = 1.75 x 10-*> and:

3.07 x 1090 = (1.75 x 10-4)2 (numerical example illustrates Fy = F#?)

The equation F; = F/ for two hypothetical Planck charge particles is a clear example that there
is a fundamental connection between the gravitational force and the electrostatic force. The
use of Planck charge rather than elementary charge e eliminates the coupling constant &, and
effectively sets the coupling constant equal to 1. Another way of saying this is that assuming
Planck charge makes the electrostatic force equal the maximum force. Planck charge is the best
assumption if we want to compare the electromagnetic force to the gravitational force.

While the relationship between the forces is easiest to see when we use Planck units, there
is another way to look at the relationship between the forces using force expressed using SI
units of Newton. Imagine a log scale of force represented by a horizontal line. The largest
force from general relativity and the constants of nature is Planck force F, = 1.21 x 104
Newton. We will place Planck force at one end of the log scale line. At the opposite end of
this line (log scale of force) we will place the weakest force in this analysis which is the
gravitational force Fy; = 3.72 x 10-*¢ Newton (assuming electron mass). Finally we place
the electromagnetic force on this scale (assuming Planck charge). For q=(, m = m. and
r=A.= Ry the electromagnetic force is Fz = 0.212 Newton. This electromagnetic force
would be positioned exactly halfway between Planck force F, and the gravitational force F,
on this log scale. The relationship of the gravitational force to the electromagnetic force is
the same as the relationship of the electromagnetic force to Planck force. From Fg = F?
we obtain:

Fo/Fe=Fe/F,

Predictions: When James Maxwell derived the equation: ¢ = ’g 1# , did this equation qualify to

be called a prediction? Other parts of Maxwell’s equations predict previously unknown
physical effects, but this equation just shows a previously unknown relationship between ¢ &,
and g,. Still, I am going to say that this equation also made a prediction because the new model
being analyzed by Maxwell gave an unexpected connection and a very useful new insight. The
fact that the prediction was easy to prove correct should not diminish its status as a prediction.
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Similarly, the equation F, = F,,’ = F¢* = (F./a)?= P’ = U, = E;* = Hy* also shows previously
unknown relationships that are easy to prove correct. Before this there was no equation
expressing a fundamental relationship between the gravitational force and either the
electromagnetic force or the strong force. This prediction came from the analysis of a new
model, and supports the accuracy of the model.

Gravitational Wave Calculation: We will now move on to another plausibility test that can
be performed on the proposed rotar model. Recall that dipole waves in spacetime have enough
similarities to gravitational waves that we can use gravitational wave equations for analysis.
However, we have to ignore dimensionless constants and interpret the results appropriately
for dipole waves in spacetime.

There is an equation used to estimate gravitational wave amplitude () at the low intensity
limit where nonlinearities can be ignored. This equation can be applied to the proposed rotar
model.

How =~k Ga?le/c*r I=momentofinertia, &= asymmetry of a rotating object

This simplified equation, would normally be used to estimate the gravitational wave amplitude
of a rotating rod or a binary star system. It contains an angular frequency term w, the moment
of inertia (7) of the rotating object, the radius r of the rotating object, and a mass asymmetry
term & For example, a spherically symmetric object would have no asymmetry (e = ) and two
equal point masses separated by Zr would have an asymmetry of £ = 7. We are going to
assume that € # 0 and the dimensionless asymmetry term &£ will be included in the all-inclusive
constant k. We will next convert the moment of inertia term to angular momentum.

Hw~kGaw?le/c*r set: [=.4L/w, £L=angularmomentum, ¢ included in &
How =k Gwl/c*r

The reason for converting to angular momentum is because we want to apply this equation to
rotars. We know the angular momentum of particles as .£ = %4 A However, the % in this
angular momentum is subject to interpretation as previously discussed. The constant,
whatever its value, will be included in the general constant k. The rotar model implies that
£+ Obecause the dipole core of a rotar is two lobes rotating at the speed of light. We will also
lump the eccentricity term ¢, into the general constant & We will now calculate the
hypothetical gravitational wave amplitude for a fundamental rotar.

How=kGwl/c*r substitute: w =w:.=c/R; £L=khand r=R,

c h
=) (o5)

Hgw =k (hG/C%) /Ry
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How =k L2 /R = kHF we will ignore the constant &

This is another surprising connection. We take a gravitational wave equation used in
cosmology and insert a rotar’s angular momentum %4 / and Compton frequency w. We then
determine the gravitational wave amplitude (excluding constant) that would exist at a distance
of R; We obtain the amplitude H. = L,°/R7 = Hg?. We previously determined that the
nonlinearity of spacetime creates a non-oscillating strain amplitude equal to H# = L,?/R/ in
the quantum volume of a rotar. The same amplitude expression is obtained using an entirely
different approach. Previously we employed reasoning based on the quantum mechanical
properties of spacetime and also on spacetime being nonlinear. Now we obtain the same
answer by inserting rotars properties (angular momentum and Compton frequency) into a
gravitational wave equation from general relativity.

The above calculation is a success, but it also seems to imply a problem. Are all fundamental
rotars continuously radiating away their energy as gravitational waves? It is true that if any
arbitrary value of Compton frequency or quantum radius (R; = ¢/w.) is assumed, then there
would probably be radiated power both for the fundamental wave and for the nonlinear wave
with amplitude L,?/R,. However, it is proposed that the fundamental rotars that do exist
correspond to special frequency-amplitude combinations where a wave interaction occurs that
cancels this radiated power. Even short lived fundamental rotars, such as the tauon (lifetime
~ 3x 1013 5), are long lived compared to the lifetime they would have if their circulating power
was radiated. Since P = Ejw,, the time required to radiate the rotar’s internal energy E; would
be the inverse of the rotar’s Compton frequency. For a tauon this would be: 7/w. =~ 3 x 10-25
second. The tauon’s lifetime is about 1012 times longer than its 1/w. time and is considered to
be a “semi-stable particle”.

There are an infinite number of possible frequencies, amplitudes and configurations that could
hypothetically exist, but do not exist long enough to be considered fundamental rotars. The
few frequencies that exist long enough to be considered fundamental rotars have some sort of
wave interaction that constructively interferes to reinforce the rotating dipole rotar model and
destructively interferes in a way that eliminates radiated energy. The bottom line is that the
few fundamental rotars that exist belong to the small group of frequency-amplitude-
configuration combinations that do not radiate either the fundamental dipole wave in
spacetime or the nonlinear wave associated with gravity. Even though there is not continuous
loss of energy, some of the rotar’s energy does extend beyond the quantum volume. It will be
shown that a particle’s gravity and electric field are both the result of standing waves
generated by a rotar interacting with the vacuum energy that surrounds a rotar. More will be
said about this in chapter 8.

Gravitational Wave Radiation: Out of curiosity, we will calculate how long it would take for
an electron to radiate away its internal energy if gravitational waves were being continuously
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radiated. We will assume a gravitational wave amplitude of Hgw = Ly?/Rq? and a radiation area
equal to the electron’s quantum radius squared. We will use one of the 5 wave-amplitude
equations that relate the power in a wave.

P=H&?ZA setH=Hp=L2/R7 w=wc=c/Ry Z=0/G A=R7

13\ (<) (€3 p2 Lp)* 5
pP= <?> <R_q> (?) @ = \z, (E) set ¢>/G = P, (Planck Power)

q

4
Ly ,
q

To obtain a physical feel for the magnitude of this power, we will examine the gravitational
wave power that would be radiated using the properties of an electron. We know that an
electron must have a mechanism that cancels this radiated power.

P=(418x102)4x3.63x102w=1.1x103"w
t=E/P=818x101]J/1.1x103"w set £ =8.18x10-1*] = electron’s energy
t=7x1023s~=2x101years

Therefore, since the universe is 1.37 x 1010 years old, it would take more than one million times
the age of the universe (2 x 101¢ years) for an electron to radiate away its energy in
gravitational waves. While this is a long time, it would be detectable because electrons in the
early universe would have more energy (measured locally) than today’s electrons. If up and
down quarks radiated away power as gravitational waves, they would have radiate away all
their energy in a time shorter than the age of the universe because of their much larger
Compton frequency w. The power radiated as gravitational waves scales with w.*

If rotars radiated energy with amplitude equivalent to the fundamental wave amplitude
(Hr= Lp/r) with no cancelation mechanism from vacuum energy, then the picture changes
completely. If an electron radiated away its energy in a wave at its Compton frequency and its
fundamental amplitude, an electron would radiate about 63 million watts and it would survive
for a time of only 7/w. (~ 10-20 second). This is mentioned because it is proposed that the few
fundamental rotars that exist have a cancelation mechanism (discussed later) that prevents
this type of energy loss. Standing waves remain in the rotar’s external volume after this
cancelation. Standing waves have equal power flowing in opposite directions and therefore do
not transfer energy. Only traveling waves are continuously transferring energy.

Inertia: Another test of the rotar model is whether it explains the inertia of fundamental
particles. In chapter 1, we saw how energy traveling at the speed of light exhibits inertia and
rest mass if it is confined to a specific volume (if the momentum vectors cancel in a rest frame
of reference). This includes: confined light, hypothetical confined gravitational waves and

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 6-26



confined dipole waves in spacetime. The rotar model has a dipole wave traveling at the speed
of light in a closed loop. The translational momentum vectors in a stationary rotar add up to
zero (p = 0). This satisfies the condition of energy propagating at the speed of light but
confined to a specific volume. The momentum vectors add up to zero, therefore this model
achieves rest mass and inertia as shown in chapter 1. Most important, the inertia of the rotar
model exactly matches the inertia of an equal amount of energy propagating at the speed of
light but confined to a limited volume.

Fiber Optic Loop: In chapter 1, we found that light circulating around a circular fiber optic
loop satisfies the condition of p = 0 because all momentum vectors cancel. Therefore this
circulating light exhibits inertia even though the light is not superimposed like the reflecting
box example. For example, suppose that we accelerate a fiber optic loop in a direction parallel
to the plane of the loop. Light in different parts of the loop receives different Doppler shifts.
For example, light traveling with a vector component in the direction of the acceleration will
increase in frequency and light traveling with a vector component in the opposite direction will
decrease slightly in frequency. The resultant distribution of frequencies around the loop
produces the same inertial forces on the fiber optic loop as the reflecting box received from
accelerating confined light. Even if the loop is only one wavelength in circumference, there
would still be the same inertial forces. If the loop is accelerated perpendicular to the rotational
plane, the light would exhibit inertia by exerting a pressure difference on opposite sides of the
fiber optic.

The rotating quantum dipole is similar to the example of light in a fiber optic loop, except that
there is no physical wall confining the energy circulating at the speed of light. The interaction
with the vacuum energy dipole waves in spacetime accomplishes the confinement.

Prediction: No Higgs Field: The explanation of inertia is an important part of the proposed
rotar model. In fact, the starting assumption (the universe is only spacetime) ultimately
implies that there is no Higgs field that gives inertia to all matter. In one sense, there is a
similarity between the Higgs field and the quantum mechanical spacetime model proposed
here. Both have very large energy density that lacks quantized angular momentum. The Higgs
field has energy density of about 1046 ] /m3 while the quantum mechanical spacetime “field” has
energy density of about 10113 J/m3. While there is a big difference between these two numbers,
in another sense they are similar because they both vastly exceed the “critical” energy density
of the universe from general relativity and cosmology and they both have spin of zero.

However, there are also important differences. The rotar model of fundamental particles gives
intrinsic inertia through a mechanism that ultimately depends on the speed of light being
constant. This matches the inertia of the equivalent energy in confined photons. The Higgs
mechanism gives inertia to fundamental particles that lack inertia through an external
interaction. As discussed in chapter 1, there is no mechanism to match the inertia of an
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equivalent energy of confined photons. This is a previously unrecognized flaw in the Higgs
mechanism.

Currently (September 2012), it was recently announced that the LHC experiments had found a
new fundamental particle with energy of about 125 GeV. Since that is in the broad energy
range previously predicted for the Higgs boson (between about 115 to 175 GeV) the
assumption in the popular press is that this discovery is equivalent to discovering the standard
model Higgs boson which gives inertia to other fundamental particles. QED has also been
predicting the existence of a fundamental particle in this energy range without the requirement
that it be a Higgs boson. However, colliding a proton and an anti-proton together produces a
very messy result that can indicate the existence of a new particle but not be able to measure
any of its properties. As Dr Tony Weidberg, from the University of Oxford said, “Even at a
certainty level of five sigma you're very far from proving it's a Higgs particle at all, let alone a
standard model Higgs. If the most plausible hypothesis is that it's a Standard Model Higgs, you
have to ask 'what experiments can we do to test that hypothesis'. The answer is to measure as
much detail as you can about this particle. It's much harder to do these detailed measurements
than just see if there is something there.”?

There are technical papers that analyze the types of particles that could produce the results
observed at the LHC and yet not be the standard model Higgs boson with spin of zero. There
are also discussions about building a linear accelerator capable of accelerating electrons and
positrons to 250 GeV (the International Linear Accelerator). These collisions would produce a
much cleaner result that could actually determine spin and some other properties of the new
particle. In order for this 125 GeV particle to be the Standard Model Higgs boson and not just
some previously unknown boson (perhaps spin 2), it must be proven to be a fundamental
particle and not a composite like a pion that has spin of zero. Furthermore, it must give mass to
other fundamental particles through the existence of a Higgs field.

As stated in chapter 1, the Higgs mechanism does not even recognize that the inertia of a
fundamental particle such as an electron or muon must precisely match the inertia of an equal
amount of energy of confined photons. The rotar model precisely matches this requirement
because a rotar is also energy propagating at the speed of light in a confined volume resulting
in zero momentum (p = 0) in a rest frame. Therefore, the prediction is that even though a new
fundamental particle with energy of about 125 GeV has been found, this new particle does not
have the properties required to form a Higgs field that gives inertia to other fundamental
particles. The rotar model gives the correct inertia to match the internal energy of fundamental
particles. Furthermore, the spacetime based model of the universe has spacetime filled with a
vast energy with spin of zero. Itis just not the Higgs field.

3 http://www.bbc.co.uk/news/science-environment-18521327
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Chapter 7

Virtual Particles, Vacuum Energy and Unity

Introduction: In the last chapter we were on a roll calculating a simplified version of the
strong force, the electromagnetic force and the gravitational force between two of the same
rotars at a fixed separation distance equal to the rotar’s quantum radius R, In chapter 8 we
will improve the model so that these forces exhibit attraction. We will also extend the
calculation of the gravitational force to longer distances and include multiple rotars. However,
before doing this it is necessary to lay some additional groundwork. This includes a
description of virtual particle pairs, vacuum energy, asymptotic freedom and a proposed
property called “unity” that permits quantized waves to exhibit particle-like properties.

In cosmology the terms “vacuum energy” and “dark energy” are often considered synonymous.
This book makes a distinction between these two terms. Dark energy is a hypothetical concept
that is required to fill the gap between the observed energy density of the universe and the
theoretical “critical energy density”. The apparent acceleration of the expansion of the
universe seems to require a source of diffuse energy density (~ 6 x 1010 J/m3) distributed
throughout the universe that counteracts gravity. This is completely different than the very
large energy density (~ 10113 J/m?3) implied by the terms “vacuum energy” or “vacuum
fluctuations”. Dark energy and the cosmological constant should not be equated to vacuum
energy and vacuum fluctuations.

Probabilistic Nature of Rotars: In chapter 5 figures 5-1 and 5-2 show the distortion of
spacetime believed to be present in the quantum volume of a rotar. Figure 5-1 shows a dipole
wave in spacetime that has formed into a closed loop, one wavelength in circumference. This
wave is traveling at the speed of light around the closed loop. We previously calculated the
angular momentum of this model. This motion is not in a single plane as depicted; instead it is a
chaotic distortion of spacetime. Placing a rotar in a magnetic field can align the spin direction
giving an expectation spin direction. However, even then almost all rotation directions are
possible with different probabilities. The exception is the opposite spin direction to the
expectation direction which has a probability of zero.

The chaotic nature of a rotar is due to the fact that the lobes are a slight distortion of energetic
spacetime at the limit of causality. This small strain is below the quantum mechanical limit of
detection. For an electron the spatial and temporal distortion produced by the rotating dipole
wave is less than 1 part in 102%2. To a first approximation, the rotar model of an electron is an
“empty” vacuum. The dipole lobes of an electron are so close to being homogeneous spacetime
that the rate of time in the two lobes only differs by one second in 50,000 times the age of the
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universe. The spatial properties of the lobes are so homogeneous that the distortion is
equivalent to distorting a sphere the size of Jupiter’s orbit by the radius of a hydrogen atom.

The reason that the rotar model can achieve the £ = mc? energy of the fundamental particles is
the incredibly large impedance of spacetime and the large Compton frequency (~1020 to
1025 Hz) of the fundamental rotars. These lobes are propagating in a closed loop at the speed
of light and interacting with vacuum energy so they are approximately confined to a volume.
However, “finding the particle” means interacting with this incredibly weak distortion of
spacetime in a way that a quantized unit of angular momentum is transferred. This is a
probabilistic event that can happen over a substantial volume that scales with &,
Furthermore, the chaotic nature of the rotar structure permits the rotating dipole wave to
disappear from one quantum volume and reform in an adjacent location that was previously
part of the rotar’s external volume. The rotating dipole can also be visualized as a rotating rate
of time gradient as depicted in figure 5-2.

Virtual Particle Pairs: The term “virtual particle” is commonly applied in two different ways.
First, there are the virtual particles that according to the commonly accepted physics theory
are the carriers of forces. For example, virtual photons supposedly carry the electromagnetic
force. The other type of virtual particles is the virtual particle pairs that are continuously being
created and annihilated in a vacuum. These virtual particle pairs are an integral part of
quantum electrodynamics QED and quantum chromodynamics QCD. The incredible accuracy
achieved by QED calculations is only possible by including all of the significant effects and
contributions of virtual particle formation and annihilation on the problem being calculated.
The spacetime based model proposed here explains forces as an interaction of dipole waves in
spacetime including the dipole waves of vacuum energy. Therefore there is no need for the
type of virtual particles that are supposedly the carriers of forces and they do not exist in this
model. However, the virtual particle pairs that are continuously being created and annihilated
are part of the spacetime based model. In developing a conceptually understandable
description of the structure of these virtual particle pairs we are guided by the starting
assumptions previously enumerated. In fact, the starting assumptions are so restrictive that
only one description seems plausible.

A virtual particle pair is a counter rotating matter/antimatter pair. Counter rotating means
that the quantized angular momentum is eliminated (zero spin). For an instant the proposed
virtual particle model is strained spacetime that looks generally similar to the two dipole lobes
depicted in figures 5-1 and 5-2. However, the lobes are not rotating. Such lobe pairs would
form randomly out of the dipole waves that are responsible for vacuum energy. If we make an
analogy to waves on water, then a virtual particle pair is a wave maximum and minimum
separated by a distance comparable to twice the quantum radius (diameter = 2 R,) of the rotar
being simulated. Apparently spacetime has a resonance at conditions that correspond to the
formation of virtual particle pairs that correspond to real matter-antimatter pairs such as
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electron/positron pairs or muon/antimuon pairs. Therefore these frequencies are preferred
over random frequencies. These wave structures form and disappear from the dipole waves
that form vacuum energy. Furthermore, all frames of reference have the same density of
virtual particle pairs.

When such a shape forms, it momentarily can look like a particle/antiparticle pair such as an
electron/positron pair or a muon/antimuon pair. However, this deception is quickly revealed.
For example, with a real electron/positron pair, the two rotars should counter rotate 1 radian
each (2 radians total) in a time of 7/w. = A/mc? = 1.3 x 1021 s. This means that a real
electron/positron pair would counter rotate by a total of one radian in a time interval of
At =% h/mc? = 1/2w. The two randomly formed lobes would dissipate into wavelets in a
similar time period. This is the same lifetime given to virtual particle pairs by the uncertainty

principle.
AEAt =% h
h h 1 h
At=——= set —=
2AE  2mc? we; mc?
At =
20,

Therefore, the uncertainty principle is describing the time required for this model of a virtual
particle pair to reveal itself and dissipate into other random dipole waves. It is proposed that
all aspects of the uncertainty principle correspond to conceptually understandable effects
resulting from a dipole wave in the spacetime based explanation of the universe.

Vacuum Energy Revisited

Chapter 4 laid the groundwork for a description of vacuum energy, but now that the rotar
model and the relativistic force have been introduced there are a few additional insights into
vacuum energy that will be mentioned.

Rotar Model Requires Vacuum Pressure: Recall in chapter 4 the point was made that
energy density (U) has the same units as pressure (2 ) when both are expressed in
dimensional analysis terms of length, mass and time. I argue that energy density always
implies pressure. This position is not held by the standard model or string theory which
assumes particles can possess infinite energy density (no volume) without being
concerned about the implied infinite pressure. However, it is easier to see that energy
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propagating at the speed of light in a limited volume (confined photons or the rotar model)
always implies pressure. The energy density of a rotar’s quantum volume (U;) exerts a
pressure that will be designated as /. Ignoring numerical factors near 1, the energy density
and pressure of this volume is:

E; E} hwi m*cs
c3h3 c3 h3

= Hg'Up = Hp*IPp

It is also possible to determine both energy density and pressure using one of the 5
wave-amplitude equations: U = P = kH?w?Z/c. Using the substitution: #° = H¢ = (Tyw)? =
(hG/c?)wZ and previous substitutions we obtain the same answer as the above equation from
the wave-amplitude equation:

U —p HRwiZs (hc;wg) w2 (c3) (1) _hof  E
L ©\¢/\c/ ¢ R}

For example, an electron has: £ = 8.19 x 10-'* ] and R; = 3.86 x 1013 m. Therefore, if
U; = Ei/R;° then the rotar model of an electron has energy density of about 1024 J/m3. This
model would then have internal pressure of roughly 1024 N/m2. Vacuum energy is required to
stabilize and confine this energy density/pressure. Therefore, vacuum energy must exceed this
energy density/pressure. If it takes 1024 N/m? to stabilize an electron with energy of 8 x 10-14],
how much pressure does it take to stabilize the highest energy particle? The most energetic
particle that has been experimentally observed is the top quark with energy of: £;~ 3x10-8 ].
Using E/#/ch’ the energy density of vacuum energy must exceed about 104 J/m?3 and the
pressure must exceed 10%> N/m2. This represents a lower limit for the energy density of
vacuum energy. These pressures are easily accommodated by the spacetime based model of
vacuum energy.

The high energy density of vacuum energy required by the spacetime based model proposed
here should not be surprising since a large vacuum energy density is also required for the
formation of virtual particle pairs and many other operations of QED and QCD. In fact, even the
hypothetical Higgs field (not part of the spacetime based model) also requires a very high
vacuum energy density. This energy density depends on the energy of the Higgs boson but the
implied energy density is roughly 1046 J/m3. This is mentioned to illustrate that the concept of
a Higgs field also challenges the cosmological critical energy density number.

Astronomical measurements indicate that the universe has average energy density of only
about 10-° J/m3 (the “critical density”). However, this is proposed to be only the energy density
of the dipole waves that possesses angular momentum such as rotars and photons. The vastly
larger portion of the universe’s energy (dipole waves) does not possess angular momentum
and only interacts with our observable universe through quantum mechanics. This energy
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density is as homogeneous and isotropic as quantum mechanics allows. It does not produce
the same gravitational effects as energy that possesses angular momentum.

The rotar model of a fundamental particle has a finite volume. The energy density of a
fundamental particle implies a pressure that must be contained to achieve stability. Vacuum
energy can exert this pressure without itself needing to be contained by a still larger pressure
vessel. We do not know whether the universe is infinitely large or just vastly larger than our
observable portion of the universe. In either case, the vacuum energy/pressure in our
observable portion of the universe has nowhere to go. It is in equilibrium with the rest of the
observable universe. One inadequacy of both the standard model and string theory is that their
fundamental particles have energy but no volume. If energy density is absolutely equivalent to
pressure, what mechanism contains the infinite pressure of a particle with no volume?

Rotars in Superfluid Vacuum Energy: If [ wave my hand through spacetime, | am not aware
of any interaction with the vast energy density of spacetime. There is no resistance; therefore
it is hard to visualize spacetime as having momentum or being a very stiff elastic medium.
However, it is necessary to remember that the fundamental particles that make up my hand are
merely quantized eddies that can easily propagate through the sea of vacuum fluctuations
without encountering any resistance or leaving a wake. There is no new compression of
spacetime. It is only when we introduce a new wave in spacetime such as a gravitational wave
that we are attempting to introduce a net compression and displacement of the dipole waves
that fill spacetime. Spacetime has a bulk modulus but this bulk modulus only reveals itself to a
wave in spacetime that is physically introducing a compression and expansion of spacetime. A
unit of quantized angular momentum can freely propagate through the sea of dipole waves that
forms spacetime without resistance.

However, if a rotar possessing quantized angular momentum encounters another rotar with
quantized angular momentum, then this is entirely different. Even though these two rotars are
also just distortions of spacetime, the quantized angular momentum permits them to exceed
the homogeneous energy density of vacuum energy. This starts a chain of interactions with
vacuum energy/pressure that ultimately result in the forces of nature. For example, rotars can
coalesce into massive bodies ranging from hadrons to galaxies. These are islands of
concentrated energy in a sea of superfluid vacuum energy that was previously homogeneous.
Each rotar increases the energy density at a specific location causing a disturbance we know as
curved spacetime. All other nearby rotars now experience an energy density gradient which
results in a gravitational interaction between rotars (particles). The other forces are the result
of similar interactions as will be explained later. Chapters 13 and 14 will discuss further why
the energy density of spacetime does not form a black hole.

Spacetime: The New Ether? If the universe is only spacetime, it should not be surprising that
spacetime is ultimately responsible for all of physics. The description of spacetime offered here
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is a combination of the energetic vacuum fluctuations described by quantum mechanics and the
general relativistic description where spacetime can be curved and time is the fourth
dimension. Ultimately energetic spacetime even performs the functions previously attributed
to the ether. However, spacetime is much more subtle than the antiquated description of the
ether. There is no detectable motion relative to spacetime because spacetime is a sea of
energetic waves which are always forming new wavelets and all of this is propagating
chaotically at the speed of light. Also, the @? dependence of the spectral energy density means
that the harmonic oscillators of spacetime are a perfect Lorentz invariant medium. Doppler
shifts are offset so that no relative motion is detectable.

Fundamental particles do not drag spacetime the way that the ether was presumed to be
dragged by mass. Instead, fundamental particles are quantized vortices in superfluid
spacetime. These vortices freely propagate through energetic spacetime without imparting
inertia or leaving a wake. In chapter 11 it will be proposed that photons are a disturbance in
energetic spacetime carrying quantized angular momentum. While this has similarities to
waves propagating in the ether, there also are important differences. The proper speed of light
is constant everywhere because all fundamental particles and forces are made of energetic
spacetime. These all scale in a way that keeps the proper speed of light constant in every
location and every direction. This means that there is no detectable motion relative to
spacetime.

Stability of a Particle Made of Waves

Schrodinger’s Wave Packet: Previously it was mentioned that about 1926 Schrodinger
attempted to explain particles as consisting only of a “wave packet”. Schrodinger’s wave packet
had many frequencies that, when added together (Fourier transform), produced a
concentrated wave. This was Schrodinger’s wave based model of a particle. He was attacked
for this idea by other scientists. The problem was that these many different frequencies could
only temporarily add together to form a concentrated wave at a single location that acts like a
particle. Another way of saying this is that Schrodinger’s confluence of waves can momentarily
create the energy density of a particle, but this implies a pressure. Schrodinger was unable to
explain what prevented the wave packet from dissipating and he eventually abandoned this
idea.

Radiated Power by Unstable Rotars: The amplitude of the rotar wave within the quantum
volume (at distance R,) has been given as Hg = L,/R,. A simple extrapolation of this amplitude
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to distances beyond R, would result in a fundamental wave amplitude of Hr = L,/r where
distance r is greater than R, Rotating dipoles of any type attempt to radiate away their energy.
It is proposed that at the few Compton frequencies that actually form rotars, a type of
resonance is formed that offsets the dipole radiation. For any fundamental rotar that actually
exists there must be a wave cancelation that destroys the wave with amplitude Hr = L,/rand
leaves only residual standing waves as evidence of the battle that is taking place. Without some
form of cancelation in the external volume, we would expect a rotar to radiate energy into the
external volume with amplitude that decreases with 7/r at a frequency equal to the rotar’s
Compton angular frequency w. To calculate the hypothetical radiated power that would occur
from amplitude Hr at frequency w. we will use one of the 5 wave-amplitude equations:
P=Hw?ZA. This equation contains “4” which is the radiating area. It is not necessary to
assume a distance of R, for this calculation. We can imagine a spherical shell with arbitrary
radius r. Therefore, we only need to calculate the power that passes through this shell. At
distance rthe surface area “A” of this imaginary spherical shell with radius r is: 4 = kr%.

P=Hw?’ZA setH=Hr=Ly,/, Z=c%/G and A=kr’ (ignore k)
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P =P, radiated power = rotar’s circulating power Pr = wAh = Ej wc

Therefore, a 7/r amplitude distribution means that the radiated power is equal to the rotar’s
full circulating power P. = E; w. At this radiated power, all the rotar’s internal energy £;is
radiated away in a time period of only 7/w.. If an electron radiated power at this rate, it would
be radiating about 63 million watts and have a lifetime of less than 1020 seconds. Any
structure that is radiating away its internal energy in a time period of only 7/w has absolutely
no stability. In fact, it lasts as long as the uncertainty principle predicts for energy uncertainty
AE. If a rotar survives for a time period longer than 7/w, this means that there must be some
mechanism for reducing the wave amplitude in the external volume from Hr=L,/r.

Wave Cancelation: Here is the picture that I have for the stability of a rotar. It is not a
complete picture, but it is sufficiently complete that I find it plausible when combined with the
body of other information contained in this book. Imagine a rotating dipole wave in spacetime
that is one wavelength in circumference. It is a single frequency, so radiation from this wave
attempts to fill the universe. Power would have to be continuously supplied to this rotating
dipole. In this case, the outgoing wave is acting exactly as would be expected for a single
frequency wave expanding from a source. This would produce perfect monochromatic
radiation, limited only by the Fourier transform of the finite emission time. Since a stable rotar
is not continuously emitting energy, there must be a new source of offsetting waves.

This cancelation of waves in the external volume does not mean that all traces of wave energy
have been eliminated. A very important part of the rotar model is that the destructive
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interference is incomplete. Standing waves (oscillations where nodes and antinodes are
stationary) are left behind. These standing waves interact with vacuum energy in a way that
also produces non-oscillating strains in spacetime. Two examples of these residual
non-oscillating strains are electric fields (chapter 9) and curved spacetime. In particular,
curved spacetime results in a static rate of time gradient and a non-Euclidian spatial distortion
(discussed in chapter 8).

Traveling waves imply that power is being transferred in the direction of the wave
propagation. Standing waves or a static rate of time gradient implies that no power is being
transferred. Therefore, the proposed destructive interference has eliminated the power drain
from the rotar, but the remaining standing waves and gradients are the evidence that a
destructive interference battle is going on. Standing waves have energy, so this picture implies
that a small portion of the rotar’s energy is distributed outside the quantum volume. This
energy is responsible for the rotar’s electric and gravitational fields.

The vacuum energy waves propagating towards the core (wavelets) are returning the radiated
power to the rotating dipole core. These returning waves must have the correct phase to
constructively interfere with the rotating dipole. Out of the infinite possible combinations of
frequency, amplitude and angular momentum, only the electron, muon and tauon have
frequency/amplitude combinations to survive as isolated rotars (implies rest mass). The
quarks only find stability in pairs or triplets. As previously stated, each charged lepton has a
single dimensionless number that expresses all its unique characteristics in dimensionless
Planck units.

Examining Alternative Particle Models: It is proposed that energy density in any form
generates pressure. Any competing particle model must be able to explain where the force
comes from to hold together a particle of a given energy density. For example, a proton with
radius 8.8 x 101 m and 1.5 x 10-1° | energy implies a minimum pressure of 1034 N/m? if the
energy is uniformly distributed in this volume. If some of the energy is in the form of three
point particle quarks, then infinite pressure is attempting to dissipate the particle’s energy. In
either case an explanation must be proposed as to why the implied pressure generated by the
energy density of a proton (or other particle) does not result in rapid dispersal of energy.
Particles in string theory are vibrating one dimensional strings that in some cases have a length
comparable to Planck length. The lack of transverse dimensions results in zero volume and
infinite pressure. Advocates of string theory usually do not even permit a discussion about the
structure of a string. The answer often given is that strings are postulated to be the most basic
building blocks of the universe. Therefore it is not fair to inquire into the structure of a string
because this implies something more fundamental. However, that response is only acceptable
to people who believe in string theory. If the very existence of strings is being called into
question compared to an alternative explanation, then it is fair to test both explanations as to
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whether they have a reasonable explanation for the containment of the energy density of
fundamental particles.

Attraction and Repulsion: The conventional explanation for action at a distance is that the
forces of nature are the result of the exchange of virtual particles. This explanation is
conceptually understandable when it is applied to two particles which repel each other such as
two electrons. It is possible to imagine virtual photons propagating between two electrons.
Each virtual photon carries a small amount of momentum therefore multiple virtual photons
together produce what appears to be a continuous repulsive force. However, even for
repulsion there is the question: How do virtual photons find a distant point particle? Is there a
homing mechanism or are there almost an infinite number of virtual photons exploring every
possible location?

When the concept of virtual photon exchange is first introduced to students, the next question
is usually “How does the exchange of virtual photons create attraction?” The answer usually
includes mention of the uncertainty principle, Feynman diagrams, and mathematical
abstractions. These answers still are unsatisfying, but the student reluctantly adopts the idea
that it is necessary to move beyond classical physics with its conceptually understandable
answers and accept the counter intuitive explanations of quantum mechanics. This book
attempts to bring conceptually understandable ideas to quantum mechanics. The subject of
action at a distance, especially attraction, is a prime example of an area that needs an improved
explanation.

There is very little “wiggle room” for action at a distance if we start with the assumption that
the universe is only spacetime. This restriction leads to the concept that there is only one force:
the relativistic force F- = P./c. This is the force imparted by power traveling at the speed of
light. This leads to a surprising realization that the relativistic force is only repulsive.

The same way that photon pressure is only repulsive, waves in spacetime traveling at the speed
of light can only produce a repulsive force. What appears to be an attracting force is actually a
repulsive force exerted by the vacuum energy/pressure. Each rotar requires vacuum energy to
exert a large pressure to stabilize the rotar. Previously we calculated the pressure required to
stabilize a rotar is: P = m*c®/h% and applying this pressure over an area of kR,? produces a
force equal to the rotar’s maximum force (¥, = m?c®/h) ignoring dimensionless constants near
1. If we mentally divide a rotar into two hemispheres, vacuum energy is exerting the rotar’s
maximum force Fn, to keep those two hemispheres together. This is the same force required to
deflect a rotar’s circulating power P./c = PR/ = F» Even leptons which do not feel the strong
force still experience a force equal to the maximum force F, exerted by the pressure associated
with vacuum energy. In chapter 8 it will be shown later that this force exerted by vacuum
energy can be unbalanced and can appear to be attraction.
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This maximum force was first calculated assuming that the rotar’s full circulating power is
deflected. The agent that is accomplishing this deflection must be an external repulsive force.
Now we see that the vacuum energy is exerting this required force on the rotar. In equilibrium,
the compression force exerted by vacuum energy needs to balance the outward force exerted
when a rotar’s circulating power is confined (deflected). Therefore, it is reasonable that the
force exerted by vacuum energy needs to equal the rotar’s maximum force.

Asymptotic Freedom: The strong force is an attracting force which has the property of
allowing quarks bound in hadrons to freely migrate within the natural dimensions of the
hadron as if there is no force acting on them. However, if there is an attempt to remove a quark
from the hadron (increase the natural separation), then a force of attraction appears and
resists increasing this separation distance. Furthermore, this attracting force increases with
distance. An attempt to remove a quark from a hadron against this increasing force of
attraction produces a new meson rather than a free quark. Once the new meson is formed the
attracting force drops to near zero and the meson can be removed. Therefore the strong force
has a force characteristic that seems counter intuitive.

The strong force also is responsible for binding protons and neutrons together in the nucleus of
an atom. The attraction between nucleons caused by the strong force is substantially larger
than the electromagnetic force generated by the protons attempting to repel each other. It is
estimated that the strong force is at least 100 times greater (perhaps 7/a times greater) than
the electromagnetic force at a distance comparable to the radius of a proton (~10-1>m).

Previously in chapter 6 we calculated that the proposed wave model indicated that two quarks
should repel each other with a force equal to the rotar’s maximum force at a separation
distance equal to £, However, this repulsion is only one of two forces acting on quarks when
they are bound together in a hadron. The quark is also interacting with vacuum energy in a way
that vacuum energy is exerting a large pressure on the quark. An isolated electron has
symmetrical vacuum energy pressure exerted on the spherical quantum volume. However, a
quark bound in a hadron does not have symmetrical pressure. A feature that makes protons
and neutrons stable is that there is an interaction between adjacent quarks which cancels the
pressure normally exerted by vacuum energy on the part of the quark that is nearest its
neighbor quark. The remaining pressure applied over the remaining portion of the quark
exerts a force equal to the quark’s maximum force F, (previously calculated F, = P,RA).

This unbalanced pressure pushes the quarks together so it appears to be a force of attraction
(pseudo-attraction). Ultimately equilibrium is reached where the repulsive force between the
two quarks is equal to the maximum force Fn, and this also equals the vacuum energy force that
pushes the quarks together. Any attempt to either increase or decrease the separation would
result in a large force attempting to return the quarks to the separation where the opposing
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forces balance. This equilibrium is proposed to create the condition known as “asymptotic
freedom”.

A collision that attempts to remove a quark from a hadron increases the separation between
quarks beyond the equilibrium position. The repulsive force exerted by the other rotar rapidly
decreases as the separation is increased. Work is being done and it appears as if the pseudo-
attraction exerted by vacuum energy/pressure remains constant as the quarks are separated.
The decrease in the repulsive force exerted by the other rotar combined with a relatively
constant pseudo-attraction force results in a net force that appears to increase with distance.
The strong force is proposed to be the net force that results from the two opposing forces. This
net force (the strong force) approaches the maximum force as the separation increases.

This subject will be discussed further in chapter 12. All that is important for a comparison of
forces is that the magnitude of the strong force approaches the maximum force as quarks are
separated. For example, the up and down quarks that form an isolated proton would have a
maximum force of roughly 80,000 N. This maximum force is obtained from £, = m?c?/h where
the mass is approximately 1/3 the proton’s mass. The spacetime based model explains forces
without exchange particles. Therefore actions currently ascribed to gluons are replaced by
wave interactions between rotars and vacuum energy. The work done separating quarks
increases the energy of the quarks (rotars) and eventually the extra energy forms a new
meson.

Casimir Effect Similarity: This explanation for attraction (unbalanced pressure from vacuum
energy) has some similarities to the explanation for the Casimir effect. Previously it was
mentioned that the random waves in vacuum energy are creating all combinations and these
include spacetime waves that appear to be zero point electromagnetic radiation. When two
metal plates are brought close together, these conductive plates exclude electromagnetic waves
with wavelengths larger than the gap between the metal plates. These excluded
wavelengths/frequencies are still present on the opposite side of the metal plates. This slightly
lowers the pressure exerted by the dipole waves in spacetime (vacuum energy) between the
two plates compared to the pressure exerted on the outside of the metal plates where no waves
are excluded. Practical considerations such as surface smoothness, electrical conductivity and
metallic cut off frequency all serve to degrade the effect from the theoretical performance. The
Casimir effect has been experimentally verified to within about 5% accuracy. Assuming an
ideal electrically conductive surface, the theoretical pressure 2 generated by the Casimir effect
with gap size of “/* is:

P = (k) hc/r* Casimir Pressure Pfor parallel metal plates separated by “7*

This should be compared to the pressure Pexerted by vacuum energy on a rotar with quantum
radius Ry
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P = (k) hc/R,* [P= pressure exerted by vacuum energy on rotar with radius R,

It can be seen that these are the same form if gap size “/’ is equated to quantum radius £, and
the constant is ignored.

The point of this is that even electrostatic attraction or the strong force has a similarity to
the Casimir effect. The reasoning is that all of these attractions are the result of reducing
the pressure exerted by vacuum energy on one side of an object more than the pressure
exerted on the opposite side of the object.

This proposal makes attraction conceptually understandable. There is only one fundamental
force and this force is only repulsive. We live in a sea of vacuum energy. It is like a fish that
lives at great depth in the ocean. The fish is subject to great pressure, but the fish happily goes
about its life without realizing that there is any pressure. Only if something happens to create
an imbalance of pressure does the great pressure become evident. Even then, anything that
lowers the pressure on one side of an object appears to be creating an attraction. The force is
delivered by what appears to be a featureless environment (water for the fishes and vacuum
for us). Gravitational attraction will be discussed in the next chapter.

“Unity” Hypothesis

The wave-particle duality is perhaps the most basic mystery of quantum mechanics. Both
photons and particles exhibit properties that sometimes require a wave explanation and
sometimes require a particle explanation. It is possible to imagine a point particle that has a
percentage of its energy as a wave surrounding the point particle. However, the experiments
seem to indicate that sometimes there are 100% particle properties and other times there are
100% wave properties. These are such different concepts that they seem mutually exclusive.

Today’s physics puts the primary emphasis on the particle interpretation. The waves are
considered to be a property of particles rather than particle-like interactions being the
property of quantized waves. Not only are the leptons and quarks viewed as particles, but
photons, gravitons and gluons are also considered particles. The forces of nature are
considered to be carried by “exchange particles”. The wave properties of all particles are
recognized, but the particle properties are considered paramount.

My background is lasers and optics. In this field, the wave properties of light are considered
paramount. The particle properties of photons are important, but these particle properties are
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secondary to the wave properties when designing optics or lasers. It is easiest to think of a
photon as a quantized wave rather than a particle that possesses wave properties. In this
picture, a photon is a quantized wave that is distributed over a volume when the photon is in
flight. Absorption of a photon by an atom is easiest to picture as the quantized wave collapsing
into the absorbing atom. From this background, there is a predisposition to quantized waves
rather than particles. Having admitted my predisposition towards waves, [ will start my attack
on the concept that photons have particle properties by asserting the following:

There are no experiments that prove that photons have particle properties. All the
experiments like the photoelectric effect and atomic photon absorption merely prove that a
photon possesses quantized energy. Even Compton scattering will be shown in chapter 11
to have a wave explanation.

It is a common misconception to equate quantization with a particle. However, if spacetime is
visualized as the energetic spacetime of quantum mechanics, and if these vacuum fluctuations
have superfluid properties, then angular momentum must appear as quantized units. This
quantized angular momentum has as a byproduct that energy possessing angular momentum
also comes in quantized units. It has been proposed earlier that currently only about 1 part in
10120 of all the energy in the universe possesses quantized angular momentum. Energy that
possesses quantized angular momentum is the only energy with which we and our instruments
can interact. A photon can carry any energy up to Planck energy, but it always carries h of
quantized angular momentum (orbital angular momentum can add multiples of h, but this is a
special case). If we can only interact with quantized angular momentum, then everything we
interact with will be forced to possess quantized energy. Waves with quantized angular
momentum will appear to have particle-like properties.

We are amazed by the apparent mystery of the quantum mechanical properties of particles and
photons. However, we must remember that we are only interacting with the minute part of the
energy in the universe that possesses angular momentum. This minute part of the total energy
of the universe must follow the rules of quantized energy transfer. These rules are enforced by
the vast sea of vacuum energy in the superfluid state that surrounds us and fills the universe.
For example, a molecule isolated in a vacuum can only rotate at a fundamental rotational rate
or at integer multiples of this fundamental rotational rate. These quantized changes in energy
are associated with quantized changes in angular momentum. This mystery of quantum
mechanics becomes conceptually understandable when it is realized that the molecule really is
not isolated. It lives in a sea of superfluid vacuum energy that must isolate pockets of angular
momentum.

Enforcing this quantization of angular momentum requires that a unit of energy with quantized

angular momentum must be able to collapse faster than the speed of light. Is there any
experimental proof that faster than light action can occur? Next, we will attempt to explain how
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quantized waves in spacetime can exhibit particle-like properties. This explanation starts with
entanglement.

Entanglement — Unity Connection: Entanglement occurs when two or more photons or
particles interact in a way that their quantum states can only be described with reference to
each other. Separating these entangled photons or particles does not break the quantum
connection. Therefore, measuring a quantum property of one object affects the quantized state
of the second entangled object. This effect happens instantly, even at a large separation
distance. The existence of entanglement has been proven in many different experiments.

If entanglement provides an instantaneous response between two entangled particles or
photons, is it not reasonable that there should also be a similar effect within a single dipole
wave with quantized angular momentum? Chapters 11 and 14 will offer additional insights
into entanglement and the super luminal communication. For now we will merely accept
entanglement as an experimentally proven effect and examine the implications of its proposed
close relative, unity. A purely spacetime wave model of fundamental particles must explain
how a wave that is distributed over a volume can exhibit particle-like properties some of the
time. If a wave is envisioned as being divisible into smaller parts like a sound wave, then it is
impossible for such a wave to exhibit particle-like properties. However, a rotar is a dipole
wave in spacetime that is carrying a quantized amount of angular momentum in a sea of
vacuum energy that lacks angular momentum. This type of wave can change its energy in a
collision, but it always must carry the assigned quantized angular momentum of % A or 4, for a
rotar or photon respectively.

It is true that [ am not giving a conceptually understandable explanation of why a superfluid
cannot possess angular momentum and why any angular momentum that is present in the
superfluid is broken into quantized units. This is an experimentally observed property of
superfluid liquid helium and I believe that there is a theoretical explanation for the effect in
liquid helium. However, I must admit that I do not have a conceptually understandable
explanation for this when it is reduced to waves in spacetime. (This is a good project for
someone else.) However, if we assume quantized angular momentum exists, then it is easy to
see that a wave carrying quantized angular momentum must respond as a unit to a
perturbation. In a collision with another quantized wave, the wave with quantized angular
momentum must interact as a unit to precisely preserve the angular momentum.

The preservation of quantized angular momentum requires that the quantized wave
possess faster than speed of light internal communication. This is the proposed property
called *“unity”. The property of unity gives particle-like properties to a wave carrying
guantized angular momentum.
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The properties of spacetime determine the size (% /) of the quantized angular momentum. If
we accept this as a given, then the property of unity must be a component of any model of
particles based only on waves. Some events such as the emission of a photon from an atom
occurs over a long enough period of time that there is enough time for the quantized wave to
respond without the need to invoke super luminal communication (discussed later). However,
other events such as the collision of two rotars at relativistic speed requires that the rotar
respond in a time period faster than required for speed of light communication across the
physical size of the rotar’s quantum volume. The external volume of a rotar responds
differently and will be discussed later.

Nature is capable of super luminal communication as demonstrated by the many experiments
that prove the existence of entanglement. The same way that it is not possible to send a
message faster than the speed of light using entanglement, it also is not possible to send a
message faster than the speed of light when a quantized wave responds to a perturbation as a
single unit. This is merely an internal housekeeping function. The entire quantized wave (with
quantized angular momentum) must respond as if it is one entangled unit.

Assume that a rotar is the dipole wave model previously described. It is not possible to
interact with just 1% of a quantized dipole. It is not possible to transfer less than 7 of angular
momentum. Either 100% of the quantum volume responds to the interaction or none of the
quantum volume responds. If there is a transfer of angular momentum, it always occurs in
quantized units of 4. The communication within a single quantized quantum volume would be
instantaneous, just like the response involving two entangled particles. In fact, the response
within a single quantized wave should be better than when two photons or two particles are
entangled.

Sixth Starting Assumption. A wave in spacetime with quantized angular momentum
responds to a perturbation as a single unit. This superluminal internal communication
gives the quantized wave, particle-like properties.

Unity is proposed to be the property responsible for the mysterious wave-particle duality
present everywhere in nature. Every physical entity in the universe is made of dipole waves in
spacetime. Unity permits these waves to respond with particle-like properties, but the
response exhibits a probabilistic characteristics. Recall the incredibly small distortion of
spacetime that forms a fundamental rotar. “Finding” a particle somewhere within a quantized
dipole wave is really unity causing the quantized wave to interact with a probe (another wave)
in a way that appears to exhibit particle-like properties at a single location. The particle-like
properties of a quantized wave can exhibit discontinuous jumps because interacting with the
quantized wave can happen at any part of the volume containing the quantized wave. The
interaction and the apparent location of the interaction is a probabilistic event.
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Collapse of the Wave Function: A “collapse of the wave function” in quantum mechanics is
proposed to be related to the property of unity. However, this connection is complicated by the
fact that often the mathematical expression of a wave function includes boundary conditions
not encountered by isolated rotars. For example, a “particle in a box” or an electron bound in
an atom both have restrictive boundary conditions that change the distribution of spacetime
waves compared to an isolated rotar. These are more complicated conditions that will be
discussed later.

In quantum mechanics, the physical interpretation of the collapse of the wave function is
literally that the probabilistic wave properties of a point particle disappear (collapse) when the
particle is “found”. The physical interpretation of unity is that a rotar’s wave properties remain
after it is “found”. The distributed wave of a rotar just responds to a probe (another wave) as a
quantized unit.

Since the rotar is distributed over a volume, there is internal communication within the rotar
that occurs faster than the speed of light. Therefore, the rotar responds to a perturbation as if
it was concentrated at a single location. Unity allows fundamental rotars to respond to a
relativistic collision by momentarily shrinking the radius of the rotating dipole as a single
cohesive entity. This reduction in quantum radius happens faster than the speed of light, so it
is impossible to detect a fundamental particle’s size using inferences from collisions. In a
collision, the angular momentum remains constant, but the frequency and energy increase as
the radius decreases. The quantized wave appears to be a point concentration of mass/energy
that discontinuously changes location. There is just no literal collapse of waves into a point
particle.

The characteristic of unity is the final piece of the puzzle required for fundamental rotars to
appear to be point particles. In experiments that attempt to measure the size of the
fundamental rotars, the resolution of the experiment depends on the energy of the collision.
Imagine two rotars colliding at relativistic velocity. In the interaction, the kinetic energy is
temporarily converted to internal energy of the two rotars. In order to preserve the angular
momentum of the rotar, it is necessary for the rotar to reduce its quantum radius from the size
characteristic of an isolated rotar to the size appropriate for a rotar that has absorbed extra
energy. This temporary size reduction gives the energetic rotar a quantum radius comparable
to the resolution limit of the collision experiment. Not only does the rotar reduce the size of &,
in a collision, but this reduction happens faster than the speed of light. The entire energy in the
quantum volume reacts as a unit, so the inertia appears to originate from a point. The location
of that point is probabilistic, so it can appear that a rotar moves in discontinuous jumps. Later
we will address the question of the small amount of a rotar’s energy that is external to the
quantum volume and responds differently.
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Partial Explanation of Unity: The following partial explanation of unity is offered for rotars
that exhibit rest mass. Unity within photons will be discussed later. It is hoped that others can
improve on this partial explanation.

All rotars with rest mass are proposed to be quantized waves circulating at the speed of light in
a confined volume. Even though the circulation happens in a limited volume, the fact remains
that these waves do not experience time or distance. There is a fundamental difference
between the way we perceive the universe (3 spatial dimensions plus time) and the way
quantized waves traveling at the speed of light perceive the universe. They live in a zero
dimensional universe. Dipole waves in spacetime consider the universe to be a single point.

[t should not be surprising that we find many alien characteristics when we transfer from the 4
dimensional macroscopic perspective into the zero dimensional quantum perspective. Within
a quantized wave circulating at the speed of light there is no time and no distance. This gives
rise to both the proposed property of unity and to entanglement. Since the rotar perceives that
there are no spatial dimensions, an interaction with the rotar cannot take place with only a
small portion of the rotar. Itis all or nothing.

In this book [ have attempted to make quantum mechanical operations conceptually
understandable. The above explanation of unity and entanglement is really only a partial
explanation. In chapter 11 a model of two entangled photons will make entanglement more
understandable. In the cosmology chapters 13 and 14 a new picture of the universe will be
offered which will further improve the explanation of unity and entanglement.
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Chapter 8

Analysis of Gravitational Attraction

In chapter 6, the reader was asked to temporarily consider all forces to be repulsive. This was
a simplification which allowed the calculations in chapter 6 to proceed without addressing the
more complicated subject of attraction. In chapter 7, vacuum energy/pressure was introduced
as an essential consideration in the generation of all forces, but especially forces that produce
attraction. In this chapter we are going to attempt to give a conceptually understandable
explanation for the force of attraction exerted by gravity when a body is held stationary
relative to another body.

Physical Interpretation of General Relativity: Einstein’s general relativity has passed
numerous experimental and mathematical tests. This mathematical success has convinced
most physicists to accept the physical interpretation usually associated with these equations.
However, the most obvious problem with the physical interpretation is examined in the
following quotes. The first is from B. Haisch of the California Institute of Physics and
Astrophysics.

“The mathematical formulation of general relativity represents spacetime as
curved due to the presence of matter.... Geometrodynamics merely tells you what
geodesic a freely moving object will follow. But if you constrain an object to follow
some different path (or not to move at all), geometrodynamics does not tell you
how or why a force arises.... Logically you wind up having to assume that a force
arises because when you deviate from a geodesic you are accelerating, but that is
exactly what you are trying to explain in the first place: Why does a force arise
when you accelerate? ... This merely takes you in a logical full circle.”

Talking about curved spacetime, the book Pushing Gravity (M. R. Edwards) states:

“Logically, a small particle at rest on a curved manifold would have no reason to end
its rest unless a force acted on it. However successful this geometric interpretation
may be as a mathematical model, it lacks physics and a causal mechanism.”

General relativity does not explain why mass/energy curves spacetime or why there is a force
when an object is prevented from falling freely in a gravitational field. If restraining an object
from following a geodesic is the equivalent of acceleration, then apparently the gravitational
force is intimately tied to the pseudo force generated when a mass is accelerated. In the
standard model, particles possess no intrinsic inertia. They gain inertia from an interaction
with the Higgs field. Is the Higgs field also necessary to generate a gravitational force when a
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particle without intrinsic inertia is prevented from following the geodesic? Is the Higgs field
always accelerating towards a mass in an endless flow that attempts to sweep along a
stationary particle? The standard model does not include gravity. Is gravity a force?

The point of these questions is to show that there are logical problems with the physical model
normally associated with general relativity. The equations of general relativity accurately
describe gravity on a macroscopic scale. However, these equations are silent as to the physical
interpretation, especially at a scale (spatial or temporal) where quantum mechanics takes over.

Gravitational Nonlinearity Examined: Previously we reasoned that spacetime must be a
nonlinear medium for waves in spacetime and gravity is the result of this nonlinearity. At
distance R, from a rotar we calculated the gravitational force using one of the 5 wave-
amplitude equations F = H?w? ZA/c. In this calculation we substituted # = Hg? = (L,/Ry)? =
(Tywe)?. Also the angular frequency w is equal to the rotar’s Compton frequency w = w. At
distance R, of two of the same rotars we obtained F = Gm?/R, . This is the correct magnitude
of the gravitational force between two rotars of mass m, but there are two problems. First: the
equation F= H?’w?ZA/c s for a traveling wave striking a surface. This traveling wave implies
the radiation of power that is not happening. Second: a wave in spacetime traveling at the
speed of light generates a repulsive force if it interacts in a way that the wave is deflected or
absorbed. Gravity is obviously an attractive force. We have the magnitude of the force correct,
but the model must be refined so that there is no loss of power and so that the force is an
attraction.

There are several steps involved, and it is probably desirable to begin with a brief review.
Recall that there are two types of amplitude terms for waves in spacetime: displacement
amplitude and strain amplitude. The maximum displacement of spacetime allowed by
quantum mechanics is a spatial displacement of Planck length or a temporal displacement of
Planck time. Since these are oscillation amplitudes, we sometimes use the term “dynamic
Planck length Z,” or “dynamic Planck time 7,”. As previously explained, these distortions of
spacetime produce a strain in spacetime. The strain is a dimensionless number equivalent to
Al/lor At/t In this case 41/1 = L,/R,and At/t = Thw.

In chapter 5 we imagined a hypothetical perfect clock placed at a point on the “quantum circle”
of a rotar as illustrated in figure 5-1. This is the imaginary circle with radius equal to the
quantum radius £, This clock (hereafter called the “dipole clock” with time 74) was compared
to the time on another clock that we called the “coordinate clock” (with time ¢). This
coordinate clock is measuring the rate of time if there was no spacetime dipole present. It is
also possible to think of the coordinate clock as located far enough from the rotating dipole that
it does not feel any significant time fluctuations. Figure 5-3 shows the difference in the
indicated time At=1s-t. The dipole clock speeds up and slows down relative to the
coordinate clock and the maximum difference is dynamic Planck time 7, Therefore 7, is the
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temporal displacement amplitude. There is also spatial displacement amplitude that is equal to
dynamic Planck length Z, The strain of spacetime produced by these displacements of
spacetime is depicted in figure 5-4. Within the quantum volume, the strain of spacetime is
designated by the strain amplitude Hs = T,w. = L,/R,. This is equivalent to the maximum slope
of the sine wave which occurs at the zero crossing points in figure 5-3.

Nonlinear Effects: The above review now has brought us to the point where we can ask an
interesting question: Does the dipole clock always return to perfect synchronization with the
coordinate clock at the completion of each cycle? In other words, does the dipole clock show a
net loss of time compared to the coordinate clock? If spacetime has no nonlinearity then the
clocks would remain substantially synchronized. However, if there is nonlinearity, the dipole
clock would slowly lose time.

As previously explained, the strain of spacetime (instantaneous slope in figure 5-3) has a linear
component and a nonlinear component. The proposed spacetime strain equation for a point on
the edge of the rotating dipole is:

Strain = Hpsinwt + (Hpsinwt)?... (higher order terms ignored)

The linear component is “Hg sinwt’ and the nonlinear component is (Hp sinwt)?. There would
also be higher order terms where Hy is raised to higher powers, but these would be so small
that they would be undetectable and will be ignored. This nonlinear component can be

expanded:

(Hpsinwt)? = H sinwt = ¥ Hg? - ¥ Hg? cosZwt
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Figure 8-1 plots the linear component (Hp sinwt) and the nonlinear component (Hzsinwt)?
separately. It can be seen that the nonlinear component is a smaller amplitude because Hp < 1
and squaring this produces a smaller number. Also the nonlinear component is at twice the
frequency of the linear component. Most importantly, the nonlinear component is always
positive. Making an electrical analogy, this can be thought of as if the nonlinear wave has an AC
component and a DC component. It is obvious that when the linear and nonlinear waves are
added together, the sum will produce an unsymmetrical wave that is biased in the positive
direction.

It was necessary to use some artistic license in order to illustrate these concepts in figure 8-1.
For fundamental rotars the value of Hp is roughly in the range of 10-20. This means that
HgZ~ 104 and therefore Hp is approximately 1020 times larger than H It would be
impossible to see the plot of Hg?sin?wt without artificially increasing this relative amplitude.
Therefore, the assumed value in this figure is Az = 0.2. In this case the difference between Hp
and Hg is only a factor of 5 rather than a factor of roughly 1020. Therefore, for fundamental
rotars it is necessary to mentally decrease the amplitude of the nonlinear wave by roughly a
factor of roughly 1020,
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When we add the two waves together we obtain the plot in figure 8-2. Because of the artistic
license, it is visually obvious that this is an unsymmetrical wave. There is a larger area under
the positive portion of the wave than the area under the negative portion of the wave. The
peak amplitude for the positive portion is Hg + Hp? while the negative portion has peak
negative amplitude of: - Hz + Hg% If this was a plot of electrical current, we would say that this
unsymmetrical wave had a DC bias on an AC current. To use the analogy further, it is as if the
nonlinearity causes spacetime to have the equivalent of a small DC bias in its stress.

The dipole clock does not return to synchronization with the coordinate clock each cycle.
Figure 8-3 attempts to illustrate this with a greatly exaggerated plot of the difference between
the coordinate clock and the dipole clock. The X axis of this figure is time as indicated on the
coordinate clock while the Y axis is the difference between the coordinate clock and the dipole
clock (¢ - 7). If the two clocks ran at exactly the same rate of time, the plot would be a straight
line along the X axis. Normally this plot for a few cycles should look like a sine wave similar to
figure 5-3. However, the purpose of figure 8-3 is to illustrate that over time the coordinate
clock pulls ahead of the dipole clock (or the dipole clock loses time). Therefore, for purposes of
illustration, this effect of the accumulated time difference has been exaggerated by a factor of
roughly 1022,

The unsymmetrical strain plot in figure 8-2 produces a net loss of time on the dipole clock
relative to the coordinate clock. In the first quarter cycle of figure 8-3, the coordinate clock falls
behind the dipole clock by an amount approximately equal to Planck time. This occurs when
the fast lobe of the rotating dipole passes the dipole clock first. However, with each cycle, the
coordinate clock gains a small amount of time on the dipole clock. The amount of time gained
per cycle is illustrated by the gap labeled “Single cycle time loss”. This is equal to 7,°w. which
is about 2.2 x 10-%¢ s for an electron.

The point of figure 8-3 is to illustrate the contribution of the nonlinear effect. The nonlinear
wave with strain of HgZsin‘wt at distance R, produces the contribution that causes the net loss
of time for the dipole clock relative to the coordinate clock. This net time difference between
the two clocks (after subtracting Hp sinwt) is shown as the wavy line labeled “nonlinear
component”. The average slope of this line is equal to the gravitational magnitude for the
quantum volume which has been designated as Hz = £, For an electron this slope is about
1.75 x 10-4> which means that it takes about 30 seconds for the coordinate clock to have a net
time gain of Planck time over the dipole clock. This takes about 4 x 102! cycles rather than 4
cycles as illustrated in figure 8-3. If we subtracted the nonlinear wave component from figure
8-3, we would be left with a sine wave with amplitude of 7.

The slope on this nonlinear wave component is 4 at distance R, which is obtained from the
strain equation:
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Hpsinwt + (Hpsinwt)? = Hgsinwt - % Hg? cos2wt + % Hf
The important part has been made bold for emphasis.

Connection to the Gravitational Magnitude #: The DC equivalent term (non-oscillating
term) is % Hp?. We have been ignoring dimensionless constants throughout this book, so we
will ignore the %2 and concentrate on Hg% This is the square of a rotar’s strain amplitude at
distance R,

2

L Gm?
Hi = R—'; = Tfwé=——=f,  wheref,= fatarotars R,
q
Hg = f5g

Therefore, the equivalent of a DC bias term from the nonlinear wave component (Hg?) is equal
to the gravitational magnitude £ of the rotar at distance R, This equality makes use of the

2Gm  Gm

~ —_—

C2R  c?r

approximation previously discussed: f=1 — |1 -

For a single electron at distance &, this approximation is accurate to better than one part in
1044, For many of the more massive rotars the approximation is accurate to roughly one part in
1040, Therefore this approximation is treated as being exact when we are dealing with the
gravity of single rotars. Another equality for fis:

dt dt-drt
P10~ &

approximation valid when dt >> (dt - dr)

pdt ~ (dt - dr)

The approximation of f =~ (dt - dt)/dt is also virtually exact for a single rotar and it will be
treated as exact. Since dtis the rate of time on the coordinate clock and dt is the rate of time on
the dipole clock, we have Hg? = (dt - dt)/dt and the time dilation has been tied to the nonlinear
term Hy at distance R, from a rotar.

Non-Linear Effects in the External Volume: At distance greater than R, from a single rotar,
the non-oscillating strain amplitude will decrease in a way that matches up to Az when r = R,
Since we know that Hz = [, at the distance of the quantum radius, the connection to the
gravitational magnitude £ has been established. Our knowledge of £ as a function of mass and
distance (f = Gm/c?r) can be used to determine how the non-oscillating strain amplitude
decreases with distance.
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S (@) (0) o () gy (M)er, mi
" ¢2r \ hc mcr set: he / & me) ¢ 5= Lo/Rq

R
L =Hg (Tq) = HF/N  non oscillating term (the strain amplitude) in the external volume

The term r/R, will be used numerous times in the remainder of this book both in the
explanation of gravity and later in the explanation of the electromagnetic force. When we move
into the external volume of a rotar, it will be shown that everything becomes very simple if we
express distance from a rotar as a dimensionless number V' equal to the number of quantum
radius units £, (reduced Compton wavelengths A.). Therefore the definition of V is:

Therefore, the non-oscillating amplitude (strain amplitude) associated with gravity scales as
HF(Ry/r) = HF/N. While we assumed a connection between the gravitational magnitude 8
and the nonlinear strain amplitude Az to obtain this relationship, the fact that the equation is
so physically reasonable can be used to support a causal connection between gravitational
magnitude and non-oscillating strain amplitude. We know that waves of all types with
wavelength A that emit into 4m ster-radians decrease amplitude proportional to A/r: Since
Ac =2nR, (where A: equals Compton wavelength) it is reasonable that the non-oscillating
strain amplitude would scale proportional to R,/r = 1/N. The gravitational magnitude £ of a
rotar also scales proportional to Az because this is the nonlinear component of the quantum
volume strain amplitude Hp Recall that spacetime is a nonlinear medium for Planck amplitude
waves in spacetime and the nonlinearity is proportional to amplitude squared. Therefore, it
appears as if the rotar model and other proposals offered here give a reasonable and
conceptually understandable explanation for curved spacetime. Recall that:

_dt_dL

dt dR
dt dR
T )

Oscillating Component of Gravity: There is proposed to be another residual gravitational
effect that has not been observed because it is oscillating and too weak. In figure 8-3 the
non-linear wave component is shown as a wavy line labeled “nonlinear component”. We can
interact with the non-oscillating part of this line responsible for gravity, but there is also a
residual nonlinear oscillating component. At distance R, this oscillating component has
amplitude Hg? and frequency Zw. What happens to this oscillating component beyond &, in
the external volume? We know that the few frequencies that form stable and semi stable rotars
exist at resonances with the vacuum fluctuations of spacetime which eliminate energy loss. If
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the amplitude of the oscillating component was Hg/N, then there would be continuous
radiation of energy. Energetic composite particles such as protons or neutrons would radiate
away all their energy in a few million years. In the chapter 10 an analogy will be made to the
energy density of a rotar’s electric field. The amplitude term for the oscillating component of
gravity will then be proposed to scale as Az /N?2. This would be an extremely small amplitude
and furthermore it is a standing wave that does not radiate energy.

Summary: Since we need to bring together several different components to achieve
gravitational attraction, we will do another review. This time we will emphasize the role of
vacuum energy, circulating power, the canceling wave and non-oscillating strain in spacetime.

A rotar is a rotating spacetime dipole immersed in a sea of vacuum energy which is equivalent
to a vacuum pressure. This vacuum energy/pressure is made up of very high energy density
(> 10%]/m3) dipole waves in spacetime that lack angular momentum. The rotar also has a
high energy density that is attempting to radiate away energy at the rate of the rotar’s
circulating power. The rotar survives because it exists at one of the few frequencies that
achieve a resonance with the vacuum energy/pressure.

This resonance creates a new wave that has a component that propagates radially away from
the rotating dipole and a component that propagates radially towards the rotating dipole.
(Tangential wave components are also created, but these add incoherently and effectively
disappear.) The resonant wave that is propagating away from the dipole cancels out the
fundamental radiation from the dipole. Besides having the correct frequency and phase to
produce destructive interference, the canceling wave also must match the rotar’s circulating
power. This means that the correct pressure is generated from the vacuum energy/pressure
that is required to contain the energy density of the rotar. Only a few frequencies that form
stable rotars completely satisfy these conditions.

For example, an electron has a circulating power of about 64 million watts. In order to cancel
this much power from being radiated from the quantum volume, the cancelation wave
generated in the vacuum energy must have an outward propagating component of 64 million
watts and an inward propagating component of the same power. The recoil from the outward
propagating component provides the pressure required to stabilize the rotating dipole that is
the rotar (the electron). This pressure can be thought of as being carried by the inward
propagating component that replenishes the rotating dipole.

If it was possible to see this process, we would not see the cancelation wave. We would only
see that the rotating dipole did not seem to be emitting any radiation and that there were some
smaller amplitude standing waves in the external volume. These standing waves are
responsible for the rotar’s electric field (discussed later). We would also see that there was a
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slight residual strain in spacetime with strain Hg/N = f. The gravitational magnitude £ of a
single rotar at distance r from the rotar is:

B=HZ/N =Hpl,/r~Cm/c’r=1-—=1-—

These are approximations that are virtually exact for single rotars.

Therefore we have succeeded in producing a non-oscillating strain of spacetime that
produces the time dilation (dr versus dr) and the non-Euclidian effect on space (dL versus
dR). Together this is the curvature of spacetime that we associate with gravity.

Newtonian Gravitational Force Equation: There are still two more steps before we arrive at
the explanation that gives the correct attracting force at arbitrary distance between two rotars.
We will start by assuming two of the same rotars (mass m) separated by distance r. It was
previously explained that deflecting all of a rotar’s circulating power generates the rotar’s
maximum force £, A rotar always depends on vacuum energy to contain its circulating power.
When the rotar is isolated, the force required to deflect the circulating power is balanced.
However, a gravitational field produces a gradient in the gravitational magnitude df/dr.

When a first rotar is in the gravitational field of a second rotar, there is a gradient dg /dr
that exists across the quantum radius of the first rotar. This means that there is a slight
difference in the force exerted by vacuum energy/pressure on opposite sides of the first
rotar. This difference in force produces a net force that we know as the force of gravity.

This will be restated in a different way because of its importance. Imagine mass m; being a
rotar (rotating dipole) attempting to disperse but being contained by pressure generated
within the vacuum energy/pressure previously discussed. This pressure exactly equals the
dispersive force of the dipole wave rotating at the speed of light. However, if there is a gradient
in the gravitational magnitude df/drthen there is a gradient across the rotar which we will call
A4p. This affects the normalized speed of light and the normalized unit of force on opposite sides
of the rotar. Recall from chapter 3 we had:

Co=TC; normalized speed of light transformation
Fo, =T F, normalized force transformation
['~1+f approximation considered exact for rotars

Therefore, because of the strain in spacetime, the two sides of the rotar (separated by R;) are
living under what might be considered to be different standards for the normalized speed of
light and normalized force. On an absolute scale, it takes a different amount of pressure to
stabilize the opposite sides of the rotar because of the gradient 45 across the rotar. The net
difference in this force is the force of gravity exerted on the rotar.
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We will first calculate the change in gravitational magnitude 44 across the quantum radius &y
of a rotar when it is in the gravitational field of another similar rotar (another rotar of the same
mass). In other words, we will calculate the difference in £ at distance r and distance r + R,
from a rotar of mass m.

A8 = (G—m) — Gm ~ SR imati lidif R, <<
5= pr 2(r+Ry) = approximation valid if R, <<r

The force exerted by vacuum energy/pressure on opposite hemispheres of the rotar is equal to
the maximum force F, = m?c®/h. The difference in the force (absolute value) exerted on
opposite sides of the rotar is the maximum force times 46. Therefore, the force generated by
two rotars of mass m separated by distance r is:

B B Gqu) m2¢c3 _(Gm) h m2c3 _sz
F_A’BFm_(czr2 ( h )_ c2r2 (mc)( h )_ T2

If we have two different mass rotars (mass m; and mass m_), then we can consider mass m; in
the gravitational field of mass m_.. In this case, R; and F, are for mass m; and 46 is change in
the gravitational magnitude from mass m-across the quantum radius &, from mass m;.

. szqu) (m% C3) _ (sz) ( h ) (m%c3)
Fy=4B Fn~ ( c?r2 h “\c2rz) \myc h

Gmlmz

F =

2 Newtonian gravitational force equation derived from a dipole wave model

Gravitational Attraction: We have derived the Newtonian gravitational equation from
starting assumptions, but we still have not shown that this is a force of attraction. However,
from the previous considerations, this last step is easy. There is a slightly different pressure
required to stabilize the rotar depending on the local value of f or I' (in weak gravity
[' #1 + f). This can be considered as a difference in net force exerted by vacuum energy on the
hemisphere of the rotar that is furthest from the other rotar compared to the hemisphere that
is nearest the other rotar. The furthest hemisphere has a smaller average value of ' than the
nearest hemisphere. The normalized speed of light is greater and the normalized force exerted
on the farthest hemisphere must be greater to stabilize the rotar. This produces a net force in
the direction of increasing I The magnitude of this force is F = Gmm_z/r? and the vector of this
force is in the direction of increasing I' (towards the other mass).

We consider this to be a force of attraction because the two rotars want to migrate towards

each other (increasing I'). However, the force is really coming from the vacuum energy
exerting a repulsive pressure. There is greater normalized pressure being exerted on the side
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with the lower I'. The two rotars are really being pushed together by a force of repulsion that is
unbalanced.

Corollary Assumption: The force of gravity is the result of unsymmetrical pressure exerted
on a rotar by vacuum energy. This is unbalanced repulsive force that appears to be an
attractive force.

Example: Electron in Earth’s Gravity: We will do a plausibility calculation to see if we
obtain roughly the correct gravitational force for an electron in the earth’s gravitational field
based on the above explanation. We will be using values for the electron’s energy density and
the electron’s maximum force that were previously calculated by ignoring dimensionless
constants. Therefore, we will continue with this plausibility calculation that ignores
dimensionless constants. An electron has internal energy of 8.19 x 10-14 ] and a quantum radius
of 3.86 x 10-13 m. Ignoring dimensionless constants, this gives an energy density of about
1.4 x 1024 J/m3. This rotar model of an electron is exerting a pressure of roughly 1.4 x 1024
N/m?2. This pressure produces the rotar’s maximum force which for an electron is £, =0.212 N
(obtained from P./c = P;R7 ~ 1.4 x 1024 N/m? x R/7).

At the surface of the earth the gravitational magnitude is: f ~ 6.95 x 10-10. To obtain the
gradient in this magnitude we divide by the earth’s equatorial radius 6.37 x 10® m to obtain a
gradient of df/dr = 1.091 x 10-1®/m. The change in gravitational magnitude 4% across the
quantum radius (3.862 x 10-13 m) of an electron is:

46 =(1.091x1016/m) (3.862x 103 m) =4.213x102° AFacross an electron’s &,
Therefore the difference in force across the quantum radius of an electron in the earth’s
gravitational gradient is 44 times the electron’s maximum force F, = .212 N = the force being
exerted on opposite hemispheres of the rotar if there was no gravitational gradient. The
earth’s gravitational gradient produces a net difference in the maximum force exerted on
opposite sides of the electron as previously explained. The difference in force 4Fis:

AF =AB Fp=4213x10%x.212 N =8.89x 103N

This is the correct force exerted on an electron by the earth’s gravity with: g=9.78 m/s?

F=mg=9.1x1031kgx9.78m/s? =~ 8.89x 103N

Apparently the ignored dimensionless constants cancel. This is another successful plausibility
test.
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At the beginning of this chapter two quotes were presented that pointed out that general
relativity does not identify the source of the force that occurs when a particle is restrained from
following the geodesic. M. R. Edwards states: “However successful this geometric
interpretation may be as a mathematical model, it lacks physics and a causal mechanism.” The
ideas proposed in this book give a conceptually understandable explanation for both the
magnitude and the vector direction of the gravitational force. The gravitational force was
obtained from the starting assumptions without using analogy of acceleration.

Connection between Gravitational Force and Electromagnetic Force: In chapter 6 we
found that there is a logical connection between the gravitational force and the electromagnetic
force. The force relationship becomes very simple between two of the same fundamental

particles (m; = m;) with Planck charge (¢ = ¢, = /4me,hc) and separated by their quantum
radius (r = R;). When the forces are expressed in Planck units the equation obtained in
chapter 6 was: Fy = F¢?. Recall from chapter 6 that the symbol F:is used to represent force
between hypothetical particles with Planck charge (gy) and % is used for elementary charge e
Now we will generalize this to an arbitrary separation distance. There are several ways of
doing this, but the one that preserves the importance of the size of the rotar (preserves the
relationship to &) is to specify the separation distance as a multiple of the quantum radius &,
Recall that the quantum radius is equal to the reduced Compton wavelength A = R, = ¢/w. =
h/mc. Therefore, we want to specify the separation distance in terms of the dimensionless
ratio: N' =r/R, = r(mc/h). Therefore when two of the same mass particles with hypothetical
Planck charge are separated by V' units of &, the relationship between the gravitational force
and the electromagnetic force (in Planck units) is:

F,= F2N2 where V' =r/R, = r(mc/h) (dimensionless ratio)

G%m?
r2ct

This can be demonstrated by showing that both sides of this equation equal:

F _Fg (sz) (G) _ G*m?
L9— Fp N\ r2 ct) T r2c4
oo (FET 2_ ( a3 )2 (G)Z (rmc)z_ (hzcz) (Gzrzmz) _ G*m?
= B FyRy ~ \4me,r? c* h o\ c%hZ T or2ct

A previously stated fundamental assumption of this book is that there is only one truly
fundamental force £ = P,/c. If this is correct, then we would expect that the force relationship
between rotars would also be a simple function of the rotar’s circulating power. When we state
both force and circulating power in dimensionless Planck units at distance Rq we obtained:
Fc=P; and Fy; = P2. Now we can generalize these relationships to any separation distance
using IV as follows:
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F,=PZ?/N? gravitational force between two rotars (/m = m,) separated by V' units of R,
F:=P;/N? electrostatic force - two rotars (¢ = g) and (11 = m1,) separated by V' units of R,

So far we have dealt with two of the same rotars. This can be broadened to two different
rotars. Rotar #1 has circulating power of P¢; and rotar #2 has circulating power of P, (both in
Planck units of power). Rotars 1 and 2 also have quantum radius R, and quantum radius R,
The separation distance ris designated by N1 = r/R,; and N2 = r/R,2. The gravitational and
electromagnetic forces between these two different rotars in Planck units of force are:

Eg = BClI_)CZ/NlNZ
Fe = (PaPo)V? [ N1V

These equations can be rewritten using the Compton angular frequencies wc1 and wc; using the
substitutions from chapter 6 of : P = w:?

Fg = (0000) /NN,
Fr= @c@cz)/NlNz

The reason for making this substitution is that these two equations help to illustrate the point
that gravity only differs from the electromagnetic force by a square term when the two force
equations (F; = Gmnp/r? and Fr = gpy%/4msr?) are written using only the wave properties of
fundamental particles and expressing force on the absolute force scale that sets Planck force
equal to 1. Previously we discussed the square relationship between forces with Fy; = F#2.
However, that equation might be considered somewhat suspect since it assumed a single
separation distance of r= A. = R;. However, the above equations are for arbitrary separation
distance and two different mass particles. The only difference between the above two
equations is that the gravitational equation has (qucz)2 while the electromagnetic equation
has (@c1@¢2) with no square. Even for physicists that might not agree with the concepts in this
book, these equations are undeniably correct. They clearly show this previously unknown
square relationship. This relationship reveals itself when the separation distance is expressed
in as V" multiples of the reduced Compton wavelength A. (multiples of R;) and referencing the
absolute force scale that sets the largest possible force equal to 1.

[ propose that this insight is an important step towards the unification of forces. The standard
model does not include gravity and general relativity considers gravity not to be a true force.
The argument made here is that the electromagnetic force is considered to be a true force. If
there is a close relationship between the gravitational force and the electromagnetic force
when both forces are expressed using the wave properties of fundamental particles, then
gravity must also be a true force. However, these equations seem to be incompatible with the
commonly held physical interpretation that forces are transferred by messenger particles such
as gravitons or virtual photons.
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The spacetime-based model described in this book is not only compatible with this square
force relationship, this model actually predicted this force relationship. There was a time when
I realized that the rotar and force model was implying that there must be this square force
relation between the gravitational force and the other three forces. Once I realized that this is a
prediction of the model, it was easy to prove that this prediction is correct.

So far we have assumed Planck charge which set the electrostatic coupling constant equal to 1.
However, now we will switch to assuming elementary charge e which is signified by using the

symbol £ for force generated by charge e. Making the substitutions g, = /4ms,hc = e/\a
and a = €2/4n&,fic, we obtain:

Fe = a(@a@c)/N1N2
Ee = (X(}_)c1£c2)1/2/N1N2

The electromagnetic force equation Fe = a(@a®c)/N1N2 is particularly interesting. For
example, suppose that there is an electron and a muon at separation distance r. They both have
charge e but their Compton frequencies (masses) differ by about a factor of about 206. The
current understanding of the laws of physics assumes that both are point particles or vibrating
strings.  Electrical charge is regarded as a mysterious property that lacks physical
understanding. Therefore, the understanding of the electrostatic force between two charged
objects ignores the importance of the frequency (mass) of the two particles because this term
cancels.

However, the above equation for electrostatic force says that the spacetime wave model of the
universe does not ignore the frequency/mass difference. The frequency term is present in both
the numerator and denominator. The numerator is obvious, but the number of wavelengths in
the separation distance also carries frequency dependence (N'1N2 = wei1weer?/ ). Therefore
for the electrostatic force equation the frequency terms cancel and the magnitude of the force is
independent of frequency. However, if we look at the waves in spacetime that actually
generate the effect that we call an electric field, the waves in spacetime are different for an
electron and a muon.

While this analysis relates force frequency and circulation power, it does not address the
following question: Exactly what is an electric field? What distortion of spacetime takes place
to produce an electric field? A more complete explanation of the electromagnetic force, charge
and electric fields will be given in chapters 9 and 10. It will be shown that there is both an
oscillating component and a non-oscillating component to an electric field.

Gravitational Rate of Time Gradient: In the weak field limit, it is quite easy to extrapolate
from the gravitational magnitude £ produced by a single rotar at a particular point in space to
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the total gravitational magnitude produced by many rotars.  Nature merely sums the
magnitudes of all the rotars at a point in space without regard to the direction of individual
rotars. The gravitational acceleration gwas previously determined to be:

g=cdf/dr =-c d(dr/dt)/dr.

A gravitational acceleration of 1 m/s? requires a rate of time gradient of 1.11 x 10-17 seconds
per second per meter. The earth’s gravitational acceleration of 9.8 m/s? implies a vertical rate
of time gradient of 1.09 x 10-1¢ meter-l. This means that two clocks, with a vertical separation
of one meter at the earth’s surface, will differ in time by 1.09 x 10-1¢ seconds/second. Similarly,
there is also a spatial gradient. A gravitational acceleration also implies that there is a
difference between circumferential radius R and radial length L. In the earth’s gravity this
spatial difference is 1.09 x 10-1® meters/meter (f ~ 1 - dR/dL).

Out of curiosity, we can calculate how much relative velocity would be required to produce a
time dilation equivalent to a one meter elevation change in the earth’s gravity. If elevation 2 is
1 meter higher than elevation 1, then: dt;/dt;=1 - 1.09 x 10-16. Using special relativity:

dt,

2
) set dt;/dt-=1-1.09x10-16
dt,

v=_C 1—(

v=44m/s

This 4.4 m/s velocity is exactly the same velocity as a falling object achieves after falling
through a distance of 1 meter in the earth’s gravity. Carrying this one step further, an observer
in gravity perceives that a clock in a spaceship in zero gravity has the same rate of time as a
clock in gravity, if the spaceship is moving at a relative velocity of v, the gravity’s escape
velocity. For example, an observer on earth would perceive that a spaceship in zero gravity
moving tangentially at about 40,000 km/hr has the same rate of time as a clock on the earth.
On the other hand, an observer in the spaceship perceives that a clock on the earth is slowed
twice as much as if there was only gravity or only relative motion.

Equivalence of Acceleration and Gravity Examined: Albert Einstein assumed that gravity
could be considered equivalent to acceleration. This assumption obviously leads to the correct
mathematical equations. However, on a quantum mechanical level, is this assumption correct?
Today it is commonly believed that an accelerating frame of reference is the same as gravity if
the volume is small enough that tidal effects can be ignored and all external clues are
eliminated. A corollary to this is that an inertial frame of reference eliminates gravity. The
implication is that gravity is not as real as an electron or a photon which cannot be made to
disappear merely by choosing a particular frame of reference. General relativity does not
consider gravity to be a force.

The Universe Is Only Spacetime ©2012 john@onlyspacetime.com 8-16



The concepts presented in this book fundamentally disagree with this physical interpretation
of general relativity. There is no disagreement with the equations of general relativity. To
explain why an inertial frame of reference does not eliminate gravity, we will use the previous
example of an electron in a vacuum chamber in the earth’s gravitational field. It was shown
that force exerted on an electron in the Earth's gravitational field is the result of the gradient in
the Earth's gravitational field df/dr ~ 1.1 x 10-1¢ per meter. This gradient produces a slight
difference in the force exerted by vacuum energy/pressure on opposite sides of the electron’s
quantum volume. This force difference was shown to be equal to about 8.89 x 10-39 N. This
force difference does not disappear if the electron is in an inertial frame of reference (free fall).
Also, the electron’s inertial pseudo force does not disappear when the acceleration is caused by
a free fall in gravity. Both forces remain. The force required to accelerate the electron at 9.8
m/s? is still 8.9 x 10-3° N (recall accelerating light in a box). Also, the gradient d/dr across the
electron is still producing a 8.9 x 10-3° N force. When the electron is being accelerated by
gravity, the gravity is still exerting its force. In free fall the two forces offset each other and
the electron appears to experience no force. However, this is an erroneous perception. Both
forces remain. An inertial frame of reference (following a geodesic) does not eliminate the
force of gravity.

For most physicists the most important feature of gravity is the gravitational force exerted on
matter in a gravitational field. However, for me the most important effect is the gravitational
effect on the rate of time and proper volume. When an electron is falling in a gravitational field,
it might be possible to argue about whether there is a force or not. However, there is no
argument about whether the electron is moving from a location with a faster rate of time to a
location with a slower rate of time. It might be argued that the accelerating frame of reference
eliminated the time gradient while the electron is falling. However if the electron stops falling
(returns to the initial rest frame), it is obvious that the electron is at a location (elevation) with
a slower rate of time. The fall did not eliminate the effect of gravity. The accelerating frame of
reference only temporarily offset the effects of gravity with an opposite gradient during the fall.

The inertial frame of reference of an object in free fall in a gravitational field is actually an
accelerating frame of reference relative to the cosmic microwave background (CMB). This
accelerating frame of reference relative to the CMB is no more fundamental than a rotating
frame of reference. To simulate gravity by physically accelerating a mass such as a rotar, it
takes the continuous expenditure of power and the exchange of momentum. The inertial
pseudo force at a specific acceleration can equal the magnitude of a gravitational force, but the
origins of the forces are different. The force of gravity is caused by a differential in the pressure
exerted by vacuum energy while the force exhibited by acceleration is caused by a difference in
the Doppler shift exhibited by waves in spacetime circulating at the speed of light in a confined
volume.
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Another point is that the acceleration of gravity is only one aspect of a gravitational field.
There is also the effect on the rate of time (dt = /dtr) and the effect on proper length
(dL =T'dR). Being in an inertial frame of reference does not eliminate these additional effects.
Recall the thought experiment from chapter 2 involving a clock in a cavity at the center of the
earth. This clock is in an inertial frame of reference but the inertial frame of reference did not
affect the rate of time which depends on the gravitational potential at the center of the earth.

If gravity and acceleration are not equivalent down at the level of waves in spacetime, why did
Einstein obtain the correct equations by assuming that they were equivalent? The answer is
that in free fall the effects of gravity on a rotar exactly offset the measurable effects of
accelerating a rotar. Not only are there offsetting force vectors, but the offsetting effects extend
to the rate of time gradient and the volume gradient. Therefore assuming that gravity is
indistinguishable from acceleration is a good assumption for mathematical analysis of gravity if
neither the source of inertia force nor the gravitational force is understood. However, on the
quantum mechanical scale involving vacuum fluctuations and internal effects in a rotar, there is
a difference between gravity and acceleration.

Quantum Gravity: If the field of quantum gravity is broadly defined as any attempt to combine
general relativity and quantum mechanics, then the wave-based model of gravity proposed
here can be categorized as part of the broad field of quantum gravity. However, if the field of
quantum gravity is defined as any attempt to show that gravity results of quantized “pulses” of
force between particles, then it is more difficult to categorize this model. Here is the problem.
There are no gravitons, but there theoretically is a sinusoidal oscillation in the magnitude of the
force exerted between two fundamental particles. Figure 8-1 shows a sine wave labeled
Hp?sin?wt. This sine wave implies a high frequency, very weak pulsation in the gravitational
force. For example, this frequency is equal to twice the reduced Compton frequency of the
attracting fundamental particle. For an electron this frequency would be in excess of 1021 s-1.
The pulsation effect would be completely impossible to measure by any means because the
oscillating difference in force would theoretically produce an effect much smaller than Planck
length. Furthermore, if the recipient of the electron’s gravitational force was another electron,
the rotar model of this second electron is a rotating strain in spacetime distributed over a
volume with a radius about 10?2 times bigger than Planck length. Therefore, unlike the
photo-electric effect, there will never be any measurable evidence of “quantized” gravitational
pulsations. Therefore, this model supports the idea that gravity is not quantized on any
measurable scale.

Grav Field in the Quantum Volume: The above discussion of gravitational acceleration from
a rate of time gradient prepares us to return to the subject of the “grav field” inside the
quantum volume of a rotar. Recall that the rotating dipole that forms the quantum volume of
an isolated rotar was shown in figure 5-1. This rotating dipole wave has two lobes that have
different rates of time and different effects on proper volume. The difference in the rate of time
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between the two lobes produces a rotating rate of time gradient that was depicted in figure 5-2.
A rotar is very sensitive to a rate of time gradient. A rate of time gradient of 1.11 x 10-17
seconds/second/meter causes a rotar to accelerate at 1 m/s? and the acceleration scales
linearly with rate of time gradient. Therefore, the rotating rate of time gradient in the center of
a rotar model can be considered to be a rotating acceleration field.

We normally encounter rate of time gradients in a gravitational field and these are the result of
a nonlinearity that produces a static stress in spacetime. There is no angular frequency
associated with a static gravitational field (static rate of time gradient), therefore there is no
energy density associated with a static rate of time gradient. However, if a rotating
gravitational field is somehow generated, then such a rotating field would have an energy
density. The rotating rate of time gradient (rotating grav field) that is present near the center
of the quantum volume of a rotar does have energy density that will be calculated next.

In a time period of 7/w, the fast time lobe of the dipole gains Planck time (displacement
amplitude 7)) and the slow time lobe loses Planck time 7,. These lobes are separated by ZR,.
Therefore, in a time of 7/w.there is a total time difference of 27, across a distance of 2R, The
rate of time gradient per meter is:

dt-dr _ 2T, Lyw? Ly
2R 2 2
dtdr (_‘1) c RZ

wc

The acceleration produced by this rate of time gradient (grav acceleration A4g) is the rate of
time gradient times ¢? The following are several equalities for grav acceleration A

dt-drt m*cSG
A= ( ) 2= Lywi = HPA,—=
B —oar )= Lowe F#Ap e

Ag= grav acceleration and A4,= ¢/t,=./c’/AG = Planck acceleration

Comparison of Grav Acceleration and Gravitational Acceleration: How does the rotating
grav acceleration at the center of a rotar’s quantum volume (4;) compare with the non-
rotating, gravitational acceleration (g;) at the edge of the same rotar’s quantum volume? .

&; = HFw.c  rotar’s non-rotating gravitational acceleration at distance R,
Ag = Hpwec  rotar’s rotating (wc) grav acceleration at the center of a rotar

i—" = Hp ratio of g, (static gravitational acceleration at R;) to rotating grav acceleration 4,
g

For an electron Hz = 4.18 x 10-23, so the rotating grav field is about 2 x 1022 times stronger than
the non rotating gravitational field at distance &, This results in an electron having a rotating
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grav acceleration of: 4, = 9.73 x 10° m/s2. The gravitational acceleration (not rotating) of an
electron at distance R, is: g; = 4.07 x 10-1® m/s2. Therefore the grav acceleration in the
quantum volume of an electron is about a million times greater than the gravitational
acceleration at the surface of the earth. The earth’s gravity is not rotating and is a nonlinear
effect. The electron’s grav field is rotating and is a first order effect resulting from the rate of
time gradient established in the electron’s rotating dipole wave.

Recall the incredibly small difference in the rate of time that exists between the lobes of an
electron. It would take 50,000 times the age of the universe for the hypothetical lobe clock
running at the rate of time inside the slow lobe to lose one second compared to the coordinate
clock. The difference between the rate of time on the slow lobe clock and the coordinate clock
is comparable to the difference in the rate of time exhibited by an elevation change of about
4x 107 m in the earth’s gravity. The reason that the rotating grav field has a million times
larger acceleration than the earth is because this difference in the rate of time occurs over
approximately a million times shorter distance (~ 4 x 1013 m). The rotating rate of time
gradient inside a rotar is a first order effect related to Hp while the non-rotating gravitational
field produced by the rotar is a second order effect related to Hz.

Conservation of Momentum in the Grav Field: It would appear that the concept of a grav
field must violate the conservation of momentum. An example will illustrate this point.
Suppose that a small neutral particle (such as a neutral meson) wanders into the center of an
electron’s quantum volume. Even if the mass of the meson is 1000 times larger than the
electron, the rotating grav field of the electron should produce the same acceleration of the
neutral particle. This would be a violation of the conservation of momentum unless the
displacement produced by the rotating grav field is equal to or less than Planck length (the
uncertainty principle detectable limit). We will calculate the maximum displacement (x) that
takes place in a time period of: ¢ = 1/w. We choose this time period because the rotating
vector of the grav field is changing by one radian in a time period of 7/w. Hypothetically the
neutral particle would nutate in a circle with a radius related to x (ignoring dimensionless
constants).

Lp c
ngoee _ (@ig)

x=%at =k — = —~z =Ly
‘ )
X =1L, X = maximum radial displacement produced by a rotar’s rotating grav field

Therefore any mass/energy rotar always produces the same displacement equal to Planck
length (ignoring dimensionless constants) in the time required for the grav field to rotate one
radian. This displacement is permitted by quantum mechanics and is not a violation of the
conservation of momentum. This is another successful plausibility test.
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Energy Density in the Rotating Grav Field: An accelerating field that is rotating possesses
energy density. It would hypothetically be possible to extract energy from such a field if the
field produced a nutation that was larger than the quantum mechanical limit of Planck length.
No energy can be extracted from a rotar’s rotating grav field because the nutation is at the
quantum mechanical limit of detection. However, this field still possesses energy density.

Previously we designated the strain amplitude of a rotar as Hp = L,/R; = Tywe = we/wp. These
were originally defined in terms of the strain amplitude of a dipole wave that is one wavelength
in circumference. This definition tended to imply that the energy density of a rotar was
distributed around the circumference. However, it is proposed that the rotating gradient that
is present at the center of the rotar model can also be characterized as having a dimensionless
amplitude of Hz = L,/R; = Tow. This amplitude Hg is just in the form of a rotating rate of time
gradient and a rotating spatial gradient. The spatial gradient from the lobe to the center is still
L,/R; The rate of time gradient is still related to Tpw. although this is harder to see.
Previously we substituted Hg w-and Zsinto U = H°w?Z/c and obtained a rotar’s energy density
in the quantum volume U; = k mc?/R,°. 1If we ignore the dimensionless constant %; this is the
rotar’s internal energy in the volume of a cube that is R, on a side. Here are some other
equalities for U,

_mtc® _E micSe
AZ
g
Uy=-2
¢

If we broaden the definition of Hp so that it also defines rotating rate of time gradients and
rotating spatial gradients, then the energy density of the rotar model becomes homogeneous.
The energy density near the center of a rotar is the same as the energy density near the edge.
This energy density is just in two different forms. In chapter 6 we attempted to calculate the
angular momentum of a rotar. If we assumed that all the energy was concentrated near the
edge of a hoop with radius R, then we obtained an answer of angular momentum of A
However, if we assumed that the energy was distributed more uniformly (like a disk) then the
rotar model would have angular momentum of % 4. The fact that energy is contained in the
grav field does smooth out the energy distribution, thereby tending towards the correct answer
of 22 A.

If a rotating grav field has energy density, does a static gravitational field also have energy
density? It is possible to investigate this question because we also have the equation for the
static gravitational acceleration produced by a rotar at distance £, We can see if a purely static
field also is equitable to energy density. Previously we obtained: g,/4, = Hgand U, = AZ/G

yo 4 ot
_
G

set Ag = Lyw#
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The energy density equation seems to imply that an oscillating wave is required for there to be
any energy density (if w. = 0 then U, = 0). This is reasonable because it is not possible to
extract energy from a static gravitational field but it would be possible to extract energy from a
rotating gravitational field if the displacement exceeded Planck length. In figure 8-3 the sloping
line with small undulations is made up of a DC-like component that does not oscillate and an
AC-like component that does oscillate. We interact with the DC-like component which
produces the temporal and spatial characteristics that we normally associate with gravity.
However, this component has zero frequency and therefore does not have energy density. The
AC like component needs to be studied further. It may be the component that converts the
observable energy in the early universe into vacuum energy. This will be discussed later. The
DC-like components produced by different rotars add constructively to make the curved
spacetime we consider the gravity of a massive object.

Energy Density in Dipole Waves:  The above insights into the grav field also have
implications for any Planck amplitude dipole wave in spacetime, not just the rotating dipoles
that form rotars. I am going to talk about dipole waves in spacetime but start off by making an
analogy to sound waves in a gas. Sound waves can be depicted with a sinusoidal graph of
pressure. The compression regions have pressure above the local norm and the rarefaction
regions have pressure below the local norm. These can be represented as a sine wave
maximum and minimum. However, if a graph was to be drawn showing the kinetic energy of
the molecules in the gas, the maximum Kkinetic energy occurs in the regions between the
pressure maximum and minimum. A kinetic energy graph depicting motion (velocity) left and
right would have a 90 degree phase shift to the pressure graph. The energy in the sound wave
is being converted from Kkinetic energy (particle motion) to energy in the form of high or low
pressure gas. When these two forms of energy are added together, then a sound wave with a
plane wavefront has a uniform total energy density (sin‘6 + cos’6 = 1). The energy is just
being exchanged between two forms.

This concept of energy being exchanged between two different forms also applies to dipole
waves in spacetime. In one form, energy exists because the vacuum energy of spacetime is
distorted so that there are regions where the rate of time is faster or slower than the local
norm. Perhaps this is analogous to the compression and rarefaction representation of a sound
wave. The regions between the maximum and minimum rates of time have the greatest
gradient in the rate of time. These are the grav field regions and they are analogous to regions
in the sound wave where the gas molecules have the greatest kinetic energy. Adding together
the two forms of energy density present in either sound waves or dipole waves in spacetime
produces a total energy density without the characteristic wave undulations.

The waves in spacetime have sometimes been discussed emphasizing either the temporal
characteristics (rate of time gradients, etc.) or emphasizing the spatial characteristics (for
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example L,/r). Actually both characteristics are always present; it is sometimes easier to
explain using just one characteristic. Therefore, the grav field could have been explained
emphasizing the proper volume gradient rather than the rate of time gradient.

Gravitational Potential Energy Storage: The non-oscillating strain in spacetime produced by
a rotar has amplitude of: H; = H/NV = [ = 1 - 1/T. For weak gravity we can use the
approximation I' ~ 7 + £ When we look at the gravitational effect that a rotar has on
spacetime, we conclude that the slowing of the rate of time also produces a slowing of the
normalized speed of light (¢, =T C;from chapter 3). To reach this conclusion we must assume
that proper length is constant, even when there is a change in I This is an unspoken
assumption for physics that does not involve general relativity.

The effect on the rate of time and on the normalized speed of light ultimately effects energy,
force, mass, etc. as previously discussed. The reason for bringing this up now is that [ want to
address gravitational potential energy. Gravitational potential energy is considered a negative
energy that has its maximum value in zero gravity and decreases when a mass is lowered into
gravity. What physically changes when a rotar is elevated or lowered in gravity?

In chapter 3 it was found that substituting the normalized speed of light C;and the normalized
mass M, into the equation £ = mc? gives energy that scales inversely with gravitational gamma
[' (rest frame of reference). We illustrated this concept by calculating the difference in the
internal energy of a 1 kg mass for an elevation of sea level and one meter above sea level. The
calculated difference in the normalized internal energy was 9.8 Joules which is exactly the same
as the gravitational potential energy.

This change in energy is due to the change in the normalized speed of light affecting the
Compton frequency of the rotar as seen from zero gravity. For example, a free electron in zero
gravity has a Compton angular frequency of 7.76 x 1020 s-1. Earth’s gravity has f~7 x 10-10. A
free electron in earth’s gravity has a normalized Compton angular frequency that is slower than
a zero gravity electron by about 5.4 x 10!! radians per normalized second (7 x 1010 x 7.76 x
1020 s1). This lower Compton frequency decreases the normalized internal energy of an
electron and decreases the gravity (non-oscillating strain) generated by an electron. The
non-oscillating strain is responsible for the rotar’s gravity, so a rotar at rest in gravity
contributes less gravity to the total gravity than the same rotar at rest (same temperature) in
zero gravity. (Remember that in the normalized system discussed in chapter 3, gravity affects
inertia and energy differently.) In this case, gravity scales with energy, not mass. The
reduction in gravity generated by an electron in gravity is quite reasonable because energy was
lost when an electron goes from being at rest in zero gravity to being at rest in gravity, given
the same temperature. For example, an electron on the earth’s surface experiences a
gravitational magnitude of f ~ 7 x 10-19. If the earth were the only body in the universe, then
an electron near the earth’s surface would have 1 - (7 x 10-19) of the energy and gravity of an
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electron in a “zero gravity” location far from the earth. The electron’s missing energy resides
somewhere else in the universe. Usually this missing energy is removed by thermal radiation.

These concepts also lead to a physical explanation for potential energy. In chapter 3 the
concept of potential energy was related to a reduction in the normalized speed of light reducing
the £'=mc? internal energy. Now we go one step further and trace the loss of energy in a
gravitational field to a reduction in the rotational frequency of a rotar in a gravitational field.
This not only affects the internal energy of the rotar, but it also affects the amount of gravity
generated by the rotar.

Since a change in I' affects mass and energy differently and since gravity scales with energy
(not mass), to be technically correct the gravitational equations should be written in terms of
energy, not mass. The transformations and insights provided here have forced us to recognize
that the term “mass” is a quantification of inertia. Mass is not synonymous with matter and
mass scales differently than energy when viewed by an observer using the zero gravity
coordinate rate of time.
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Personal Note:

[ want to tell two short personal stories that relate to this chapter. The first story has to do with
the gravitational effect on rotar frequency. I normally run almost every day. Some of the best
ideas in this book came to me during these daily runs. Many years ago I used to run on flat
ground but to preserve my knees [ now run up a steep section of a hill and walk down to the
starting point. I repeat this for %2 hour which typically is about 14 round trips. As I run up the
hill I often am aware that the work that I am doing is ultimately resulting in an increase in the
Compton frequency of all the electrons and quarks in my body. Locally there is no measurable
change in the Compton frequencies of these rotars, but using the absolute time scale of a zero
gravity observer, I am increasing the frequency of these particles. It somehow is comforting to
understand the physics of running up a hill. The concept of “gravitational potential energy” has
been demystified. I now understand why it is difficult to run up a hill.

The second story is about the experience of resolving a mystery about gravity. When I was
initially writing this book, I thought that [ had unlocked the key to understanding gravity when
[ had developed the concepts presented in chapter 6 (the concepts that are now regarded as
being oversimplified). The magnitude of the gravitational force was correct and I thought I
could easily extrapolate to larger distances and larger mass. Then it occurred to me that the
vector was wrong and it was obvious that | was missing other major concepts. | was far from
finishing my quest to explain important aspects of gravity.

My initial reaction was to try to rationalize changes that would make the simplified model
explain the correct vector (attraction rather than repulsion). This thought process was
something like trying to reverse engineer gravity. I was attempting to work backwards from
the desired result (attraction) to find the changes to the model that would give the desired
result. [ spent a long time working backwards from result to cause, but it was getting nowhere.
Therefore, in frustration I returned to the approach that I had previously used to develop the
model to that point. That approach merely moved forward from the starting assumption (the
universe is only spacetime) and accepted the logical extensions of this assumption. Once I got
back on this track, I realized that the energy density of the rotar model implied pressure. When
[ took the logical steps to contain this pressure, I eventually obtained not only the gravitational
force with the correct vector but also obtained improved insights into the strong force, the
electromagnetic force and the stability of fundamental particles.

While other people are attempting to adjust models to explain specific physical effects, | am
finding that logically extending the starting assumption gives unexpected explanations. The
expanded model explains diverse effects not initially under consideration. These experiences
have given me a great deal of confidence in this model and approach.
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Chapter 9

Electromagnetic Fields & Spacetime Units

Introduction: In the last chapter we analyzed gravitational attraction and established the
necessity of vacuum energy/pressure in generating the gravitational force. This chapter is an
introduction to the electromagnetic (EM) radiation and electrical charge. We will start with a
preliminary examination of the spacetime characteristics responsible for the electric field of
charged particles. After some insights are developed with charged particles we will then
switch and examine the properties of spacetime that are affected when electromagnetic
radiation is present. An experiment will be proposed. We will then switch back and use some
of the insights gained from electromagnetic radiation to develop further the model of a charged
particle’s electric field. Finally, we will develop a system of fundamental units based only on
the properties of spacetime. These units designate charge utilizing only the properties of
spacetime.

We tend to think of the electric and magnetic fields associated with EM radiation as being very
similar to the electric and magnetic fields associated with charged particles. However, there
are obvious differences. The fields associated with EM radiation are always oscillating and they
propagate at the speed of light. The fields associated with charged particles are not oscillating
and they are not freely propagating. With these differences, it should be expected that there
should also be considerable differences in the explanations of the electric field associated with
photons compared to the electric field associated with electrons. Developing a model of
electric and magnetic fields has been the most difficult task of this entire book. While
considerable progress has been made, the model is not complete. Furthermore, the model of
the electric field associated with charged particles is less complete than the model of EM
radiation. This chapter begins by examining the magnitude and type of distortion of spacetime
required to produce elementary charge e.

Spacetime Interpretation of Charge: If the universe is only spacetime, there should be an
interpretation of electrical charge, permeability, electric field, etc. that interprets these
electrical characteristics using only characteristics of waves and/or a non-oscillating strain in
spacetime. It will be recognized that there are two types of electric field: 1) The static electric
field associated with a charged particle and 2) the oscillating electric field of electromagnetic
radiation. This distinction is made because it will be shown that the electric field associated
with a charged particle is more complex. The goal of this section is to quantify the distortion of
spacetime required to produce electrical charge. The following calculations will assume that
we are dealing only with fundamental rotars of elementary charge (g =e). Effectively this
means that we are focusing on the three charged leptons (electron, muon and tauon).
Composite particles such as protons are more complex and will be discussed in a later chapter.
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We will not be concerned with negative signs, but we will attempt to pay attention to the
constants that are associated with electrostatic units. We will start with the force between two
elementary charges e separated by distance r:

r= () () = @ (B)r
°" \dme,) \r2) a rz) ?

This equality comes directly from the substitution of a = e?/4ne,hic; L, = hG/c? and F, =c?/G.
Canceling out the 7/r?terms from this equation we obtain:

1
2=ql 2
(47t£0) ef=aly fy

Charge Conversion Constant x: This equation will be rearranged to group like terms
together. This means that the force related terms (Planck force £, and the Coulomb force
constant 7/4me,) will be placed on one side of the equal sign and the charge related terms (e
and a) will be placed on the other side of the equal sign. The only real question in this grouping
is where to place L,% If we place L,? on the charge side then the units of both sides will be
(meter/Coulomb)? while if we group the L,? on the force side then the units of both sides will
be merely Coulomb?2. The objective of this exercise is to designate a constant that converts
charge (Coulomb) into a property of spacetime with units of length and/or time. If the
universe is only spacetime, then even charge must have an explanation that incorporates only
the properties of spacetime. A grouping with units that can be reduced to meters per Coulomb
is exactly the type of answer that we want. Therefore, we are going to propose a new constant
of nature that converts charge into a strain in spacetime with units of meter/Coulomb. This
proposed factor will be called the “charge conversion constant” and designated by the Greek
symbol eta (77).

2

e _ 1
EZ‘PT[EOF;):—

2

% n
Valy 1 e

NE—_—= Py set: Nl g» Planck charge
Lp

q— =8.617x10 m/C 7= charge conversion constant (meters/Coulomb)
P

n
The proposed charge conversion constant n = L,/q, will serve as the conversion factor
between units that contain charge and the distortion of spacetime produced by charge or an
electric field. Equating charge to length is not conceptually understandable if we assume length
to be static ruler length. It was previously explained that the symbol Z, was wave amplitude
with dimensions of length. Similarly, the “meters” in 7 (meters/Coulomb) is also different from
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ruler length. Later a physical interpretation will be given to this physical effect that has
dimensions of length (meters) but is not the same as ruler length.

The following three equations utilize 7 to achieve a conversion between SI units incorporating
charge and the distortion of spacetime responsible for charge.

1
e= (5) Val, elementary charge e conversion
1
Qv :(E) Ly Planck charge g, converts to a Planck length distortion in spacetime
e 2 Fy Coulomb force constant converts to Planck force
o

Physical Interpretation: Before proceeding to use the charge conversion constant 7 to
transform other units which incorporate charge, we will first examine the physical
interpretation of this constant and see if it seems reasonable. What does it mean to say that
elementary charge e is somehow related to+aZ,? This is a distortion of spacetime with
dimensions of length. Part of the physical interpretation will be given here and part will be
given later in this chapter. An insight into the physical interpretation of e = va L,/ can be
obtained by expressing the electrical potential (the voltage relative to electrical neutrality)
produced by a single charge e when the electrical potential at radial distance ris expressed in
dimensionless Planck units. The equation for electrical potential () for charge e at distance r,
expressed in SI units is: V= e/4me,r. We will designate the symbol for electrical potential in
dimensionless Planck units as V' in keeping with the convention previously established for
Planck units. To convert conventional electrical potential V'to V it is necessary to divide by
Planck voltage I}, according to the equation

|74 Ep c*
— where: I, =—= = 1.043 x 1027 Volts
dp 4ATELG

V=

&S

Next we will find the electrical potential in Planck units (V) produced by a single elementary
charge e at radial distance r by converting V= e/4me,r to Planck electrical potential units
(Planck voltage units if we reference neutrality)

( e ) 4TE,G (1) e? hG

V= = |- —

= 4TIELT c* T 4me,he | 3
ValLy

r

V=

Converting the electrical potential to Planck units reveals the effect on spacetime produced by
charge eat distance r. Planck electrical potential I}, represents the theoretical largest electrical
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potential that spacetime can sustain. It can be shown that achieving Planck electrical potential
represents the energy density and dimensions that would form a black hole. Planck electrical
potential I} is equivalent to ' = 1. This represents the maximum possible strain of spacetime
(100% strain of spacetime). Expressing electrical potential in dimensionless Planck units is
expressing the fractional strain of spacetime on the universal scale where the maximum
possible strainis V' = 1.

Another concept can be best explained with a numerical example. At a distance of 10-12 m from
an electron we would have V' = 1.38 x 1024 and 1 meter from an electron the value would be
¥V =1.38x 1036, Extending either of these slopes back to the center of the electron (10-12m or
1 m respectively) gives a Z axis intersection equal to vaZ, meters (1.38 x 10-3¢ m). For
comparison, Z axis intersection for a hypothetical Planck charge g, would be Planck length. The
strain of spacetime produced by a charge can be thought of as 4./ L which at radial distance r
can be expressed as 4L/r. For a single elementary charge e at any distance the 4L term is
always equal to va L, meters. This results in the following strain equation:

AL/r=V =+al,/r strainin spacetime at distance r from charge e

An explanation will be given later in this chapter of the type of distortion (with dimensions of
length) which is associated with electrical potential. However, here it is possible to describe
the magnitude of this distortion between two points at different distances from charge e. We
will designate these points as r1 and r» where r» > 1. An electron (charge e) produces a strain
in spacetime that results in a type of length change (4L) obtained from integration of the strain
curve and equal to:

AL=+al,In(rz/r1) distortion produced by the electron’s charge between r; and ry

For example, if » = 1 meter and r1 = 10-12 meter, then 4L = 2.36 x L, = 3.8 x 103> m. While
this seems like a very small net distance, it must be remembered that the strain is affecting the
enormously large energy density of vacuum energy. Later it will be shown that this type of
strain of spacetime can produce the magnitude of the force we expect of an electric field acting
on an electron (rotar). If there are multiple charges, the strain produced by each elementary
charge is a vector which adds to the vector strains produced by all the other charges. For
example, if there are a large number of electrons (2. electrons) on a charged sphere, then the
value of AL becomes:

AL=nJalyIn(r/r) distortion produced by n. electrons

The ability to increase 4L by increasing the charge (increasing ne) suggests the possibility of an
experiment which will be discussed later.
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Use of the Charge Conversion Constant #:  We will now return to the discussion of the
charge conversion constant 7. It is easiest to explain the use of n with an example. The units of
the Coulomb force constant (1 /4me,) are m3kg/C2s2 or in dimensional analysis terminology this
is: L3M/Q?T2. If we want to eliminate charge squared from the denominator, we must multiply
the Coulomb force constant by 7/7? which is multiplying by units of Coulonmb?/meter?.

This conversion of the Coulomb force constant to Planck force does not seem intuitively
reasonable because Planck force (~104 N) is such a big number. However, this conversion is
correct as illustrated by an example. Imagine what would happen if we were dealing with two
charged point particles (each with charge e) and it was possible to reduce the separation
distance r between these point particles down to Planck length (r=1/,). In this case the
electrostatic repulsion indeed would be equal to the fine structure constant times Planck force
(aFy,). The equivalence to Planck force extends to any other value of separation distance r
because increasing the separation distance from Planck length to separation distance r
decreases the force from af, to afF,(L,°/r?).

The following is a conversion of vacuum permittivity €, and vacuum permeability @, = 1/£,c?
into a distortion of spacetime:

1 1
Eo=\=)— vacuum permittivity conversion
° (nz) AT, P v
Ho=M?41c?/ G vacuum permeability conversion

Impedance Calculation

Before proceeding with the following calculation, I want to tell a story. There are two
calculations in this book that gave me the biggest thrill. One of them was when [ was able to
derive Newton’s gravitational equation from my starting assumptions. The second is the
following calculation that converts the impedance of free space Z, into a distortion of
spacetime. This does not seem like a particularly important relationship, which is perhaps the
reason that it was so surprising.

Impedance of Free Space and Planck Impedance: The impedance of free space Z, is a
physical constant that relates the magnitudes of the electric field € and the magnetic field
strength %€ in electromagnetic radiation when this electromagnetic radiation is propagating
through a vacuum.
Zo= &/ FH = poc = L | ~ 376.7 Q1 impedance of free space

&oC €0

Planck impedance 7 is:
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Planck units relate most closely to the spacetime wave calculations made previously, so we will
first convert Planck impedance into a property of spacetime. The units of the impedance of free
space Z, and Planck impedance Z, are: L2M/Q?T. Therefore to eliminate 7/ we must multiply
Zp = (1/4ns,c) by 1/1? = 4me k.

(2) - () () -2
n2) P G ame,c) 6 7

Zp=mM2%Zs and Zo=n?4nss

Planck impedance Z, corresponds to the impedance of spacetime Z and the impedance of free
space Z, corresponds to 4mZ; - Fantastic!

Planck Impedance Converts to the Impedance of Spacetime: When we convert Planck
impedance using the charge conversion constant, Planck impedance becomes the impedance of
spacetime (Z, = n?Zs). Also, the impedance of free space is: Z, = n?4nZ; with this conversion.
This is a fantastic outcome because it implies that electromagnetic radiation is some form of
wave in spacetime. Spacetime has the highest possible impedance of Z; = ¢3/G' = 4 x 103> kg/s.
Now we discover that not only does electromagnetic radiation propagate at the same speed as
gravitational waves, but electromagnetic radiation also experiences the same impedance as
gravitational waves (the impedance of spacetime). The conclusion is:

Electromagnetic radiation must be a wave in the sea of vacuum fluctuations of spacetime.

The equation Z; = /G is only applicable when waves use spacetime as the propagation
medium. This is understandable and fully expected for gravitational waves, but now we find
that electromagnetic radiation must also use spacetime as the medium. The impedance of free
space Z, (fundamental to everything electromagnetic) is: Z, = n?4mnZ; when expressed using a
conversion constant 7 that converts charge to dynamic length. This says that photons are not
packets of energy that travel THROUGH spacetime. Photons are waves IN the medium of
spacetime. They appear to also have particle properties because photons possess quantized
angular momentum. The proposed property of unity makes the energy in the distributed
waves collapse (transfer their quantized angular momentum) at faster than the speed of light.
This apparently localized interaction gives particle-like properties to waves in spacetime that
possess quantized angular momentum.

The waves that form a photon are not dipole waves in spacetime since we can detect light
waves as discrete waves. It is impossible to detect dipole waves in spacetime with the Planck
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length/time limitation because they are below the quantum mechanical detectable limit.
However, light waves still must be a wave disturbance of spacetime. The equation Z, = n?4nZ
also implies that photons are first cousins to gravitational waves. Photons and gravitational
waves disturb spacetime’s sea of superfluid dipole waves in different ways, but they both are
transverse disturbances in spacetime that do not modulate the rate of time. Recall from
chapter 4 that spacetime is an elastic medium with impedance and the ability to store energy
and return energy to a wave propagating in this medium. The implication is that gravitational
waves are also quantized and carry quantized angular momentum, just like photons.

[s it reasonable that light waves are propagating in the medium of spacetime? For example, the
Michelson-Morley experiment and spacial relativity prove that the speed of light is constant in
all frames of reference. Gravitational waves are definitely propagating in the medium of
spacetime and they always propagate at the speed of light. Therefore spacetime, with its
chaotic dipole waves, possesses the properties required to make the speed of light constant in
all frames of reference.

Accuracy Check: There is another more subtle implication from the equation Z, = 72Z;. This
equation implies to me that the many steps that started with gravitational wave equations and
ended with this relationship are probably correct. The impedance of spacetime /G was
deduced from gravitational wave equations. The impedance of free space Z, was derived from
Maxwell’s equations of electromagnetism. Starting from the assumption that the universe is
only spacetime, we went looking for a constant to convert charge into a distortion of spacetime.
This resulted in Z, = n?4nZ;. These apparently dissimilar impedances are the same when we
use the charge conversion constant 7. The impedance of spacetime Z; = ¢?/G was first deduced
from a comparison of a gravitational wave equation with the equation for sound waves. Since
that time, there were many steps that led to this point. [ cannot say that this equality proves
that these intermediate steps were correct, but it certainly gives support to this contention.

Wave Equation: The electromagnetic wave equation, derived from Maxwell’s equations,
proves that electromagnetic radiation (photons) have an interaction with the properties of
spacetime. The homogeneous form of the wave equation can be written in terms of either the
electric field € or the magnetic field .

In these equations, A? is the Laplace operator. No attempt will be made to explain these two
forms of the electromagnetic wave equation. Detailed explanations are available in standard
texts. The reason for showing these equations is to emphasize the point that & and g are
required for the description of an electromagnetic wave. If a photon was an energy packet
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propagating like a bullet through the void of a vacuum, then the properties of the void would
not be needed to express the propagation. However, if a photon is a quantized wave
propagating in the medium of spacetime, then the properties of the medium (& = 1/n24nF,
and u, = n?4mnc?/G) would be required in the equation expressing the propagation
characteristics. This insight offers additional proof that light is a wave with quantized angular
momentum propagating in the medium of spacetime.

Spacetime Model of an Electric Field

Electric Field Conversion: Next we will attempt to gain additional insights into electric fields.
An electric field produced by a charged particle is more complex than an electric field produced
by electromagnetic radiation. Therefore we will switch to electromagnetic radiation to examine
electric and magnetic fields then come back to charged particles later.

In chapter 4 it was stated that the wave-amplitude equation for intensity (7 = kH?w?Z) is a
universal classical equation that is applicable to waves of any kind provided that the amplitude
and impedance is stated in units that are compatible with this equation. Unfortunately,
electromagnetic radiation commonly uses electric field € for wave amplitude and the
impedance of free space for impedance (Z, ® 377 ohms). This way of stating amplitude and
impedance is not compatible with the above wave-amplitude equation. Therefore, this creates
the impression that this wave-amplitude equation is less than universal. However, it is possible
to convert electric field of EM radiation into an amplitude term that is compatible with the 5
wave-amplitude equations. For example, amplitude of EM radiation can be expressed using
strain amplitude A, angular frequency w and the impedance of spacetime Z;. It is informative
to analyze the connection between electric field (or magnetic field) and the strain in spacetime.
This can be easily done using the two different ways of expressing intensity: 7 = kH?w?Z; and
J = 2 & /Z, We will equate these and solve for £ and #. Since these assume EM radiation and
not necessarily the electric field of a charged particle, we will designate the electric field of EM
radiation as &, and the magnetic field as .

&2 Z, = HPwZ;s intensity equations ignoring numerical factors near 1
& =HwZZ, = % &, = Electric field of EM radiation expressed utilizing A, w, Zsand Z,

F€, = Ha)\/j:z = Hw,/F,¢, J€, = magnetic field of EM radiation obtained from %, = &,/ Z,

This is interesting, but it still uses Z, and &, which implies charge. Next we will convert the
electric field and magnetic field of EM radiation into a distortion of spacetime using 7.

& = nHwZ; &, = electric field strength of EM radiation
¥, =(1/nHw F€, = magnetic field strength of EM radiation
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These equations express € and € in terms of H w and Z. However, the remaining task is to be
able to define the electromagnetic wave amplitude as a strain in spacetime (define amplitude

H). Also, there should be a factor of V4m in these equations, but there are other unknown
numerical factors near 1 which have been ignored, so these equations are stated ignoring all
numerical factors near 1.

What Is an Electric Field? I find the currently accepted explanation of an electric field as
totally inadequate. The electromagnetic force that exists between charged particles is
supposedly carried by exchanging virtual photons. This almost seems plausible until it is
examined more carefully. Photons generate electric fields and can accelerate charged particles
(Thompson scattering). Do real photons generate an electric field by sending out transverse
virtual photons? Why do virtual photons transfer force but not angular momentum? Why does
an electric field have energy density if the energy of virtual photons averages out to zero? How
exactly do virtual photons achieve attraction? What prevents the energy density (the implied
pressure) of a static electric field from dissipating? I could go on with more examples, but the
truth is that there are so many conceptual mysteries in the quantum mechanics that physicists
learn to embrace the lack of conceptual understanding. The desire for conceptual
understanding is often criticized as a ruminant of classical physics that cannot be fulfilled by
quantum mechanics. The equations of quantum mechanics obviously are correct but the
conceptual models are lacking. The objective of this book is to present a new model that is
conceptually understandable yet is compatible with the equations and experimental
verifications of quantum mechanics and general relativity. We start with the electric field
associated with EM radiation.

Maximum Confinement of a Photon: Before developing a model of a freely propagating
photon in chapter 11, we will first look at the simplified case of a photon confined to a
reflecting chamber. If we had 100% reflecting walls, what is the smallest volume that would
confine a single photon? Combining the transmission characteristics of waveguides with the
resonance characteristics of lasers, it is possible to answer this question. In waveguides, a
sharp cutoff occurs when the width of the waveguide in the polarization direction is equal to or
less than %% wavelength. However, the width needs to only be slightly larger than %
wavelength to achieve good transmission. For linearly polarized electromagnetic radiation the
width transverse to the linearly polarized direction can be % wavelength. For circularly
polarized electromagnetic radiation, a cylindrical waveguide slightly more than %2 wavelength
in diameter has good transmission and mode characteristics. Making a waveguide into a
resonator requires adding two flat and parallel reflectors separated by % wavelength and
oriented perpendicular to the axis of the cylinder. This cylindrical waveguide resonator is the
minimum evacuated volume (maximum confinement) that we can achieve for coherent
circularly polarized light of a particular wavelength. This configuration will be called the
“maximum confinement resonator” and will be utilized in both calculations and a proposed
experiment later.
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When electromagnetic radiation is freely propagating, the electric and magnetic fields are
perpendicular to each other and in phase. However, when electromagnetic radiation is
confined in a resonator such as the maximum confinement waveguide resonator described
here (or even in a laser resonator) the radiation forms standing waves that have the electric
and magnetic fields 90° out of phase. This is easiest to see by imagining electromagnetic
radiation reflecting off a metal mirror. The electric field is a minimum at the surface of each
mirror but the magnetic field is at a maximum at the mirror surfaces. The electrons in the
metal mirror are undergoing a motion that minimizes the electric field but this creates an
oscillating magnetic field. If the reflectors are separated by % wavelength, the standing wave
created between the two mirrors has maximum electric field oscillations in the central plane of
the %2 wave cavity (antinode) and the minimum electric field at the mirror surfaces (nodes).
Conversely, the magnetic field is at a minimum (node) in the central plane and at a maximum at
the mirror surfaces (antinodes).

Displacement of Spacetime Produced by a Single Photon:  Next we will calculate the
displacement of spacetime produced by a single photon in this maximum confinement
resonator. By specifying the “maximum confinement condition”, we can avoid specifying the
characteristics of a freely propagating photon that will be discussed in chapter 11. Since we are
ignoring numerical factors near 1, we will model the displacement required to produce a
uniform oscillating electric field in a maximum confinement volume of 4%, In the resonant
waveguide described, the dimensions are approximately 774 rather than just 4, but the electric
field strength is also minimum at the walls and maximum in the center. Also we are not
specifying whether we are designating the peak electric field strength or the RMS electric field
strength. Therefore, ignoring these factors (assuming a volume of #%), the energy density of a
single photon with energy 4w and uniform energy density in a volume of A% we have:

U = hw/3 = hic/dt = haw' /63 = (L,/A)*U,

To find the displacement amplitude of spacetime required to produce this energy density, we
will equate U = Aw?/c? with U = H?w?Z;/cand solve for ALin H = AL/A.

ho* H2w?Z; (AL20?\ o () (1| AL2w*
U= = = w \—=)-)= - solve for 4L

c3 c c? GJ) \c
hG . . . . « . . ”
4L = Pl L,  displacement amplitude of a single photon in “maximum confinement
H=L,/A the strain amplitude A of a single photon in “maximum confinement”

The equation AL = L, is for a single photon in volume 4%, Therefore this calculation presumes a
total path length of A (ignoring numerical factors near 1). A total path length of 74 (the
diameter of the maximum confinement waveguide) is within the allowed range, especially
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since the electric field is maximized over the central A Since photons are bosons and many
photons can occupy the same volume, we will next calculate the displacement of spacetime
required if many coherent photons (same frequency and phase) are introduced into the
volume A% In this calculation we will use “n,” as the number of photons occupying the volume.
Therefore U = n Aw/A% = n,hw?/c.

AL2w*  nyho*
= - = pe Solve for AL

AL=/n, Lp displacement amplitude n, photons in “maximum confinement”

The equation 4L = \/n, L, is the oscillating displacement of spacetime for “n” photons in the

maximum confinement previously discussed. This value of AL is over distance #, therefore the
strain in spacetime produced by n, coherent photons in maximum confinement is:

AL nyL
H:_:@

L strain produced by n, coherent photons in maximum confinement

The equation 4L = \/n_pr is very revealing. It is not possible to detect both the wave
properties and particle properties of a single photon because that would be attempting to
detect a displacement of Planck length. References in chapter 4 showed that it is fundamentally
impossible (device independent) to detect a displacement of spacetime equal to or less than
Planck length. It is theoretically possible to detect the wave properties of many photons
(ny >> 1 photons) because many coherent photons produces 4L >>L, Now we can
conceptually understand this effect.

Comparison of Electric Fields: Previously it was calculated the value of 4L for n. electrons
on a charged sphere. We now have an equation for the value of 4L produced by n, photons in
the maximum confinement. Comparing these equations we have:

AL=n.Jaly,In(rz/ri) displacement of spacetime produced by ne electrons between rzand ry
A4L=/n,L, displacement of spacetime produced by n, photons in volume A over distance A

Upon initial examination it appears as if there must be a difference between the 4L produced
by photons and electrons for equal electric fields. The 4L effect from photons scales with the
square root of the number of photons \/n_y while the 4L produced by electrons is linear with 7.
but contains the factor of v/a. The calculation is not shown here, but if we assume a vacuum
capacitor with a volume equal to the A2 volume of the maximum confinement cavity, it works
out that equal electric fields produce equal values of 4L (ignoring numerical factors near 1).
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Similarity to Gravitational Wave: We previously learned that Planck impedance Z, is the
same as the impedance of spacetime Z; when we use the charge conversion constant 7. This
conversion constant and a wave-amplitude equation also give that n, photons in the maximum
confinement condition gives the oscillating strain amplitude in spacetime A equal to
H=/n, L,/ This implies that electromagnetic waves are very similar to gravitational waves.

While gravitational waves appear to be completely dissimilar to electromagnetic waves, they
must be first cousins. Both are transverse waves that propagate at the speed of light through
the medium of the vacuum energy that is spacetime. They both experience the same impedance
therefore electromagnetic waves must also be waves in spacetime. The quantum mechanical
description of spacetime is vacuum fluctuations with Planck length/time displacements at all
frequencies up to Planck frequency. This description of spacetime has a high energy density.
Spacetime has elasticity and very large impedance. Waves in spacetime propagate at the speed
of light but the displacement of spacetime is very small because spacetime also has an
incredibly large bulk modulus. A single photon in maximum confinement (volume A%) only
affects spacetime by a Planck length displacement over a distance of A.

One of the biggest differences is that positive and negative electrically charged particles are
available to generate electromagnetic radiation. Gravitational waves can only be generated by
particles that have a single polarity (only positive mass) therefore only quadrupole
gravitational waves are possible. However, if we are attempting to understand the physics of
electromagnetic radiation propagating in spacetime the differences in generation are not too
important.

A gravitational wave is a transverse wave that causes a spherical volume to become a
transverse oscillating ellipsoid. If we freeze this ellipsoid for a moment there is an axis that
increases the distance between points and an orthogonal axis that decreases the distance
between points. However, there is no polarization vector that distinguishes between opposite
directions along either of these two axes. The effect on spacetime by gravitational waves is
symmetrical (reversible). This effect can be thought of as a difference between the coordinate
speed of light and the proper speed of light along the two axes. We interpret this difference as
a change in the distance between points because we assume that the proper speed of light is
constant. Also, all physical objects (meter sticks, proton radius, etc.) scale their size with
proper length which in turn scales with the proper speed of light. This is understandable from
the proposed spacetime based model of the universe because all matter and forces are
ultimately dipole waves in spacetime which scale with the proper speed of light.

Electromagnetic Vectors: Electromagnetic radiation has transverse oscillating electric and
magnetic fields. If we imagine freezing the wave, the electric field has a specific vector
direction which by convention we say points away from positive and towards negative and the
magnetic field by convention points from North to South. Therefore one difference between an
electromagnetic wave and a gravitational wave is that the electromagnetic wave produces
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transverse vectors which are unsymmetrical (electric and magnetic fields) while the
gravitational wave is a symmetrical transverse wave. We can also designate the unsymmetrical
effect on spacetime produced by EM radiation as “polarized spacetime”. Both EM radiation
and gravitational waves do not modulate either the rate of time or proper volume. The
impedance of free space (associated with electromagnetic radiation) is the same as the
impedance of spacetime (associated with gravitational waves) when charge is converted to a
length distortion of spacetime. Therefore electromagnetic waves are also waves in the vacuum
fluctuations of spacetime.

If we are going to explain electromagnetic fields using only the properties of spacetime, it is
necessary to incorporate into the explanation a nonreversible (polarized) effect that does not
produce an oscillation of either proper volume or the rate of time. Explaining an electric field
(and later a magnetic field) using only the properties of spacetime has been the most difficult
task (invention) of any creative new idea described in this book. In particular, it was difficult to
1) initially recognize that the solution must involve polarized spacetime, 2) to find a model that
would generate the correct force 3) not modulate proper volume and 4) result in the
unsymmetrical (polarized) characteristics required for an electric field. For example, there
must be a physical difference between the positive electric field direction and the negative
electric field direction (the opposite direction). This requires asymmetry in the spacetime
model of both electric and magnetic fields. This asymmetry necessitates the consideration of
an unconventional solution.

It is proposed that an electric field is a distortion of one spatial dimension of spacetime that
results in a slight asymmetric speed of light in opposite propagation directions. This
produces a one way distance between points measured by light propagation time in the
positive electric field direction that is different than the light propagation time between the
points measured in the negative electric field direction. There is no net proper volume
change or no net rate of time change because the round trip time between the points is
unchanged (except for a slight gravitational effect discussed later).

While this proposal was developed by examining the electric field of a confined photon, it
applies equally to the electric field produced by a charged particle. However, the electric field
produced by a charged particle is more complex than the electric field produced by a confined
photon. In chapter 11 it will be proposed that that the charged particle not only has a
non-oscillating strain that we know as the particle’s electric field, but there is also an standing
wave that is oscillating at the rotar’s Compton frequency. It is the interaction of this oscillating
standing wave with vacuum energy that produces the non-oscillating strain (the particle’s
electric field). The distortion of spacetime that produces a magnetic field will be discussed
later.
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Gravitational Wave Comparison: Electromagnetic radiation is a first cousin of a gravitational
wave. They both are transverse waves that propagate at the speed of light in the medium of
spacetime. They both experience the same impedance of spacetime (Zs = c3/G). Another way
of saying this is that they both propagate as a quantized angular momentum disturbance in the
superfluid dipole waves that is spacetime. Therefore, what is the key difference? A
gravitational wave produces an oscillating distortion of the two spatial dimensions - transverse
to the propagating direction. A spherical volume becomes an oscillating ellipsoid with one
transverse dimension elongating while the orthogonal transverse dimension contracts. There
is no change in the net volume.

The electric field direction of electromagnetic radiation is proposed to distort only one
transverse dimension. This is easier to visualize if we imagine a static electric field - for
example, the electric field between two parallel plates of a vacuum capacitor. Polarized
spacetime is spacetime that has a different property in opposite propagation directions.
Furthermore, we know that the polarization effect cannot produce a net change in proper
volume. A gravitational wave meets this requirement because the increase in one dimension is
offset by a decrease in the orthogonal transverse dimension. An electric field is similar, except
simpler. The dimensional increase and decrease happens in the same dimension. One
propagation direction experiences the increase while the opposite propagation dimension
experiences the decrease. The round trip propagation time (round trip distance) is unchanged.

We know that an electric field must have some difference between the positive electric field
vector and the negative electric field vector. The proposed difference is the simplest possible
difference that produces a net polarization of spacetime without also producing a net change in
volume or a net change in the rate of time. This proposed model of an electric field will be
further supported in chapter 10 by a calculation which shows that this model produces the
correct electrostatic force between rotars with elementary charge e. The calculation cannot be
presented here because it requires the introduction of additional concepts.

Note to Reader: The following pages contain proposed experiments. They are presented in the
chronological order that they were developed. These experiments are theoretically possible
but they have practical difficulties because the effects are small. However, the description of
these difficult experiments expands the model.

Proposed Experiment Using Photons: Earlier in this chapter a “maximum confinement
resonant waveguide” was described. Briefly this cavity was a reflecting cylindrical cavity
slightly more than %2 wavelength in diameter with flat reflective surfaces separated by %
wavelength oriented perpendicular to the cylindrical axis. This cavity will confine circularly
polarized photons in the minimum resonant volume. When a standing EM wave is set up in this
cavity, the maximum rotating electric field strength would be in the central plane that is half
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way between the flat reflectors. A standing EM wave has the electric and magnetic fields 90°
out of phase. This is different than a traveling EM wave which has these two fields in phase.
Therefore, the rotating “standing wave” that forms in this cavity would have the magnetic field
minimized in the central plane where the electric field is at its maximum.

It is hypothetically possible to detect a periodic path length change in a plane perpendicular to
the cylindrical axis provided that there are a large number of photons resonating in the cavity.
We previously calculated that a single photon in this maximum confinement cavity would
produce displacement amplitude equal to dynamic Planck length across the distance of A
(ignoring a numerical factor near 1). It is impossible to detect this short a path length change
but many coherent photons (7, photons) produce displacement amplitude of \/n_pr which is

theoretically detectable if 7, >> 1. If this is correct, then it should be possible to characterize
the displacement of spacetime produced by the electric field and the magnetic field using two
beams of light propagating in opposite directions perpendicular to the microwave radiation.
We will discuss the effect of a magnetic field on spacetime later, so for now we will only discuss
the effect of the rotating electric field. The rotating electric field should produce an
unsymmetrical displacement (opposite sign for opposite directions) of \/ﬁpr and this effect

would be maximum in the center of the cavity.

To detect this effect, counter propagating laser beams wound propagate through the central
plane of the resonant microwave cavity. The path length that these beams experience should
be modulated by the electric field of the rotating radio wave. At any instant in time one
direction would be experiencing an elongation in the optical path length of the probe laser
beam while the opposite direction would experience a decrease in the optical path length. This
effect would then reverse every half cycle of the radio wave. If the beams are combined in a
beam splitter after a single pass through the chamber, then the two combined output beams
should exhibit a slight amplitude modulation at either the frequency of the radio wave or twice
the frequency of the radio wave depending on the phase relationship of the two laser beams.
The two output beams exiting the measurement interferometer would be amplitude modulated
180° out of phase. To increase the strength of the modulation, it would be desirable to have the
laser beams make multiple passes through the chamber. This is possible provided that the
optical path is chosen such that the effect is additive.

An example will be given of a hypothetical experiment. Suppose we assume a maximum
confinement resonant cavity is constructed for a radio wave with a reduced wavelength of
A=1 m (angular frequency of w= 3x 108 s1). This cavity would have a % wavelength
dimension of 7meters and resonate at about 48 MHz. If we ignore numerical factors near 1, we
can say that the central volume containing the strongest electric field has volume of A% ~ 1 m3.
If a single photon at the resonant frequency is placed into the cavity, then the proposed
difference in the optical path length between two laser beams propagating in opposite
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directions across the width of the cavity one time would be equal to about Planck length. Ata
frequency of 48 MHz a single photon has energy of 3 x 10-26 Joules.

Many coherent photons (72, photons) would produce a path length difference between the
opposite propagating beams approximately equal to ,/n, L, For example, suppose that the

resonant cavity had a Q of 10,000. Then perhaps it is possible to obtain a confined radio wave
with total short term energy of 30,000 Joules in this cavity. At a frequency of 48 MHz this
would be 103° photons and the single pass oscillating path length change would be about 101>
times greater than Planck length (~ 10-20 m). Multiple passes (N passes) could achieve a path
length difference of about 10> x Z, x N meters. For example, the LIGO experiment currently
attempting to detect gravitational waves uses a Fabry-Perot interferometer that achieves a
sensitivity equivalent to N = 1,000.

If the cavity had a diameter exactly equal to %2 wavelength of the radio wave, then this
circularly polarized radio wave would rotate 180° in the time required for the laser beam to
propagate once across the cavity. Since the diameter needs to be slightly larger than %
wavelength, this means that one of several possible provisions must be made to keep multiple
passes of the laser beam in phase with the rotating radio wave to achieve an additive effect.

The hypothetical experiment described here indicates that it is theoretically possible to detect
an effect because the displacement of spacetime is much bigger than the theoretical detectable
limit of Planck length. However, there is a question of whether current technology is capable of
detecting the small displacement described here. For example, the single pass displacement of
roughly 10-20 meter is less than the single pass detectable limit of the LIGO experiment.

Experiment Using Particle Accelerators: The previous experiment suggested to detect the
polarization of spacetime produced by the electric field of EM radiation involved a hypothetical
experiment that would require the construction of a specialized RF resonant cavity. It should
also be possible to devise an experiment which used an electric field generated by charged
particles rather than photons. In the simplest case, imagine a parallel plate vacuum capacitor
which consists of two parallel plates separated by distance L; where the plates have
dimensions larger than L. It was previously shown in this chapter that 4./r= ¥ where V is
voltage in Planck units. If we equate r= L, the electric field induced strain 42/, and the value
of AL between the two plates of a vacuum capacitor is:

AL/l =V AL/ L, = the strain in spacetime between two charged plates separated by Z;
AL=V 11 AL = difference in one way optical path length between two charged plates

AL=V L, another way of expressing 4L = V' L; where all terms are in Planck units

AL =V L1 can be expressed using SI units of voltage as follows:
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F
AL=V L set V=V/V and = 4np = 1.043x 1027 Volts  therefore:

€o

4me,

VL
AL = V_l = VL; = VL1/1.043 x 1027 Volts
p

p

A linear particle accelerator is essentially a series of capacitors with an axial bore and phased
electrical potential. These capacitors are driven by klystrons which are generating an
oscillating electric field. For example, the Stanford Linear Accelerator is driven at 2.856 GHz
which has a half wavelength of about 5.2 cm. The significance of this is that the propagating
electric field generated in the accelerator reverses its polarity every 5.2 cm. Parts of a beam of
laser light would always be experiencing a positive electric field and parts of the beam (5.2 cm
separation) would always be experiencing a negative electric field (assuming proper phasing).
The reversal in electric field happens every 5.2 cm. A Michelson interferometer has two arms
that can be adjusted to have different optical path lengths. There should be a slight difference in
the interference when the arms have equal path lengths compared to when the arms are
unequal by 5.2 cm (by % of the microwave wavelength).

The value of 4L is not just a function of the total electrical potential accumulated along the
length of the accelerator; it is also a function of the effective capacitor spacing of each segment
of the accelerator. The total change in path length produced by the entire length of the
accelerator (designated 4Li:) should be considered as the sum of the change in path lengths
produced by the many capacitor sections, each with spacing Zi. Therefore the value of the path
length change is 4L = V L; but in this case V is the total accelerator electrical potential but Z; is
the effective length of each of the capacitor segments rather than being the total length of the
accelerator.

For example, the Stanford linear accelerator has a total acceleration voltage of 50 gigavolts.
From the specifications, it appears as if the accelerator should have about 28,000 segments
(acceleration gaps) with the distance Z; being approximately Z; = 0.026 m. However, since this
is an unconfirmed estimate. Assuming these numbers, each segment would add about 1.76 x
106 Volts over 0.026 meters for an average electric field is £~ 6.7 x 107 V/m. The maximum
electric field is limited by unwanted field emission of electrons. We will designate the number
of segments with the symbol M. For this example A; = 28,000. Therefore the total value of 4L
from all the segments will be the 4L for a single segment times the number of segments N. The
single segment 4L is:

AL=V Li=(V;/V,)Li set V= 1.76 x 10 volts, I}, = 1.04 x 1027 volts and Z; = 0.026 m

AL~ 44x10%3m the path length difference produced by a single segment
ALt = AL Ns= 1.2x 1018 m  total path length change produced by all segments Ns = 28,000
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Even though this is almost 1017 times larger than the theoretical limit of Planck length, this is
still a small path length change to detect with current technology. Detecting this small a path
length change becomes a signal to noise ratio problem. It appears to be slightly below the
practical detection limit set by signal to noise ratio. However, this is merely a preliminary
analysis without including improvements such as multiple passes or improved equipment
design.

Prediction: Implied Energy Density Limit: When I first developed the equations for the
amplitude produced by electromagnetic radiation, I quickly realized that there was implied in
these equations a maximum energy density that any given frequency of electromagnetic
radiation can achieve. This theoretical maximum energy density would occur when the model
demands 100% modulation of the properties of spacetime. The implied prediction was that it
should be impossible to exceed this 100% modulation condition which would occur when
AL/A= 1 at a frequency of w = ¢/ Fortunately, this prediction could be easily proven or
disproven without an experiment. Here is the reasoning.

Recall that we are loosely defining a volume of A% by ignoring numerical constants near 1. We
will start with the previously determined equation: AL=+/nL, We will designate n. as the
critical number of photons at frequency w required to theoretically achieve 100% modulation
at wavelength A. This condition occurs at 4L/4 = 1 or AL =A. This critical number of photons
in volume A7 has a critical amount of energy of £. Therefore we will analyze the critical energy
E: in volume A to see if there is any obvious reason preventing electromagnetic radiation from
exceeding the implied limit that would achieve 100% modulation (achieve 4L =A.)

E. E

nC = E = E Set ALZ = nCLpz
E A\ (Gh
A2 = neL,? = (ﬁ) (c_3) set AL =A
GE G E
A= —46 = _rzn =Ry where R; = the classical Schwarzschild radius for energy of —;
Cc Cc C

This is a fantastic result! It is not necessary to do an experiment to prove that this prediction is
correct. The intensity (energy density) that would achieve 100% modulation of spacetime
(radius dependent) would also produce a black hole. Therefore, it is indeed impossible to
exceed the implied limit that would achieve 100% modulation. This is a successful test of the
“prediction” that the spacetime model of electromagnetic radiation cannot exceed the intensity
that would demand more than 100% modulation of spacetime. This successful test not only
supports the model of EM radiation propagating in the medium of spacetime, but it also gives
an insight into the conditions that create a black hole. A black hole can be explained purely on
the basis of equaling the energy density of spacetime without resorting to the concept of
“curved spacetime”.
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Magnetic Field Analysis

Comparison between Electric and Magnetic Fields: What is the effect on spacetime
produced by a magnetic field? We know that an electric field and a magnetic field are
intimately connected by the speed of light (€ = c#). A magnetic field in one frame of reference
can appear to be an electric field and magnetic field in another frame of reference.

There are two common ways of producing a magnetic field 1) an electric current in a wire and
2) the magnetic field associated with the spin of subatomic particles. There is a very good
explanation of a magnetic field generated by current in a wire. This explanation by Ed Lowry?!
is based on the special relativity transformation of an electric field. When current flows in a
wire, the negatively charged electrons in the wire are moving relative to the positively charged
protons in the wire. Therefore, the positive and negative charges in the wire are in two
different average frames of reference. When an external electron moves parallel to the wire, it
also is in a different frame of reference. The moving electron experiences a transverse electric
field that exerts a transverse force on the electron. This force will be towards the wire if the
external electron is moving in the same direction as the electrons in the wire. The force will be
away from the wire if the movements are in opposite directions. While this explanation gives
important insights, it does not explain the distortion of spacetime produced by a magnetic field.

The force on the external electron increases with relative speed. When the electron is traveling
near the speed of light, the energy density of the magnetic field has been almost completely
transformed into a transverse electric field. A photon is propagating at the speed of light,
therefore if it is propagating in a transverse magnetic field the photon experiences a transverse
electric field. The direction of the electric field is 90° relative to the transverse magnetic field.
What effect would this have on a photon? Unfortunately, a transverse electric field produces a
subtle effect. A transverse electric field is polarized spacetime exhibiting the asymmetry
previously discussed. The transverse direction of the asymmetry would produce no effect on
distance and no effect on the polarization of the light. Instead, I propose that the only effect
would be that the direction of propagation of the light would not be precisely perpendicular to
the wavefront. A converging beam of laser light would come to a focus at one spot when there
is no transverse magnetic field and focus at a slightly different spot when there is a transverse
magnetic field. In a typical experiment these spots would overlap to a degree that it would not
be possible to measure the difference. The signal to noise ratio would be too low.

An Electron’s Magnetic Field: The spin of an electron produces a magnetic field that is
aligned with the spin axis. Therefore, perhaps it is possible to obtain an insight into the
distortion of spacetime produced by a static magnetic field by looking at the rotar model of an

L http://users.rcn.com/eslowry/elmag.htm
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electron. Since a magnetic field is closely related to an electric field, a magnetic field must also
be associated with a strain of the length dimensions with no distortion of the rate of time and
no change in total volume. An electron is most well-known for its electric field, but the spin of
the electron also produces a magnetic field. The energy density of an electron’s magnetic field
decreases more quickly with distance than the electron’s electric field. Therefore the electric
field dominates when distance r is much greater than an electron’s quantum radius R,.
However, when r= R, the electron’s magnetic field should have a comparable energy density
to the electron’s electric field.

We will begin the quest to deduce the spacetime model of a magnetic field by doing some
plausibility calculations to see if the rotar model of an electron can give plausible agreement
with the magnetic properties of an electron. If the universe is only spacetime, then a magnetic
field must be a distortion of spacetime. We are going to attempt to make a connection between
an electrical current flowing around a loop of wire and the rotar model of a fundamental
particle. We know that a current flowing around a loop of wire produces a magnetic field. If
the proper connection is made, then we should be able to see how the rotating dipole wave of
the rotar model produces an electron’s magnetic field.

The rotar model of a fundamental particle has a dipole wave in spacetime chaotically
propagating at the speed of light around a volume of space. This volume can be mathematically
approximated by the rotar model with a circumference equal to the particle’s Compton
wavelength. Therefore the radius of this volume is equal to ;. Even though the propagation is
chaotic, there is a definable expectation rotation direction and rotation axis. Suppose that we
test the postulate that the magnetic field produced by an electron is equivalent to a point
particle with charge e propagating at the speed of light around a loop with radius equal to the
rotar’s quantum radius A&, This radius has a circumference equal to the rotar’s Compton
wavelength A.. Since the propagation speed equals the speed of light, the rotation frequency
around the loop would be equal to the particle’s Compton frequency v. = wc/21. We will
assume a fixed axis of rotation rather than the chaotic axis of the dipole wave.

With these assumptions, it is possible to determine the electron’s circulating current
(designated £) that would be flowing around this hypothetical loop. We will assume the
constants associated with an electron. Therefore £, = 3.86 x 1013 m and an electron’s
Compton frequency is equal to: v. = ¢/A. = 1.23 x 1020 Hz. The electron’s equivalent circulating
current (symbol £) is simply elementary charge e = 1.602 x 10-1° Coulomb times the electron’s
Compton frequency v. = 1.236 x 1020 Hz.

le= ev.~ 19.796 amps I = electron’s equivalent circulating current ~ 19.8 amps

We can check to see if this current produces the correct magnetic effects if we imagine a loop of
wire with radius equal to an electron’s quantum radius Ry Specifically, we will see if this
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current in this size loop of wire would produce the same magnetic moment as an electron
(before QED interactions). The magnetic moment ym of a loop of wire with area 4= 2 and
current / is: um = A/. To simulate an electron, we will use: A=nR? and /= I.= ev.

Um =TRZ I, =1 (3.8616 x 1013 m)2 x 19.796 amp = 9.274 x 10-2*] /Tesla

This is a successful test because 9.274 x 10-24 J/Tesla equals an electron’s Bohr magneton
(Ms=eh/2m. = 9.274 x 10?* J/Tesla.) A more rigorous calculation (not shown here)

incorporating Ry, e V. etc. shows that the rotar model of an electron gives (s = efi/2m.. The
term “Bohr magneton” is used to express a simplified version of an electron’s magnetic dipole
moment. The experimentally measured value of an electron’s dipole moment differs from this
Bohr magnetron number by about 0.1%. This small correction factor obtained from QED (the
anomalous magnetic moment) will not be discussed further because the objective here is to
develop a spacetime based model of a magnetic field. To achieve this goal, we will test the
postulate that the rotar model of an electron (on axis) produces the same magnetic field as if
there was a point particle with charge e propagating at the speed of light around a loop with
radius equal to the electron’s quantum radius R,. From this postulate, the electron’s magnetic
field calculated from / and Ry will be designated . The equation for the magnetic field at the
center of a single circular loop of wire with radius rand current / is:

L= wl/2r set /= /. and r= R, for an electron (R; = 3.86 x 10-13m)
P =3.22x107 Tesla Z. = electron’s equivalent magnetic field

This large magnetic field would have energy density of 3.22 x 1022 |/m3. To test the postulate,
we must ask the question: Is this reasonable? How does the implied energy in the magnetic
field compare to the energy in the electron’s electric field external to the electron’s quantum
volume (external to £;)? The calculation is not shown here, but the energy in the electric field
external to an electron’s radius Rq is (2)aF = 3 x 10-1¢]. We want to test whether the large
magnetic field of 3.22 x 107 Tesla is reasonable by making a comparison to the energy in the
electron’s external electric field. We will make the assumption that the magnetic field fills a
volume equal to the electron’s quantum volume (Vg = [41t/3]R3 = 2.41 x 1037 m3). It also
produces an external magnetic field, so this estimate should be low. Is the energy in the
electron’s external electric field (~3 x 10-1¢ J) comparable to, but more than, the energy in a
3.22 x 107 Tesla magnetic field filling the electron’s quantum volume?

E=UVy= (B?/21)(4Tt/3)R3 = 10716 energy in the calculated magnetic field in volume V4
Therefore this simple calculation shows that a magnetic field of 3.22 x 107 Tesla is reasonable.

We can also perform a more exact test. Recall that for any fundamental rotar such as an
electron, the slope of the strain curve at arbitrary distance was always implied a spatial

displacement at the center of an electron of Va L, which is 1.38 x 10-3¢ m. Out of curiosity, we
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will look at the implied 4L for a 3.22 x 107 Tesla magnetic field over a distance equal to the
electron’s quantum radius A; = 3.86 x 1013 m. Even though we have not yet proposed the
physical interpretation of 4L produced by a magnetic field, it is still possible to calculate the
magnitude of AL for this magnetic field of 3.22 x 107 Tesla over a distance equal to R,. For an
electric field, we previously had AL = £ le where L; was defined as the dimensions of a cubic
vacuum capacitor. Now we will replace Z;with Ry, which is the radius of the rotar model of a
fundamental particle. We will not prove it here, but a Lorentz transformation of an electric
field expressed in dimensionless Planck units (£ = £/&;) can be considered equivalent to a
magnetic field expressed in dimensionless Planck units (8 = 83/38p). In this equation B, is
Planck magnetic field which is B, = Z/q, = 2.15 x 10> Tesla. This means that, ignoring
numerical factors near 1, it is reasonable to convert AL =E L2 to AL = B Egz when we are
dealing with a fundamental particle with radius R,.

AL = B Ry Planck units

AL =3B qu/prLp converted from Planck units to SI units

Set B =3.22x 107 Tesla, B, = 2.15x 10>3 Tesla, L, =1.6x103°m, R;=3.86x1013m
AL =1.38x 10 m=ValL,

A more general calculation (not using numbers) can be made and it gives the same answer that
AL = vJaL, Therefore, this is a successful plausibility calculation on two fronts. First, it says
that the calculated magnetic field produces the same magnitude of 4L over the same distance
Ry as the electric field for the rotar model of an electron. However, the physical interpretation
of 4L is different for a magnetic field than for an electric field. Secondly, it gives added
assurance that we can look to the rotar model of an electron to understand the distortion of
spacetime that produces a magnetic field.

As previously explained, the rotation of an electron’s extremely small distortion of spacetime is
chaotic because it is at the limit of causality. However for analysis, we can imagine a stabilized
electron rotation with a fixed axis of rotation. Proceeding along this axis of rotation, we would
experience the distortion of spacetime that is producing a magnetic field of about 3 x 107 Tesla.
This is a very strong magnetic field compared to anything that can be generated by man.
However, it is also very weak compared to Planck magnetic field of about 1053 Tesla. What is
different about this quantum volume compared to a typical volume of spacetime that is not
inside an electron and does not have a magnetic field? The “typical” volume of spacetime
contains chaotic dipole waves with Planck energy density (about 10113 J/m3), but the dipole
wave distortion averages out to being as homogeneous as quantum mechanics allows The
obvious difference is that the electron’s axial volume also contains an organized spatial and
temporal distortion of spacetime that has a small rotating component with strain amplitude
equal to Ag = 4.2 x 10-23. For review, see figures 5-1 and 5-2 from chapter 5.
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Extending this line of thought to the magnetic field produced by electrical current flowing in a
solenoid would seem to imply that the magnetic field is associated with a rotation of spacetime.
For example, the electrons flowing in the solenoid are in a rotating frame of reference. The
external volume of each electron (chapter 10) extends far beyond the quantum volume. The
effects of the moving electrons would extend to the center of the solenoid and beyond.

However, there are several problems with this magnetic model and more work is required. A
simplified extension of this model implies that linearly polarized light propagating along a
magnetic field will experience a slight rotation of the plane of polarization (a Faraday Effect).
This suggests another experiment which has been analyzed but not presented here.
Calculations indicate that this small rotation angle to the plane of polarization would be slightly
less difficult to detect then the previously calculated electric field effects if the magnetic field
effect could be isolated. However, the magnetic field also has some competing masking effects
not encountered by the electric field experiments. Spacetime is filled with activity which
includes electron/positron pairs. These virtual particle pairs should also produce a slight
Faraday Effect which can mask the calculated spacetime Faraday Effect which excludes the
resonances we consider to be virtual particle pairs. Furthermore, any residual gas molecules in
a partial vacuum would also produce a competing Faraday Effect. For these reasons, the
vacuum Faraday Effect will not be analyzed further because any experiment would not be
conclusive proof of the spacetime model.

Comparison of Models: As a parting gesture, I just want to stand back and compare the
proposed spacetime based model of a static electric or magnetic field to the currently accepted
standard model. In the standard model all force is conveyed by “messenger particles”. The
electromagnetic force is conveyed by virtual photons which are not to be confused with virtual
photon pairs (see chapter 7).

A static electric field and a static magnetic field both have energy density. This is a real effect
that implies some tangible difference between a volume of spacetime that has an
electric/magnetic field and a volume of spacetime that has no electric/magnetic field. The
“Reissner-Nordstrom" solution to Einstein's field equation gives the gravitational effect of this
energy density, but there is no theoretical model of an electric or magnetic field itself. The
electromagnetic force is supposedly transferred by messenger particles. This implies that an
electric or magnetic field must generate virtual photons without any contact with the matter
that is generating the field. Two examples will illustrate this. First, suppose that a free neutron
is stationary in a magnetic field. When it decays it generates a rapidly moving electron, a
proton and electron antineutrino. The rapidly moving electron and the slower proton
immediately feel a Lorentz force exerted by the magnetic field. The force happens before speed
of light communication exerts an opposing force on the source of the magnetic field. Therefore,
the Lorentz force on the moving electron is being generated by virtual photons which must
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originate from within the magnetic field itself. Is there a limit to the amount of force that can
be generated by a weak magnetic field without communication back to the source?

The second example will examine this question. Suppose that the magnetic field of a star
equals the earth’s magnetic field strength (~5 x 10-5 Tesla) at a distance of 3 x 10° m from the
star. Therefore, at this distance any force exerted by the magnetic field takes about 10 seconds
to be communicated back to the star. Now at this distance, suppose that there is a square loop
of wire that is one meter on each side. Furthermore, suppose that two of the 4 sides are
parallel to the magnetic field and two of the 4 sides are perpendicular to the magnetic field. If a
current flows in this wire, a Lorentz force will be exerted on the two perpendicular sections of
wire (one meter each) and a net torque will be exerted on the loop of wire.

Theoretically, any current can be made to flow in the loop of wire up to Planck current which is
about 3.5 x 1025 amps. For example, a current of 2 million amps would exert a 100 Newton
force on each of the two wire sections that are perpendicular to the magnetic field. If the
current flow is started quickly, then all the torque exerted on the wire loop comes from an
interaction with a limited volume of the magnetic field. The energy density of a 5 x 10-> Tesla
magnetic field is only about 10-3 J]/m3 and it takes 10 seconds to transfer this torque to the star.
Therefore, if the current started over 3 x 108 seconds, the maximum volume that could be
accessed at speed of light communication would be about 1,000 m3. This limited volume has
only about 1 Joule of energy in its magnetic field. It would take 3 x 1010 watts of real photons to
generate a force with a magnitude of 100 Newton. How do virtual photons with no real energy
accomplish this?

This example does not imply a violation of the conservation of momentum. A powerful
magnetic field is being established and the star’s weak magnetic field is distorting the
formation of the new magnetic field. However, the question remains: How exactly does the
virtual photon model explain the force magnitude (100 N) and force vectors exerted on these
wires? Carrying this thought experiment to an extreme; Planck current would generate a force
of about 102! N on each of the two wire sections without communicating any torque back to the
star.

There is no commonly accepted explanation in the standard model for an electric/magnetic
field in terms of something more fundamental. On the other hand, the spacetime based model
of the universe can easily explain an electric/magnetic field in terms of a distortion of
spacetime. Even the instantaneous generation of a 102! Newton force can be explained. The
magnetic field is a distortion of spacetime with its sea of dipole waves. The maximum force
that spacetime can exert is equal to Planck force which is about 10%* N. The spacetime model of
the universe has the ability to explain many of the mysteries of quantum mechanics.
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Spacetime Units

In chapter 10 we will try to combine the insights gained from charged particles and from
electromagnetic radiation to give a conceptually understandable model of the external volume
of charged rotars. The last step in this chapter is to build on the insights that were gained in
the exercise that eliminated charge as a unit. Eliminating charge and replacing this with a
strain in spacetime is a step towards developing units based on the properties of spacetime.
However, this step does not take the real plunge. It is necessary to eliminate mass as the
fundamental unit and develop units based only on the properties of spacetime. Even though
length and time are related to spacetime, the meter and second are human constructs. Planck
units have always been considered the most fundamental of units since they are not human
constructs. It has been said that if aliens attempted to communicate with us, they would use
Planck units because these units are derived from the constants of nature. What could be more
fundamental than a system of units based on 4, Gand ¢?

If the universe is only spacetime, it should be possible to express constants and units such as
kilogram, Newton and Coulomb using only the fundamental properties of spacetime. This
spacetime conversion is not particularly convenient to use, and it is closely related to Planck
units. However, it is very informative to see how common units can be constructed out of the
properties of spacetime. In particular, it is important to grasp the idea that mass is not a
fundamental unit when we look at the universe from the standpoint of spacetime being
fundamental. Mass is a measurement of inertia and inertia is a characteristic of energy
traveling at the speed of light in a confined volume. Deflecting energy traveling at the speed of
light causes momentum transfer. This is the source of all forces including the pseudo-force of
inertia. The goal is to express everything, including mass, in terms of the properties of
spacetime.

We will start the search for spacetime units by looking at one of the 5 wave-amplitude
equations previously described.

U=H w’Z/c equation giving the energy density in a wave

When we apply this wave-amplitude equation to spacetime, it should be easy to express this
equation if we use the fundamental properties of spacetime. The first obvious candidate for a
fundamental property of spacetime is “Z’ the impedance of spacetime (Zs; = ¢?/G). Another
candidate is “¢’, the speed of light, but this is not as certain as Z

Other candidates for being fundamental units of spacetime must be contained in the amplitude
term A. We know that a general expression of the maximum permitted dipole wave in
spacetime is: Hpax = L,/A4 = Tpw. This is the maximum strain amplitude which in turn is
dictated by the maximum displacement amplitude of spacetime: dynamic Planck length Z, and
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dynamic Planck time 7). Itis proposed that dynamic Planck length Z, and dynamic Planck time
7, are both fundamental properties of spacetime. They are added to our list making a total of
four candidates. Therefore, the four candidates are Z; ,, 7,and ¢ We really only need three
terms to express everything in the universe, therefore there are three possible combinations of
three terms that could serve as the basic units of spacetime. These are: 1) 7, L,, Zs 2) ¢ Ly, Zs
and 3) ¢ 7p, Zs

All of these combinations have advantages and disadvantages. [ will use the combination of:
¢ Ty Zs as the units of spacetime. After working with the different combinations I find this
combination the most intuitive. For example, the speed of light and the impedance of
spacetime seem to belong together. The unit of Planck time becomes the quantized heartbeat
of the universe. While working to develop the model of electric field and charge, this
combination is somehow easier to visualize. Recall that the impedance of spacetime is Planck
mass divided by Planck time. (Z; =M, /T,). Therefore all conventional units can be expressed
using these 3 properties of spacetime. However, the use of ¢ 7, and Z; gives answers that
correspond to Planck units which are not convenient for everyday use. To illustrate how these
spacetime units work, the unit of force has dimensional analysis units of ML/T? and
conventional units of kg m/s?. The spacetime units of force are ¢Z;. However, these units
specify Planck force (~1.2 x 10#* N) which is the largest force spacetime can exert. For another
example, to specify the gravitational constant ¢ using conventional units it is necessary to
include a constant (6.673 x 10-1!) and the units of m3/kg s2. With spacetime units the
gravitational constant is equal to 1 and the units of the gravitational constant are ¢?/Z, The
spacetime units on the next page treat charge as a strain of spacetime with units of length.
Recall that the charge conversion constant 7 is:

We have long ago found the optimum ways of expressing conversion constants that simplify
calculations. Instead, this exercise is intended to illustrate how the properties of spacetime can
be manipulated to produce familiar constants and units of physics. It may be difficult for the
reader to imagine physics without mass or energy being a fundamental unit. However, the
maximum force that spacetime can support is ¢7, and the maximum quantized mass is 7,Z.
Mass and energy are a quantification of properties of spacetime. This change in perspective
has a great deal of appeal once it is internalized.

On the following table:

L val 1
n Q—p == E— /4715 o= 8.617 x 10-18 meter/Coulomb
P o’p
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Name
elementary charge

Spacetime Units

Spacetime Conversion

e=(1/n)WacT,

impedance of free space Zo=n?4nZs
speed of light c=c
Planck’s constant h =T 7
gravitational constant G=c73/Zs

Coulomb force constant
permeability of free space

(1/4me,) =n? cZs
(o/4m) =n° Zo/c

Transformation of Planck Units into Spacetime Units

Planck Units Standard Conversion Spacetime Conversion
Planck length b :\/W I =cT,
Planck mass mp =4/hc/G mp = TpZs
Planck frequency wp = \/CS/TG wp=1/T,
Planck energy E,= \/F/G Ep =32TyZs
Planck force Fp,=c/G F,=cZ;

Planck power P,=c/G P, =727
Planck energy density Uy =c/hG? Up = Zs/cTy?
Planck impedance Zp = 1/4meoc Zp=n*Zs
Planck charge gp = \/m g, =/n)cT,
Planck electric field E=ct/ Gm & =nZ/T,
Planck magnetic field Bp=c3/ G\/W By =n Zs/cTp
Planck voltage = W h=n cZs

While it is possible to express all the units of physics using only the properties of spacetime
(¢ T, and Z), it will be shown in chapter 14 that it is necessary to add one additional
dimensionless designation (I'y) to quantify the changing properties of spacetime. As will be
explained in chapter 14, spacetime is undergoing a transformation that is changing all the units
of physics relative to an absolute standard that is unchanged since the Big Bang.
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Chapter 10

Rotar’s External Volume

External Volume of an Electron (Conventional Model): Before presenting the spacetime
based model of the external volume of a fundamental particle, we will first look at the
competition. The conventional model of an electron is a point particle (or vibrating string with
no volume) surrounded by an electric and magnetic field. The energy density of a macroscopic
electric field from elementary charge eis: U = (1/8m)(afic/r*). The energy external to a given
radial distance ris: Eexe = (1/8me,)(€?/r) = %(ahc/r). This energy density shows that an
electron’s electric field is a real physical entity. An interaction with an electron’s electric field
does not exhibit any delay that would occur if messenger particles had to be sent out by an
electron. In chapter 9 an example was given involving the magnetic field of a star. This
example clearly illustrates the inadequacy of the exchange of virtual photon messenger
particles to explain the electromagnetic force. In this chapter we will develop further the
spacetime based explanation of electric and magnetic fields.

If the electron’s radius is less than the classical radius of an electron (~ 1015 m) then there is
an additional problem with the point particle model because a smaller radius makes the energy
in the electric field exceed the total energy of the electron. For example, if a particle or the
vibrating string was considered to be contained in a volume with a radius of Planck length, then
the energy in the surrounding electric field would be about 107 J. This problem is usually
ignored by saying that the electron has an “intrinsic” electric field associated with elementary
charge e. If we are attempting to give conceptually understandable explanations of quantum
mechanics using the properties of spacetime, then we do not have the luxury of being able to
ignore such problems. It is even necessary to describe charge and electric field in terms of the
properties of spacetime.

External Volume of a Rotar: We will now look at the spacetime model of the “fields”
associated with a fundamental particle. A rotar has previously been described as a unit of
quantized angular momentum in a sea of vacuum fluctuations. These vacuum fluctuations have
superfluid properties as previously described. The vacuum fluctuations cannot possess
angular momentum and therefore any angular momentum must be isolated into quantized
units just like superfluid liquid helium isolates angular momentum into quantized vortices.
The “quantum volume” of a rotar possesses the angular momentum and this volume is not in
the superfluid state. While the vacuum fluctuations surrounding a rotar avoid possessing
angular momentum, the surrounding volume is still affected by the presence of a rotar
(quantized angular momentum) in its midst. The rotar produces disturbances in the volume
external to the rotar which slightly affect the sea of vacuum fluctuations that surround a rotar.
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This chapter will examine the standing waves and static strain produced in the volume
surrounding a rotar. These effects are responsible for not only the rotar’s gravitational and
electromagnetic fields but also numerous other effects including de Broglie waves and
Compton scattering.

The probability of interacting with a rotar (finding a particle) does not end at the edge of the
quantum volume. The edge of the quantum volume is mathematically significant because it
allows us to characterize properties and dimensions, but the proposed quantum mechanical
nature of a rotar is not bound by our convention. There is part of a rotar that extends far
beyond the quantum radius R, These external effects will be shown to be both oscillating
standing waves and static strains distributed across the sea of vacuum fluctuations that are
part of spacetime. The volume beyond the quantum radius will be called the “external volume”.
This external volume is still considered to be part of the rotar but it has different
characteristics than the quantum volume.

The dipole wave in spacetime responsible for a rotar has previously been described as rotating
at its Compton angular frequency and possessing amplitude of: Az = L,/R; = Tpw. It was also
proposed that the rotar is attempting to radiate away its energy into the external volume (the
sea of vacuum fluctuations). The amplitude of this attempted radiation has been designated
the “fundamental amplitude” Hr. This fundamental amplitude decreases with distance r such
that the hypothetical amplitude would be: Hr= L,/r = c¢T,/r. If there were no offsetting effects,
this amplitude would radiate away a rotar’s full energy in a time of 7/w. which is typically in
the range of 10-21 to 10-25 s. This is the same as having no stability. The few rotar frequencies
that are stable or semi-stable must produce an interaction with vacuum energy that generates
a new wave that cancels energy loss but leaves oscillating standing waves. For example, an
electron has long term stability therefore the probability of energy loss is zero. However, this
does not mean that all of the energy of an electron is confined to its quantum volume. There is
a battle going on in the external volume between the attempted emission and the cancelation
waves. The residual effects that exist in the electron’s external volume are responsible for the
electron’s gravity and the electron’s electric/magnetic fields.

Gravitational and Electromagnetic Strain Amplitudes: In chapters 6 and 8 it was shown
that gravity is the result of spacetime being a nonlinear medium for dipole waves in spacetime.
While there is cancelation of the fundamental wave emission, the nonlinear effects remain from
the battle. This results in a non-oscillating strain in spacetime with strain amplitude
(gravitational magnitude) of H; = f = HFZ/N where IV is the dimensionless ratio: N' = r/R,,.
This number designates distance from a rotar as a multiple of the rotar’s quantum radius &,
which is the rotar’s natural unit of length. It was shown in chapter 8 that this combination
ultimately results in the Newtonian gravitational equation F, = Gmmz/r?>. There was also a
proposed oscillating component of gravity that will be discussed further here. It will be shown
that this oscillating gravitational component in the external volume results in energy external
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to R, that is in the range of 10%° times smaller than a rotar’s internal energy therefore it is
undetectable.

As before, the simplest example used for illustration in this chapter is a single isolated
fundamental particle with elementary charge e. Only electrons, muons and tauons meet this
criterion. To further simplify the semantics it is easiest to use electrons in examples.
Therefore, this chapter will attempt to describe the external volume of an electron. Once this is
done there will be some discussion of the external volume of protons, neutrons, etc.

As previously stated, understanding the connection between electric fields (magnetic fields)
and dipole waves in spacetime has been the most difficult task in developing the spacetime
based model of the universe. Furthermore, the most difficult component of this explanation
has been modeling the electric field of a rotar. In chapter 9 we concluded that an electron and
other charged leptons with charge e produce a non-oscillating strain in spacetime. At distance
r this strain corresponds to the dimensionless Planck electrical potential V. = va L,/r. So far it
is not clear how this non-oscillating strain is produced. The breakthrough occurred with the
realization that gravity has an oscillating component (figure 8-1) and a static component. On
close examination it was found that the electric field produced by a charged particle such as an
electron must also have an oscillating component and a static component. Therefore a
gravitational field has two strain components (one oscillating and one static) while the
electric/magnetic field also has two strain components (one oscillating and one static). The
static component of a gravitational field has already been discussed in chapters 6 and 8. This
chapter will concentrate on the remaining three components

The model assumes that the electric field produced by an isolated electron possesses the
classical energy density external to the quantum volume where r > R, There is no continuous
loss of the electron’s energy, so these external oscillations must be standing waves that remain
after the proposed cancelation that must take place to eliminate emission of energy at
frequency w:and amplitude Hr = L,/r. In order for the standing waves to achieve the energy
density of the electric field, it is necessary for some part of the electron’s energy to reside
outside distance R; We will calculate the oscillating “standing wave” amplitude distribution
required to achieve this energy density.

U= (%) &k? energy density in an electric field € of a single electron
€= (1/4ns,) e/1? electric field produced by a particle with charge e
ahc

e2
substitution including afc= ( )

~ 8mr4 Ame,

We also have U = H? w? Zs;/cfrom the 5 wave-amplitude equations. Therefore we can set these
two energy density equations equal to each other and ignore dimensionless constants.
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H o’ Z;/c = ahc/r* substitute Z; = ¢?/Gand w = ¢/R,, then solve for H
P =a (hG/?) RZ/r*  sethG/F®=Ly% H=H. and N = r/R,

p, = YokoRa (\/ELP> (ﬁ)z — Va2

r2 Rq T N2

H. = oscillating (standing wave) amplitude component of the electric field at frequency w.

Note that the different Compton frequencies of an electron and a muon are absorbed into the
Hgand IV terms which both have a frequency dependence (Hs = L,/R; = we/wp and NV = r/R,
= rw./c) While this oscillating amplitude H. gives the correct energy density, these standing
waves do not directly convey force between charged rotars. If the oscillating component was
responsible for electrostatic force, this would imply that oscillating energy in the external
volume was propagating and energy would be continuously radiated. The standing waves in a
rotar’s external volume do not directly generate forces. However, they are indirectly
responsible for the forces between rotars. Here is the picture that has emerged after lengthy
examination.

A rotar is attempting to radiate away its energy to the surrounding sea of vacuum energy. The
few fundamental particles that are stable exist at one of the few special frequencies that
generate canceling waves in vacuum energy eliminating the loss of energy. Even though the
loss of energy is eliminated, there are four residual effects that show that a battle has taken
place. These 4 residual effects are really combined, but for analysis it is convenient to separate
them into component parts.

1) There are standing waves (associated with the electric field) remaining in the vacuum
energy that surrounds the rotar. These standing waves are at the rotar’s Compton
frequency w. and have the oscillating amplitude H. = va H/N2.

2) There is non-oscillating strain in spacetime responsible for gravity and previously
discussed in chapters 6 and 8. This strain has been designated as the gravitational
magnitude £, but to make a designation H; in keeping with other amplitude terms we
will also designate the non-oscillating term as H; = = H#Z /N>

3) There is an oscillating nonlinear effect associated with gravity and illustrated in figure
8-3 as the small amplitude waves on the line designated “nonlinear component”. This
oscillating component of gravity has previously been shown to have amplitude of Hp? at
distance R, It will be proposed that this gravitational oscillating term external to R, has
amplitude H, = HZ/N2.

4) It is proposed that there is a non-oscillating term associated with the electric field with
amplitude He = va Hz/N = V. Here is the reasoning.

In the last chapter it was determined that a single photon in maximum confinement (in volume
A%) wo