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Abstract: 

The theory presented here, entitled the theory of unified gravitation, holds that the nuclear strong 
interaction and gravitation are one and the same force.  Detailed and relatively simple 
mathematics are shown to lead to an explicit strong/gravitational force equation that relies on 
only three independent parameters, identical to the parameters used in Newton’s gravitational 
theory.  The theory is applied on various distance scales to explain a broad range of phenomena, 
and is shown to provide an unparalleled level of agreement with observations, without 
requiring an assumption of dark matter, dark energy or inflation.  Most notable is its ability to 
reproduce the morphologies of various types of galaxies and nebulae, as well as the complex 
structure of Saturn’s main body of rings.  Additional large-scale phenomena explained by unified 
gravitation include 

• The constant rotation curve observed in spiral galaxies 
• The nature of density waves in spiral galaxies 
• The mechanism underlying star formation and fragmentation 
• The parameters that determine galactic (or nebular) morphology and classification 
• The clustering of nearby galaxies, repulsion between distant galaxies, and the creation of 

galactic voids 
• The accelerated expansion of the universe  
• The cause of the observed redshift periodicity 
• The mechanism responsible for the creation of galactic and stellar wind 
• The sudden expansion of gas and matter observed in novae and supernovae 
• The formation of planetary ring systems and the composition of planets 
• The mechanism responsible for the creation of the planetary and galactic magnetic fields 
• A possible mechanism for the creation of the solar corona 
• The process of ionization that produces the vast amount of plasma in the universe.  
  

On nuclear scale, the theory is demonstrated to account for the observed weak fall-off of the 
deep inelastic scattering cross section, and to provide a scaling behavior similar to the observed 
Bjorken scaling. 
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Introduction 
 

At any given time, our knowledge of the natural world can be summarized by means of 
physical laws. These laws are used to construct mathematical models to describe essential 
aspects of an existing physical system. As we broaden our domain of observation, we must 
constantly verify whether these models, and their embedded laws, continue to be valid.  Ideally, 
an existing model should be repeatedly tested and critiqued via an iterative process, in which 
new experiments are conducted and their results compared with the predictions of the 
mathematical model.  A model that remains consistent with all measurements and observations 
will gain in status. In cases where its predictions deviate from the results of new experiments, a 
model must be adjusted to fit both the prior and the new sets of results.  As science progresses 
and the number of iterations grows, an existing model may become increasingly difficult to 
adjust. Eventually a paradigm shift might offer radical simplification, and a new model may 
emerge to replace the old one.  

This process should be governed by the principle of Occam’s Razor, which states that the 
explanation of any phenomenon should make as few assumptions as possible. This principle can 
be expressed as, ‘If all other things being equal, the simplest solution is the best.’  In accordance 
with Occam’s Razor, most successful models are initially developed with a relatively simple 
structure of few variables governed by few equations.  However, in most cases there is a clear 
trade-off between the simplicity of a model and its accuracy.  As new measurements deviate 
from the model’s predictions by an amount that cannot be discounted simply as measurement 
noise or measurement error, the model must be adjusted in order to fit reality.  Inevitably, this 
iterative process increases the model’s complexity.  Therefore, it is important not only to verify 
(after each iteration) that the modified model is consistent with the entire database of new and 
old experiments, but also to substantiate that the model is still consistent with Occam’s Razor, 
namely that the modified model is still the simplest model that explains the behavior of the given 
physical system.  This second criterion, however, is often overlooked or lost in the process.   

One of the most fundamental and powerful models used in physics combines Newton’s 
classical mechanics, which describes the relationship between force and the motion of bodies, 
and Newton’s law of universal gravitation.  Newton based his theory on three simple postulates 
and two simple equations that have since been demonstrated to provide an efficient and 
astonishingly accurate model of most ordinary mechanical situations.  Over 200 years of 
scientific advances transpired before measurements started to suggest the need for a departure 
from the Newtonian model. 
  Newton’s law of universal gravitation and his laws of motion were based on prior work 
done by Galileo and Kepler.  Johannes Kepler, a German mathematician, studied observations of 
planetary dynamics tabulated by the Danish astronomer Tycho Brahe and developed an ad hoc 
mathematical model to describe the empirical observations via three laws of planetary motion.1  

                                                 
1 Kepler’s first law: the orbit of a planet around a star is an ellipse, with the star located at one of the foci.  
Kepler’s second law: identified that the line joining a planet and its star sweeps out equal areas during equal intervals of time.  
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Kepler’s laws provided a clear blueprint with which an astronomer of the time could calculate 
and predict the location and the periodicity of planets in the Solar System. While his 
achievement was incredibly important, Kepler’s mathematical laws were empirical in nature, and 
were not derived from any basic underlying principles. The rationale and explanation of the 
theoretical principles driving these rules emerged over half a century later with Newton’s 
publication of his Philosophiae Naturalis Pricipia Mathematica.  

As Newton’s mathematical model was based on a more profound understanding of 
fundamental principles, the shortcomings of the Keplerian model became apparent.  Kepler’s 
laws were found to be inaccurate when the mass of an orbiting object is not negligible in 
comparison to the mass of the object being orbited. Furthermore, Kepler’s laws did not deal with 
situations in which the smaller body is moving faster than the escape velocity, as in the case of 
comets. Under such circumstances, the small body trajectory becomes an open parabolic or 
hyperbolic orbit, rather than a closed elliptical orbit.  In addition, Kepler’s laws assumed a two-
body system and could not be applied accurately to systems containing three or more bodies.2  
Newton’s insight therefore provided a simpler and more accurate way of calculating planetary 
trajectories, which not only resolved the limitations of Keplerian dynamics, but also substantially 
increased the scope of applications covered by the model. 

The basic framework for Newton’s theory was also inspired by the work of Italian 
astronomer Galileo Galilei, introduced in 1638.  Before Galileo, ideas about the motion of bodies 
were based on Aristotle’s assertion that the natural state of a body was to be at rest and that a 
resting body will move only if driven by a force or impulse.  Aristotle further intuited that a 
heavy body should fall faster than a lighter one, as the heavy body should by nature experience 
greater pull toward the earth. Galileo put these notions to a test.  By rolling balls of different 
weights down a smooth slope, Galileo created an effect similar to bodies falling vertically, and 
found that contrary to Aristotle’s predictions, the speed of all bodies increased at the same rate 
regardless of their mass (as long as air resistance and friction can be neglected). In other words, 
the gravitational acceleration of an object is independent of its mass.  This idea led Einstein, 
almost three centuries later, to his equivalence principle and to the development of the general 
theory of relativity.  Galileo’s experiment further demonstrated that the effect of a force is to 
change the speed of a body, rather than simply to set it in motion. It followed that a body moving 
on a level surface will continue to travel in the same direction at constant speed unless disturbed, 
a principle that became Newton’s first law.  Galileo also formed the principle of Galilean 
relativity, stating that dynamical laws are precisely the same when referred to in any non-
accelerating frame of reference, where reference frames travel at constant velocity relative to 
each other.  Hence, there is no experiment that can differentiate between a system at rest and a 
system in uniform motion, and there is no absolute motion or absolute rest state.  This principle 

                                                                                                                                                             
Kepler’s third law: the square of the sidereal period of an orbiting planet is directly proportional to the cube of the orbit’s semi-
major axis, or ܶଶ ן ܴଷ.  
2 Kepler’s laws are inadequate, for example, for calculating the orbit of the Moon, as the calculation requires taking into account 
three heavenly bodies, the Sun, the Earth and the Moon. 
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initially provided the basic framework for Newton’s theory and later on inspired Einstein’s 
special theory of relativity.     

Newton’s original formulation of his laws of motion stated the principle of Galilean 
relativity as one of five or six fundamental laws. Later on, however, Newton adopted the notion 
of absolute space and simplified his model to rely on only three independent laws: 

 
Newton’s First Law:  A particle will stay at rest or continue to move at a constant 

velocity following a straight line unless acted upon by an external unbalanced force. 
Newton’s Second Law: Observed from an inertial frame (a frame at rest or moving at 

constant velocity) the net force on a particle is equal to the particle mass times its acceleration, or  
Ԧܨ ൌ ݉aሬԦ. 

Newton’s Third Law: Whenever a particle A exerts force on a second particle B, B 
simultaneously exerts a force of same magnitude in the opposite direction on particle A. 

 
Newton then formulated a law to describe the gravitational force, stating that two point 

objects of mass ݉ and ܯ attract each other along the line that connects them via a force that is 
proportional to the product of their masses divided by the square of the distance ݎ that separates 
them. Expressed mathematically, 
Equation 1-1 

Ԧܨ ൌ
 ܯ݉ܩ
ଶݎ  ݎ̂

 
where ܨԦ  is the gravitational vector force applied on either point particle, G is a gravitational 
constant, and  ̂ݎ is the unit vector in the direction toward the other point object. Newton’s 
gravitational force thus describes a central force, which can also be stated as a conserving force 
that is derived from a potential energy function  ܸ via 
Equation 1-2 

Ԧܨ ൌ ሬሬԦܸ׏ ൌ డ௏
డ௥
ܸ where ,ݎ̂ ൌ െீ௠ெ

௥
 

 
 Remarkably, just a few simple rules result in an extraordinarily powerful and versatile 
theory that predicts the behaviors of macroscopic objects with great accuracy, as long as their 
speeds are non-relativistic.  For his theory to work Newton had to assume, against his own 
judgment and instincts, that gravity is instantaneous, or in other words that the speed of gravity is 
infinite.  Newton was also quite uncomfortable with the notion implied by his equations that 
gravity is an “action at a distance,” without direct contact between the bodies involved.  

While no mathematical model can exactly reproduce an actual physical system, the 
Newtonian theory remained virtually unchallenged for over 200 years.  That is, until Albert 
Einstein introduced his revolutionary special theory of relativity, which provided a more accurate 
model in the case of object velocities that approach the speed of light, and his new gravitational 
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theory, the general theory of relativity, which resolved a number of shortcomings within 
Newton’s theory of gravitation. Special relativity, and to a larger extent general relativity, 
significantly increased the mathematical complexity of both mechanical dynamics and 
gravitation, resulting in a set of non-linear equations that often require resolution via computer-
based simulations.  However, both theories are complete and self-consistent theories based on 
strikingly simple postulates.  Special relativity relies on the principle of relativity and also 
postulates that the speed of light is the same in all inertial frames.  General relativity relies on the 
principles of special relativity and on the equivalence principle.3  Both theories converge to the 
Newtonian gravitational model in the limiting case of slow velocities (in the case of special 
relativity) or weak gravitational fields (in the case of general relativity), where their equations 
approach Newton’s equations.  Due to the minimalistic nature of their assumptions, special 
relativity and general relativity can be considered to comply with the spirit of Occam’s Razor, 
regardless of their substantial computational complexities.  However, the simplicity of Newton’s 
model, and the fact that the majority of known systems are non-relativistic, make it the preferred 
choice for most applications.  Therefore, in spite of the somewhat reduced accuracy of the 
Newtonian model relative to general relativity or special relativity, it is still the most frequently 
used model in earthbound engineering applications, as well as in most areas of space exploration. 

As our domain of observation has broadened considerably in the recent century, studies 
have begun to show significant inconsistencies between observations and the predictions of both, 
Newton’s theory and general relativity.  Some of the new discoveries were attributed to non-
gravitational phenomena, as in the case of the strong interaction between nucleons, which was 
classified as an entirely new force unrelated to gravitation and became part of the standard 
model.  Other inconsistencies clearly related to gravitation were reconciled by modification of 
the gravitational model of the Universe in an iterative process, resulting in a significant increase 
in the complexity of the overall gravitational model.  Ideally, every iteration step should have 
been tested to uphold the following criteria: 

 
 1.  Can the modified model explain, quantify and be consistent with all prior known 

phenomena, as well as the new discoveries? 
 2. Is the modified model still the simplest one available? Or alternatively, can it be 

replaced by an equally successful, yet substantially simpler model? 
 
The risk in the failure to uphold the second criterion is that even a flawed model that 

agrees with all prior known phenomena can be modified to agree with new contradicting data by 
simply increasing the number of independent variables used, thus creating a more complex and 
still flawed model.  The best way to eliminate flawed models, but by no account the easiest route 
to take, is by searching and testing for simpler alternative models. 

The current astronomical model of the universe, which describes the motion of a system 
of gravitating bodies, is based on the general theory of relativity (and therefore indirectly on the 

                                                 
3 The equivalence principle will be discussed later in this chapter.  
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less complete Newtonian theory).  The amount of visible matter observed in galaxies and 
galactic clusters is insufficient to explain the motion of stars in galaxies, or the motion of 
galaxies within clusters.  We can therefore conclude that either the current understanding of 
gravitation is incorrect, or additional non-visible matter must exist.  At present, most 
astrophysicists prefer the latter explanation, and consequently a new variable of dark matter has 
been added to the current paradigm.  The addition of the dark matter concept made possible the 
formation of a plausible model that is consistent with observations without shaking the 
theoretical foundation of the established gravitational model.  Since undetected, dark matter is 
believed to consist of non-baryonic matter and to interact through the gravitational force. To fit 
observations, dark matter must account for about 90% of the average galaxy mass, and 
furthermore must dominate the mass of the galaxy up to several hundred kiloparsecs from its 
center.  However, no trace of dark matter has ever been observed directly and no effects of such 
matter can be measured within our own Solar System.  The complexity of the dark matter model, 
and the lack of direct observational evidence, should raise the question of whether modification 
of the cosmological model with the inclusion of dark matter still provides the simplest possible 
model to explain the observed properties of galaxies as well as stellar and galactic motions, or 
whether a simpler model exists. 

Additional variables have been incorporated into the current accepted cosmological 
model in a series of iterations geared to resolve paradoxes related mainly to the Big Bang theory.  
The added variables include the assumption of the existence of dark energy, which together with 
dark matter brings the total amount of non-visible and undetected matter in the universe to as 
large as 96%, as well as a theory of inflation, which indicates that at some initial period of time, 
space expanded at a rate much higher than the speed of light.  

Newton never published the reasoning that guided him to his equation of universal 
gravitation, and we can only speculate the process by which he arrived at this final form, 
however, history provides us with a clear sense of the information available to Newton at the 
time.  On no account could he have known about the phenomenon of constant rotation curves in 
spiral galaxies, where stars travel around the galactic center with roughly constant rotational 
speed, rather than at a speed decreasing inversely to the square root of the star’s radius of orbit.  
While Galileo had observed a system of rings around Saturn prior to Newton’s work, its 
characteristics were not yet understood. The difficulties of fully explaining planetary rings within 
the Newtonian theory have since proved to be formidable, as attested by the fact that almost 400 
years later we are still very far from understanding the root of their existence.  Newton did not 
have access to deep inelastic scattering experiments that have since brought to light the behavior 
of particles on a subatomic scale and could not have known about the existence of the short-
range strong forces between nucleons within the nucleus. Such forces were later observed to be 
strong enough to overcome the Coulomb rejection force between protons, and therefore must be 
greater than 10ଷ଺ times the strength of the gravitational force predicted by Newton’s formula, at 
nuclear distances of the order of 0.65 כ 10ିଵହ ݉.  Although the strong force is considered as a 
separate force, entirely distinct from gravitation, it appears to share some of gravitation’s 
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essential defining qualities.  Similar to the gravitational force, for instance, the subatomic force 
appears to be (at least approximately) a central force between a pair of point-like particles with 
strong dependency on the respective masses of the interacting particles.4  An interesting yet 
speculative question is whether Newton would have attempted to integrate the additional 
observed phenomena into his theory of gravitation had the above information been available to 
him? We can only suppose Newton’s course of action, but the question that should be addressed 
and may be contemplated is whether such phenomena, from long-range force interactions to 
force interactions on a nuclear level, can be explained by a single equation that provides a 
simpler and more accurate model than the current paradigm. 

In fact, there is a whole family of equations that, given the limited observation 
technology available to Newton and for about 230 years thereafter, would have provided 
virtually indistinguishable results and predictions from those developed by Newton at the 
measured distance ranges available at the time. However, on extremely small scales, and in some 
cases on galactic or cosmic scale distances, the predictions formulated by these equations may 
differ from each other, and from the predictions of the Newtonian equation.  These distinctions 
could not have been addressed during Newton’s time and would have been irrelevant to his 
reasoning, since the alternative equations are slightly more complex and would have been 
discounted in accordance with Occam’s Razor. 

If a simpler model does exist, it is likely to be based on a modified gravitational equation.  
To explore this notion, let us first analyze some simple alternative equations for the gravitational 
potential energy, starting with the exponential energy equation,  
Equation 1-3 

ܸ ൌ െ ீ௠ெ
௔

൫݁௔/௥ െ 1൯ ՜ െீ௠ெ
௥

 as ݎ ՜ ∞    
 

Note that ܽ is a constant with a dimension of distance.  For reasons that will become apparent in 
the next chapter, a good choice for ܽ could be in the vicinity of  ܽ ൌ 5.7 כ 10ିଵସ ݉.  This will 
result in the following force equation: 
Equation 1-4    

Ԧܨ ൌ ሬሬԦܸ׏ ൌ డ௏
డ௥
ݎ̂ ൌ ீ௠ெ

௥మ
݁௔/௥̂ݎ ՜ ீ௠ெ

௥మ
ݎ as  ݎ̂ ՜ ∞      

   
 The choice made in equation 1-3 may seem odd and non-intuitive. However, equation 1-

3 is practically indistinguishable from Newton’s equation of potential energy (1-2) at the 
distance range of ݎ ب ܽ.  Similarly, at these distances, the results of equation 1-4 cannot be 
distinguished from those of Newton’s equation of force (1-1).  Although the force in equation 1-
4 is exponential, rather than proportional to ଵ

௥మ
, the difference between the force calculated via 

equation 1-4 and the Newtonian force calculated via equation 1-1 merely amounts to about 0.1% 
at a distance of ݎ ൌ 5.3 כ 10ିଵଵ ݉, which is the Bohr radius, or roughly the radius of the 
                                                 
4  To be further discussed in Chapter II. 
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hydrogen atom.  At a distance of 10ିଽ ݉ the difference reduces to about 0.0057%, and at 
distances above one micrometer (10ି଺ ݉), there is virtually no difference between the two 
calculated forces.  In other words, if Newton had used the slightly more complex equation 1-4 
(or 1-3) rather than equation 1-1 (or 1-2), he would have obtained the exact same results.  
Nevertheless, had the thought of using an exponential function occurred to Newton, the inability 
at the time to experimentally differentiate between the two sets of equations would have most 
likely steered him toward the simpler equation 1-1, in accordance with Occam’s Razor.  While 
equations 1-3 and 1-4 are also quite simple, they contain an additional universal constant ܽ and 
require the calculation of an exponential function, which was not an easy task in the pre-
calculator era of the 17th century.  

 Today data is available on interactions at distances at which the predictions of Newton’s 
equations of force and potential energy differ from those of equations 1-4 and 1-3, and the results 
of the two sets of equations are no longer identical within all measurement ranges.  Had Newton 
selected equation 1-3 (or  1-4) as his law of gravitation, then three centuries later the discovery of 
a strong nuclear force may have possibly been perceived as an additional triumph for the theory 
of gravitation.  After all, the newly discovered strong force was found to be approximately a 
central force5 between a pair of particles that is mainly dependent on the particle masses, and to 
demonstrate explosive growth at the distances ݎ ൏ 10ିଵହ ݉, just as predicted by equations 1-3 
and 1-4 due to the explosive growth of the exponential term ݁௔/௥ at distances ݎ د ܽ. 

The finding that a single mathematical equation may display behaviors that resemble at 
least some key characteristics of the strong force at extremely short distance ranges, while 
converging with Newton’s gravitational equation at larger distances, does not necessarily imply 
that the two forces are one and the same.  However, such a theory does not appear to have ever 
been considered.  Instead, the strong force became a part of an extensive new theory called the 
standard model.6  Based on Newton’s law of gravitation, the standard model was developed with 
the underlying assumption that the gravitational force is negligible at atomic and sub-atomic 
distances.  

Exponential equations such as 1-3 or 1-4 are not the only possible alternatives to 
Newton’s gravitational equations 1-1 and 1-2.  Of interest are also equations of the type  
Equation 1-5 

ଶܸ ൌ െ ீ௠ெ
஻ሺ௠,ெሻ

݊݅ݏ ቀ஻ሺ௠,ெሻ
௥

ቁ ՜ െீ௠ெ
௥

 as ௥
஻ሺ௠,ெሻ

՜ ∞ 

 
and 
 
 

                                                 
5 As matter of fact, the strong force was shown to deviate slightly from being a central force.  This will be explained to be a 
relativistic effect, similar to the one that makes central Coulomb force appear as a non-central magnetic force when viewed from 
an inertial frame moving at high velocity relative to the charges.  
6 Interestingly, one of the declared goals of the standard model is to eventually unify the four fundamental forces of nature; the 
electromagnetic force, the strong interaction, the weak interaction and the gravitational force. 
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Equation 1-6 

Ԧଶܨ ൌ ሬሬԦ׏ ଶܸ ൌ
ீ௠ெ
௥మ

ݏ݋ܿ ቀ஻ሺ௠,ெሻ
௥

ቁ ݎ̂ ՜ ீ௠ெ
௥మ

as   ௥   ݎ̂
஻ሺ௠,ெሻ

՜ ∞   

 
where ܤሺ݉,ܯሻ is either a constant or a function of the particle masses.  Equations 1-5 and 1-6 
provide a perfect Newtonian attractive force at distances ݎ ب  ሻ, where they becomeܯ,ሺ݉ܤ
virtually indistinguishable from the Newtonian equations.  At shorter distances of ݎ د  ,ሻܯ,ሺ݉ܤ
the potential energy ଶܸ  begins to oscillate between a series of constant maxima and minima 
( ீ௠ெ
஻ሺ௠,ெሻ

 and െ ீ௠ெ
஻ሺ௠,ெሻ

 respectively), at which point the force can also become repulsive.  The 

cyclical nature of these equations may be functional in addressing the cause of the ring and spiral 
structures demonstrated in galaxies and planets, as well as for the shell structure and resonances 
of the atom’s nucleus.  However, in this form, these equations are unlikely to be consistent with 
the strong force, since it is not possible to find a function ܤሺ݉,ܯሻ  that can simultaneously 
provide the high amplitude required at short distance ranges and the abrupt and explosive growth 
of the force at the distance range of ݎ د 10ିଵହ ݉. 
 As it turns out, neither equation 1-3 nor equation 1-5 can reproduce and explain the entire 
range of observational data.  However, merging these two concepts will be shown to provide a 
simpler and more accurate theory than the current paradigm, with the ability to explain a large 
number of yet unexplained phenomena. 

The hypothesis presented here, entitled the theory of unified gravitation (UG), holds that 
the nuclear strong interaction and gravitation are actually one and the same force, viewed at 
different distance scales. This force is predominantly a central force between a pair of 
fundamental particles,7 and can be derived from a central potential given by  
Equation 1-7 

௚ܸ  ൌ െ ீ௠ெ
௔
 ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ െ 1ቁ    

 
The equation uses the gravitational constant ܩ, as well as two additional universal constants, 
ܽ and ܾ. Variables ܯ and ݉ represent the respective masses of two particles, and ݎ is the 
distance between the pair of particles. 

When applied to objects consisting exclusively of ordinary particles at distances 
significantly larger than 10 micrometers, the UG force equations developed in the first two 
chapters will be shown to yield results indistinguishable from those derived by Newtonian 
calculations within the experimental level of reliability.8  However, when applied to much 
heavier particles, the results obtained by the UG and Newtonian equations may diverge at much 
larger distance ranges, and the UG potential and its derived force are able to elucidate many thus 
far unexplained observations in the cosmic, galactic, planetary and nuclear realms.  The ability of 

                                                 
7 Fundamental particles include any barion, mason or lepton, while ordinary matter refers to any matter constructed exclusively 
from protons, neutrons and/or electrons. 
8 The experimental margin of error is derived from the published variability of the gravitational constant ܩ. 
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larger particles to form is demonstrated by high-energy collisions between electrons and 
positrons, which have been shown to produce particles that are more than 350,000 times their 
mass. Therefore, a secondary, but essential assumption of the UG theory holds that the high 
pressure and temperature conditions at the cores of large satellites, planets, stars, and galaxies 
provide the energy and means necessary to produce superheavy particles (SHPs) and to prevent 
their decay.  

The present book is intended to introduce the theory of Unified Gravitation (UG).  It 
would be unreasonable to expect that the capability of any new theory to provide better 
agreement in one particular area is sufficient to challenge a well-established fundamental theory 
that for centuries provided a clear picture of the known universe.  Therefore, the UG theory must 
be applied successfully to the analysis of a wide range of phenomena in multiple areas of 
physics.  The purpose of this book, therefore, is to demonstrate sufficient evidence of the 
viability and the advantages of unified gravitation, in order to challenge and motivate the physics 
community toward further testing. 

The first three chapters are dedicated to developing the UG postulates and gravitational 
equations. The theory will subsequently be applied on solar, galactic and cosmological scales to 
explain a broad selection of observed phenomena.  In the fourth and fifth chapters, a simple UG-
based model will be demonstrated to provide for a number of the observed morphologies of 
astronomical systems.  In Chapter IV, a simple model will be employed to reproduce a variety of 
complex morphologies observed in planetary nebulae and galaxies, from bipolar structures in 
figure 4-4 to ring structures in figure 4-5, to simple spiral structures in figure 4-8 to flocculent 
spirals in figure 4-9.9 
Figure 4-4d            Figure 4-4e 

         
Figures 4-4d and 4-4e: A comparison between a bipolar structure calculated by the UG equations (figure 4-4d) and MyCn 18, 
the hourglass nebula (figure 4-4e).  Image credit for figure 4-4e: R. Sahai and J. Trauger, Photo AURA/STScl/NASA/JPL 
(NASA photo # STScl-PRC96-07) http://apod.nasa.gov/apod/ap020615.html. 
 

                                                 
9 Note that the figures are numbered according to their numbering in the chapters in which they are presented. 

 ܿ݌݇

ܿ݌݇
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Figure 4-5a          Figure 4-5b         Figure 4-5c 

    
Figure 4-5a: A UG calculated image of a ring morphology (on the left), compared with Hoag’s object and the planetary nebula 
Abell 39. 
Figure 4-5b: Hoag’s Object, image credit: NASA and the Hubble Heritage Team (STScI/AURA) Acknowledgment: R. 
Lucas(STScI/AURA)  http://www.nasaimages.org/luna/servlet/detail/NVA2~4~4~4753~105279:Hoag-s-Object--A-Strange-
Ring-Galaxy. 
Figure 4-5c: The Planetary Nebula Abell 39, WIYN Observatory’s 3.5-m (138-inch) telescope at Kitt Peak National 
Observatory, Tucson, AZ.  Image credit: “NOAO/AURA/NSF.” 
 
Figure 4-8e Figure 4-8f  

     
Figure 4-8e: A modeled galaxy compared with the observed spiral galaxy M81 (figure 4-8f). 
Figure 4-8f: M81 image credit: NASA’s Spitzer and Hubble space telescopes and NASA’s Galaxy Evolution (NASA/JPL-
Caltech/ESA /Harvard-Smithsonian CfA), http://www.nasa.gov/mission_pages/spitzer/multimedia/spitzer-20070604.html. 
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Figure 4-8i: NGC 4622 observed                  Figure 4-8j: Calculated                

        
Figure 4-8i: NGC 4622, image credit: G. Byrd, R. Buta, (Univ.Alabama, Tuscaloosa), T. Freeman (Bevill State College), NASA 
http://apod.nasa.gov/apod/ap040221.html. 
Figure 4-8j: A modeled spiral galaxy compared with the observed galaxy NGC 4622 (figure 4-8i), which displays both trailing 
and leading spiral arms.  
 
 
Figure 4-9a: Calculated   Figure 4-9b        

   
Figure 4-9a: A modeled spiral galaxy compared with the observed galaxy NGC 488 (figure 4-9b), demonstrating a flocculent 
structure. 
Figure 4-9b: NGC 488, image credit: Johan Knapen and Nik Szymanek, Isaac Newton group of telescopes; 
http://images.google.co.uk/imgres?imgurl=http://www.ing.iac.es/PR/newsletter/news6/johan4.jpg&imgrefurl=http://www.ing.iac
.es/PR/science/ngc488.html&usg=__wsWG6nhi5biMN2pbNEcaq-
cdASU=&h=1143&w=1000&sz=110&hl=en&start=6&um=1&tbnid=tOUlfhc2uTM-
nM:&tbnh=150&tbnw=131&prev=/images%3Fq%3DNGC%2B488%2Bpicture%26hl%3Den%26sa%3DX%26um%3D1.      
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Figure 4-7c: An infrared view of the Andromeda Galaxy taken by NASA’s Spitzer Space Telescope.  Image credit: NASA/JPL-
Caltech/K. Gordon (University of Arizona), http://www.spitzer.caltech.edu/Media/releases/ssc2005-20/ssc2005-20a.shtml. 
 
  

          
Figure 4-7d: A UG calculated image of the Andromeda Galaxy. 
   

           
Figure 4-7e: Calculated          Figure 4-7f: Observed  
 
In figures 4-7d and e, a UG modeled galaxy is demonstrated to bear a resemblance to the general morphology and properties of 
the Andromeda galaxy.  Note that the rotating distorted hourglass structure at the center of the calculated galaxy (figure 4-7e) 
bears a resemblance to the general structure of Andromeda’s nucleus (figure 4-7f), additionally accounting for the two short 
spirals observed to extend from the nucleus and for the ansae reported by Beaton et al. in 2005 (Beaton et al., 2005). 
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Figure 4-12a: Calculated        Figure 4-12b: Observed Galaxy ESO 350-40 

       
Figure 4-12a: Depicts an image of the effect of a companion galaxy on a modeled galaxy, compared with the observed cartwheel 
galaxy ESO 350-40 (figure 4-12b).  Note that both galaxies demonstrate clumps of star formation.     
Figure 4-12b: The Cartwheel Galaxy, ESO 350-40.  Image credit: NASA, ESA, and K. Borne (STScI), 
http://hubblesite.org/gallery/album/pr2007017d. 
 

In Chapter V, the UG theory is applied to model the general structure of Saturn’s main 
body of rings. Saturn’s ring system was first observed by Galileo nearly 400 years ago, 77 years 
prior to Newton’s discovery of the gravitational force.  Despite the extensive study of planetary 
rings, the origin and many of the properties of Saturn’s complex ring system remain a mystery.    
Figure 5-1 provides a comparison between a UG calculated model and a computer-generated 
image of Saturn’s ring system using RSS 3-wavelength occultation data.  

 

 

               Figure 5-1a: Credit: NASA/JPL 

  Figure 5-1b: UG Calculated 
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A detailed, high resolution image of Saturn’s D ring is displayed in Figure 5-2.  Figure 5-7a 
displays a detail of Saturn’s A ring interior to the Encke Gap taken by the Cassini ISS 
instrument.  On the right the image reveals spiral bending waves, where the wavelength 
decreases inwards, and on the left a succession of spiral density waves, where the wavelength 
decreases outwards.  The same structure is revealed in the calculated image 5-7c.  
 
Figure 5-2a: Saturn’s D ring             Figure 5-2c: UG Calculated D ring           

    
Figure 5-2a: Saturn’s D ring, NASA/JPL/Space Science Institute, http://photojournal.jpl.nasa.gov/catalog/?IDNumber=PIA08990. 
Figure 5-2c: A comparison between a calculated image of Saturn’s D ring (figure 5-2c) and the observed D ring (figure 5-2a). 
 
Figure 5-7a: Saturn’s A ring interior to the Encke Gap               Figure 5-7c: UG Calculated A ring section 

        
Figure 5-7a: Saturn’s A ring interior to the Encke Gap. Image credit: NASA/JPL/Space Science Institute; 
http://photojournal.jpl.nasa.gov/catalogue/PIA06093. 
 

Building on the same equations, the UG theory will be applied in Chapter VI to explain 
galactic dynamics. The unified gravitational equations will be shown to provide for the constant 
velocity curve observed in spiral galaxies, as well as for high stellar velocities, without relying 
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on the auxiliary hypothesis of dark matter. The chapter will additionally discuss the origin of 
galactic wind and the mechanism underlying star formation and fragmentation.  

Chapter VII will discuss the implications of unified gravitation on general relativity and 
on the current cosmological model.  In addition, the formation of galactic voids, the triggering 
mechanism and the driving forces behind the massive outflow of gas and matter observed during 
novae or supernovae, the clustering of nearby galaxies, and the effective repulsion between 
distant galaxies will be addressed.  Finally, the theory of unified gravitation will be demonstrated 
to provide an explanation for the observed expansion of the universe while avoiding the 
dilemmas that led to the adaptation of inflation theory and to the assumptions of dark matter and 
dark energy, thus providing a significantly simpler model.       

Additional applications of the UG equation will be discussed in the following chapters. 
Chapter VIII is concerned with the processes of ionization and their sources of energy.  Chapter 
IX will discuss the structure and composition of planets and the mechanisms that determine 
whether a given planet will develop into a terrestrial or gas planet, and whether or not a given 
planet will demonstrate a ring system. The chapter will additionally propose a possible 
explanation for the generation of planetary magnetic fields.  In Chapter X the question of galactic 
redshift periodicity will be contemplated. 

As the fundamental premise of the UG theory is the unification of gravitation and the 
strong interaction, the final chapter will demonstrate the applicability of the unified gravitational 
equations on nuclear scales, where the UG theory will be demonstrated to account for the 
observed weak fall-off of the deep inelastic scattering cross section, and to provide a scaling 
behavior similar to Bjorken scaling. 

 
Not all is well with gravitation; Or: Why look for an alternative theory? 

 
Since their development, Newton’s gravitational theory and the general theory of 

relativity have served as the foundation for our understanding of the construction and dynamics 
of the universe.  In the recent century, however, a growing body of experimental observations 
has demonstrated inconsistencies within both theories.  The following is a brief review of the 
problems pertaining to the scope of the UG theory. 

 
1. The problem of “missing mass” in galaxies and galactic clusters 

 
As early as 1933, Fritz Zwicky (Zwicky, 1933) concluded that the calculated gravitational 

force of the visible galaxies in the Coma Cluster is far too small to account for the observed high 
speed stellar orbits.  Later studies of the rotation curves of spiral galaxies (Rubin et al., 1970; 1980) 
reported that contrary to the prediction of Keplerian dynamics, most stars rotate around the 
galaxy center at a roughly constant or slightly increasing speed, rather than at a speed decreasing 
inversely to the square root of the star’s radius of orbit. These disparities led to the conclusion 
that the amount of visible matter in galaxies is insufficient to explain the observed motion of 
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their stars, or the motion of galaxies within clusters. Further investigation confirmed these 
findings, leading to two possibilities; either the current understanding of gravitation is incorrect, 
or additional non-visible matter must exist and account for about 90% of the galactic mass.  At 
present, astrophysicists tend to prefer the second explanation, that additional matter explains the 
observed motion of galaxies within the existing theory. Consequently, a new variable of dark 
matter has been introduced to the current paradigm.  

 
2. Problems with Big Bang cosmology 
 

Hubble’s discovery that the universe is not static, but expanding, and the earlier 
introduction of the general theory of relativity, led to the development of the Big Bang 
cosmological model, which attributes the beginning of our universe to an explosion from a very 
dense point singularity at about 14.5 billion years ago.  The consensus in the physics community 
accepts the Big Bang as the most reasonable theory for the origin and evolution of the universe.  
Nevertheless, throughout its development the Big Bang model encountered significant problems; 
notably, the flatness problem, the horizon problem, as well as problems of age, structure and 
isotropy.  

According to the Freidman-Lemaitre-Robertson-Walker metric, the curvature of the 
universe depends on its energy density. The flatness problem arises from the fact that even an 
extremely small departure of one part in 10଺଴ of the energy density from the critical density 
would have caused the universe to either collapse in a big crunch at an earlier stage, or to expand 
too fast for any substantial structure to form.  In either case, the current universe would have 
developed in an entirely different form than observed. Furthermore, the age of the universe 
estimated from its current size and rate of expansion has posed a dilemma, as certain globular 
clusters studied in the mid-1990s appeared to be older than the time passed since the Big Bang 
according to these calculations.10  The finite age of the universe and the finite speed of light 
place a limit on the maximum distance that light could have traveled since the Big Bang.  Given 
that matter in the universe must travel at a velocity lower than the speed of light, it is impossible 
for regions separated by greater than this maximum distance to have ever interacted.  The 
horizon problem results from the observation that all regions of the universe, including regions 
separated by greater than this maximum distance, have the same temperature and share the same 
physical properties, pointing to past interactions at an equilibrium or steady state.  

The horizon and the flatness problems were resolved by the introduction of Guth’s 
inflation theory, postulating an initial phase of rapid exponential expansion, at which space itself 
(rather than matter) expanded at a rate much higher than the speed of light (Guth, 1981).  
Nevertheless, the visible density of matter in the universe amounts to only about 3% to 4% of the 
critical density of its mass and energy.  The inclusion of dark matter provides for only about 26% 
of this critical density.  Furthermore, counter to Newton’s theory, the expansion of the universe 

                                                 
10 Note that the age problem is largely believed to have been resolved in the late 1990s when computer simulations reduced the 
estimated age of the globular clusters  (Navabi & Riazi, 2003). 
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has been found to accelerate, rather than to decelerate.  Resolving these issues without 
modification of the current paradigm requires the addition of a repulsive element to Einstein’s 
field equations, as well as accounting for the missing 74% of mass or energy.  This has led to the 
reintroduction of the cosmological constant, and to the concept of dark energy, which together 
with dark matter brings the total amount of non-visible and undetected matter in the universe to 
about 96% of the overall mass and energy of the universe.  To date, neither dark matter nor dark 
energy has ever been directly observed. 

In addition, a structure problem arises from the question of how a universe that began in 
equilibrium, in a perfectly homogenous state, could have exploded into an inhomogeneous 
universe.  At the same time, the observed inhomogeneous structure of the universe conflicts with 
the Big Bang theory’s reliance on the cosmological principle,11 which requires that the universe 
be homogeneous and isotropic on a large scale.  Redshift surveys of the night sky, however, 
provide convincing evidence that the universe is not perfectly homogeneous, as the observed 
patterns of galaxies reveal that they are clearly not distributed randomly across the sky. 
Observations additionally reveal the existence of immense voids, or vacant regions of loosely 
spherical structure measuring up to 140 megaparsecs across (Rudnick et al., 2007).  Deviations from 
homogeneity are currently explained by the Big Bang model (and by inflation theory) to result 
from a quantum effect in the early universe, where Heisenberg’s uncertainty principle guaranteed 
density fluctuations.  These density fluctuations were then “frozen” as inflation expanded the 
universe at an exponential rate far too rapid for the particles to interact. Voids of this magnitude, 
as well as the discovery of large walls of galaxies, challenge the Big Bang cosmological model, 
as they are observed to exceed the scales predicted by the quantum effect and inflation. 
 
3. Problems of infinities and singularities 

 
The equations of quantum mechanics and general relativity often encounter predictions of 

physical values becoming infinite.  In quantum theory, infinities appear whenever one attempts 
to use quantum mechanics to describe fields, such as electromagnetic fields.  Some of these 
difficulties were averted by the introduction of renormalization techniques.  Once regarded as 
controversial, renormalization is carried out by using rationalized procedures to scale out 
equation terms that diverge to infinity, while finite terms are kept as valid.  However, 
renormalization breaks down when applied to gravitation; and consequently, to date, all efforts to 
consolidate general relativity with quantum mechanics have proven unsuccessful.  Furthermore, 

                                                 
11 The cosmological principle states that on large distance scales the distribution of matter in the universe is homogenous. 
According to the cosmological principle, the density of matter, when averaged over a sufficiently large volume of space, has the 
same value anywhere at the present time.  This principle is known not to hold on small scales, where matter tends to cluster.  The 
transition to homogeneity is currently believed to occur on scales between 100 and 1000 ܿ݌ܯ (which is large in comparison to 
the size of galactic clusters and small relative to the size of the visible universe).  The cosmological principle can be derived from 
the Copernican principle, which holds that our own planet does not inhabit a special location in the universe, meaning that the 
laws of physics on Earth are the same and can be applied everywhere in the universe.  Observations reveal that the distribution of 
galaxies, as viewed from Earth, is isotropic on large angular scales.  As the Copernican principal requires that the distribution of 
galaxies appear to be isotropic when viewed from all locations of the universe, it follows that the special distribution of matter on 
large scales must be homogeneous. 



 

18 
 

the equations of general relativity lead to singularities, such as black holes. Singularities have 
resulted in inconsistencies which stem from the inability of current physics to deal with infinite 
density and infinite temperature.  In addition, as the Big Bang theory postulates that the universe 
began at a point singularity, the structure of the observed universe requires matter and radiation 
to have escaped from the singularity, a process that is prohibited by general relativity.  These 
inconsistencies were simply sidestepped by the assumption that our current physics is invalid at 
sub-Planck distances, and that further explanation would require a new and yet undiscovered 
quantum theory of gravitation. 
 
4. The problem of accurately calculating the value of Newton’s gravitational constant ࡳ 
 

Physics has encountered a long-standing dilemma in determining the value of the 
gravitational constant ܩ. Whereas all other fundamental constants in physics are known to parts 
per billion, or parts per million at worst, the gravitational constant ܩ stands alone with a 
measurement reliability of only about one part in 7000 (Gillies, 1997).   Numerous attempts to 
improve the precision of the value of ܩ over the last 200 years have resulted in marginal 
improvements at best, in spite of vast improvement in technology.  Inconsistencies in the 
measured value of ܩ have been proven to occur within distance ranges starting as small as 
several micrometers up to cosmic scale.  The reason underlying these inconsistencies has not yet 
been determined. When an equation in science accurately describes an observed phenomenon, 
the values of its constant(s) can be determined with a high level of accuracy.  However, the 
constants of an equation that only approximates a given phenomenon must vary somewhat with 
the range of its variables. Therefore, the inability to establish the value of ܩ may suggest a 
deviation between Newton’s gravitational equation and the actual law of gravitation.   
 
5. The increasing number of unexplained phenomena and the increased complexity of the 

cosmological model 
 
The effort of consolidating major discrepancies within Newton’s theory, general 

relativity and the standard model has resulted in a substantial increase in the number of 
independent parameters and constants.12  Although much theoretical progress has been made, 
many open questions remain to this date. The fifth problem is a growing list of observed 
phenomena that cannot be explained by a cohesive gravitational theory.  Rather, the following 
phenomena either require auxiliary hypotheses to comply with current theory, or remain 
unaccounted for.  In the realm of galaxies, the ability of current theory to explain galactic 
structure and dynamics is limited.  Images emerging from the Hubble space telescope reveal 

                                                 
12 This list of parameters/auxiliary hypotheses includes dark matter, dark energy and inflation, while the list of constants includes 
the cosmological constant as well as about twenty adjustable constants within the framework of the standard model.  For the most 
part, this list contains many freely adjustable constants that can have almost any value from theoretical point of view, as their 
values can only be determined experimentally.  Lee Smolin has stated, “If you think of the standard model as a calculator, then 
the constants will be dials that can be set to whatever positions you like each time the program is run” (Smolin,  2006).    
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large-scale astronomical objects such as galaxies and nebulae with complex and varied 
morphologies, from various types of spiral and lenticular structures to elliptical, ring and 
irregular structures.  While different mechanisms have been proposed to influence certain 
galactic properties, the mechanisms underlying their diverse morphologies are not yet well-
understood.  For example, the nature of density waves, which are theorized to drive spiral 
morphology in galaxies, is not yet well-understood.  Furthermore, it is not clear what determines 
whether a spiral galaxy is normal or barred, or why star formation in barred spirals is 
concentrated mainly at the ends of the bar.  There are also questions as to what drives the 
fragmentation of stars within galaxies, what activates the sudden expansion of gas observed in 
novae and supernovae, as well as the physical mechanisms underlying the creation of galactic 
and stellar wind and the magnetic fields of galaxies.   
Inconsistencies between theory and observation are not limited to galactic or cosmic scales.  In 
the Solar System, Newton’s laws of motion, together with his law of gravitation, have been 
experimentally verified to provide excellent agreement with the observed trajectories and orbital 
periods of planets, and most of the trajectories and orbital periods of satellites.13 Nevertheless, 
Newtonian-based theories have had only limited success in explaining the origin and structure of 
planetary ring systems. Whereas some of the observed characteristics of individual rings and 
gaps can be accounted for by orbital resonances, or by other mechanisms such as shepherd 
satellites, embedded moons or Lorentz resonances, the vastness of these ring systems and a 
significant portion of their properties remain unexplained.  Furthermore, although gravitation is 
the dominant force on solar scale, a number of phenomena within our Solar System remain 
unaccounted for. Current gravitational theories do not explain planetary composition; in 
particular, we do not know why the outer planets Jupiter, Saturn, Uranus and Neptune are 
composed of gas, or why, in contrast to the inner terrestrial planets, gas planets display extensive 
ring systems and a large number of satellites. There are additional unanswered questions as to 
what are the mechanisms underlying the formation of the Asteroid belt, the Kuiper belt and the 
Kuiper cliff within our Solar System?  What mechanism is responsible for the generation of 
planetary magnetic fields?14  What causes the solar corona?  What causes the flyby anomaly, 
where an unexpected and unexplained energy increase is observed during Earth flybys of a 
spacecraft?  Recently, the current locations of Pioneer 10 and Pioneer 11 were reported to 
deviate by about 5,000 ݇݉ from their expected trajectories. If no observational errors are found, 
the Pioneer anomaly might require modification of current theory. 
 
This partial list of problems and inconsistencies between observations and the predictions of the 
current paradigm, as well as the vastly increased complexity of the cosmological model, raise 
serious questions as to whether the actual law of gravitation differs from the gravitational force 
described by Newton’s theory or by general relativity.  

                                                 
13 The largest exception is the precession of the perihelion of Mercury’s orbit, where Newton’s solution deviated from the 
observed orbit and required a correction provided by Einstein’s general relativity.   
14 It is currently believed that the magnetic field of Earth is generated by electrical currents within its liquid core.  However, if so, 
it is unclear what causes these currents.  
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Chapter I: The Theory of Unified Gravitation  
The Unification of the Strong Interaction and the Gravitational Force 
   

The theory of unified gravitation is based on the assumption that the nuclear strong 
interaction and gravitation are one and the same force, viewed at different distance scales, and 
that a single equation can describe both interactions on nuclear as well as on cosmological scales. 
In particular, it is assumed that similar to Newton’s theory of gravitation, the unified 
gravitational force is predominantly a central and conserving force between a pair of particles.  
At large distances, the UG force equation should asymptotically approach Newton’s classical 
force equation, when applied to ordinary matter composed of protons, neutrons and electrons, 
and should fully comply with all experimental measurements of gravitation that are currently 
available.  In addition, the UG force must comply with the behavior of the nuclear forces 
between nucleons, which have been observed to be substantially stronger than the Coulomb 
interaction at below sub-Fermi distances. Accordingly, the UG force must produce an explosive 
growth at distances below 1 ݂݉,15 and is thus assumed to demonstrate exponential behavior. At 
a microscopic distance range of approximately ݎ ൐ 1.5 ݂݉, the UG force between two protons 
must be negligible in comparison to the Coulomb force.  It is further assumed that the force is 
independent of velocity and spin, as their effects are either relatively small, or are part of the 
electromagnetic forces.  However, it should be noted that as energy and force equations are not 
invariant under the Lorenz transformations, the force may not be central and may become 
dependent on particle velocity when the particles move at relativistic velocities. The UG theory 
must also be capable of explaining the observed nuclear resonance patterns, as well as planetary 
(and galactic) ring patterns, which consist of thousands of ringlets (oscillation patterns). The 
large area occupied by planetary and galactic rings rules out quantum mechanics as the cause of 
the oscillations, thus indicating that the UG potential must be driven by a periodic function.  As 
most gravitational systems do not demonstrate cyclical behavior, the oscillating term must be 
suppressed under ordinary conditions.   

Newton never published the reasoning that guided him to his gravitational force equation 
and never attempted to prove the equation on a theoretical basis.  This is quite understandable, 
given that fundamental principles cannot be proven to be correct and may be regarded as valid 
only as long as they are not rendered false by experimental results.  The basic UG equation 1-7 
has the same limitation and cannot be proven correct.  The equation will simply be required to 
survive a continuous inflow of experimental data that may either confirm or refute its accuracy. 
In the case that it is proven to be incorrect, the equation should either be adjusted or its 
theoretical foundation discarded.  The logic underlying equation 1-7 is laid out in the following 
section of this chapter, where it will be shown that mathematically a family of very similar 
equations may be compatible with the aforementioned requirements.  Equation 1-7 has been 
selected as virtually the simplest equation fulfilling the criteria.  

                                                 
15 1 ݂݉ ൌ 10ିଵହ ݉. 
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 Section I-1: The Logic leading to the Theory of Unified Gravitation  
   

The UG theory for the strong interaction and gravitation is based on four postulates 
leading to a family of possible gravitational equations. While the different possible equations 
may provide different potential energy values, they share major properties that can be shown to 
provide a simpler and more accurate theory than the one currently used, with the ability to 
explain a large number of unexplained observed phenomena.  The first UG postulate states,     

 
UG Postulate I: The nuclear strong interaction and gravitation are actually one and 

the same interaction, viewed on different distance scales.  Therefore, a single equation can 
describe both interactions from the sub-nuclear scale to the cosmological scale. 

 
Newton’s gravitational equations 1-1 and 1-2 describe a central and conserving force between a 
pair of particles. The force depends on the distance between the two particles and on the product 
of their masses. Therefore, a natural starting point for the UG theory is to assume that the UG 
force is also a central and conserving force between a pair of particles, and that the force depends 
exclusively on the distance between the particles and on their respective masses. The short-range 
strong force was also shown to depend on inter particle distances and on particle masses, and to 
be dominated by central forces. However, the strong force has also been shown to contain a non-
central component, and furthermore to depend relatively weakly on the charge and spin of the 
particles. Thus, the assumption of a central force that is entirely dependent on particle mass and 
distance can be challenged for distances of the order of ݎ د 10ିଵହ ݉. The weak dependency of 
the overall nuclear force on particle charge and spin can be attributed to electromagnetic 
interactions between the charged particles, or between their charges and the magnetic fields 
generated by their motion and spin.  The existence of a non-central component can be attributed 
to a relativistic effect caused by high particle velocities.  Whereas two charges at rest exert a 
central Coulomb force on each other, two relativistic charges are known to exert a non-central 
magnetic force on each other, in addition to the central Coulomb force.  This phenomenon was 
explained by Einstein to be a simple relativistic effect.  The underlying cause for this effect is 
that a force, under special relativity, is not an invariant entity.  In other words, due to the 
relativistic phenomena of distance contraction and time dilation, force equations are not the same 
when viewed in different inertial frames that move at relativistic velocities relative to each other. 
Consequently, a central force between two particles at rest would not be viewed as a central 
force when both particles are moving at relativistic speeds relative to the observer.  These 
relativistic effects provide a mechanism by which the central Coulomb force, as well as any other 
central force between two particles at rest, can create a substantial non-central force component 
(for further discussion see Chapter III).  Therefore, the existence of a strong central UG force and 
an electromagnetic force between two massive charged particles can be consistent with 
observations of non-central components, with some weaker dependencies on the charge and spin 
of the interacting particles. This enables the UG assumption that when viewed from an inertial 
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rest frame of one of the interacting particles, the unified gravitational force is predominantly a 
central and conserving force between a pair of particles, depending exclusively on the absolute 
value of the distance between the particles and on their respective masses, where the distance and 
masses are measured relative to the given inertial rest frame. In cases where the test particle has a 
relativistic velocity relative to the source particle, its perceived mass and distance are altered by 
the relativistic effect.  For the time being, the discussion is limited to the non-relativistic case, 
where the particle velocities, relative to each other and relative to the observer, are significantly 
lower than the speed of light. The discussion will be broadened in the third chapter of this book 
to deal with relativistic particles as well.  

As the UG force is assumed to be a central and conserving force, it can be written as a 
gradient of a potential energy scalar function   

,ܯ,Ԧ௚ሺ݉ܨ ሻݎ ൌ ሬሬԦ׏ ௚ܸ ൌ
߲ ௚ܸሺ݉,ܯ, ሻݎ

ݎ߲  ݎ̂

where the distance vector between the two particles is given by ݎԦ ൌ Ԧଵݎ െ  Ԧଶ areݎ Ԧଵ andݎ Ԧଶ, whereݎ
the locations of the interacting particles and where ݎ ൌ  is defined as the unit vector in ݎ̂ Ԧ|, andݎ|
the direction of ݎԦ.  The respective rest masses of the particles are denoted ܯ and ݉, the potential 
energy function is given by   ௚ܸሺ݉,ܯ,  ሻ, and for reasons of symmetry, the potential energy ofݎ
each particle should be the same when the particle masses are exchanged.  Therefore, 
௚ܸሺ݉,ܯ, ሻݎ ൌ ௚ܸሺܯ,݉,   .ሻݎ

Additionally, at sufficiently large distances, the UG potential energy equation converges 
toward Newton’s equation 1-2, which depends implicitly on the product of the masses of 
interacting particles, rather than on their individual masses.  There is also no evidence of strong 
forces acting between particles where either one or both particles have zero mass. Therefore, for 
any particle mass M, ௚ܸሺ0,ܯሻ ൌ ௚ܸሺܯ, 0ሻ ൌ ௚ܸሺ0,0ሻ ൌ 0.  This strongly suggests that the 
potential energy function ௚ܸ actually depends on only two variables: the distance ݎ, and the 
product of the two masses ݉ܯ.  Therefore, the second UG postulate can be stated as, 
 

UG Postulate II: The unified gravitational force is a force between a pair of 
particles.  When viewed at an inertial rest frame of one of the interacting particles (the 
source particle), the unified gravitational force applied on the second particle (the test 
particle) is predominantly a central and conserving force that depends exclusively on the 
absolute distance between the particles and on the product of their masses.16 
 
This leads to 
 
                                                 
16 The distinction between the source particle and the test particle is only required for cases where their velocity ݒ relative to each 
other is relativistic. Note that the distance between the particles and the mass of the test particle are viewed from the inertial rest 
frame of the source particle. Therefore, the test particle mass used by the UG equations is given by ݉ߛሺݒሻ, where ݉ is defined as 
the test particle’s rest mass and ߛሺݒሻ ൌ ଵ

ටଵିೡ
మ

೎మ

. The significance of this distinction will become clear in Chapter III. 
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Equation 1-2-1 

   ௚ܸ ൌ ௚ܸሺ݉ܯ,  ሻݎ

Ԧ௚ܨ  ൌ ,ܯԦ௚ሺ݉ܨ ሻݎ ൌ ׏ ௚ܸ ൌ
డ௏೒ሺ௠ெ,௥ሻ

డ௥
 ݎ̂

  
An important question that needs to be addressed is how the UG force and the UG 

potential energy depend on the distance ݎ) ݎ ൌ  Ԧ|).  In accordance with the first UG postulate, atݎ|
large distances17 the UG force equation should asymptotically approach the classical Newtonian 
force equation and should fully comply with all experimental measurements of gravitation that 
are currently available, leading to  
Equation 1-2-2 

௚ܸሺ݉ܯ, ሻݎ ൎ െீ௠ெ
௥

 and ܨԦ௚ሺ݉ܯ, ሻݎ ൎ
ீ௠ெ
௥మ

  ݎ at ݎ̂ ൐ 10ି଺ ݉ 
 

where ݉ and ܯ are the masses of ordinary particles such as protons, neutrons and electrons.   
In addition, according to the first postulate, the UG force must comply with the behavior 

of the nuclear forces between nucleons, which have been observed to be substantially stronger 
than the Coulomb interaction at below approximately 0.65 ݂݉.  Observations further dictate that 
at distances ݎ ൐ 1.5 ݂݉, the nuclear force between two protons must be negligible in 
comparison to the Coulomb force acting between them. Accordingly, the UG potential energy 
must produce an explosive growth at about 1 ݂݉, thus leading to the third postulate. 

 
UG Postulate III:  The UG potential energy has an exponential dependency on the 

distance ࢘. 
  
The simplest mathematical function that complies with the aforementioned requirements 

is the function ଵܸ ൌ െܤ൫݁஺/௥ െ 1൯, where ܣ is of the order of 0.5 ݂݉ 10 ݋ݐ ݂݉. This function 
demonstrates exponential growth, as well as substantial amplitude at ݎ ൏ 1 ݂݉, and relatively 
negligible amplitude at ݎ ൐ 1.5 ݂݉. In addition, this function and its derivative are practically 
indistinguishable from the Newtonian function ேܸ ൌ െீ௠ெ

௥
 and its derivative at ݎ ൐ 10ି଺ ݉, as 

long as the value of ܣ is sufficiently small.  Expressed mathematically, 
Equation 1-2-3 

ଵܸ ൌ െܤ൫݁஺/௥ െ 1൯ ൌ െܤ ൬1 ൅ ஺
௥
൅ ܱ ൬ቀ஺

௥
ቁ
ଶ
൰ െ 1൰ ՜ ି஺஻

௥
ൌ ିீ௠ெ

௥
 for ݎ ب   ܣ

 
Therefore, if ܤܣ ൌ ݎ and ܯ݉ܩ ب then ଵܸ ܣ ՜ ேܸ.  Similarly, for the derivative of ଵܸ (or the 
force), 

                                                 
17 “Large distances” refers to distances where the UG and the Newtonian equations are indistinguishable.  In the case of matter 
composed of protons, neutrons and electrons, large distances refers to ݎ غ 5 כ 10ି଺ ݉, which provides the  range of distances at 
which experiments were conducted, confirming within 1 part in 7000 the accuracy of  Newton’s formula. 



 

24 
 

Equation 1-2-4 

Ԧଵܨ ൌ
ௗ௏భ
ௗ௥
ݎ̂ ൌ ஺஻

௥మ
݁஺/௥̂ݎ ൌ ஺஻

௥మ
ቆ1 ൅ ஺

௥
൅ ܱ ൬ቀ஺

௥
ቁ
ଶ
൰ቇ ݎ̂ ՜ ஺஻

௥మ
ݎ̂ ൌ ீ௠ெ

௥మ
  ݎ̂

 
where ݎ ب  Note that while Newton’s force and potential energy equations depend  .ܣ

linearly on the particle mass ݉ through the product of ݉ܯ, the second UG postulate does not 
require that the UG force or potential energy be linear with ݉.  Such linearity is possible if the 
variable ܤ of equation 1-2-3 is proportional to ݉ܯ, or if ܣ is independent of ݉ܯ, and therefore 
a constant.  However, in order to comply with the first UG postulate, the UG theory should be 
capable of explaining the patterns of nuclear resonances, as well as planetary and galactic rings 
patterns, which may consist of many thousands of ringlets, as observed in Saturn’s complex ring 
system.  Both phenomena demonstrate strong oscillation patterns.  The existence of nuclear 
resonances, which demonstrate a series of discrete nuclear energy levels that depend mainly on 
the masses of nucleons, strongly suggests the presence of a shell structure in the nucleus.  The 
existence of such a shell structure, however, does not necessarily infer a cyclical UG potential 
energy.  After all, the Coulomb potential energy of the proton-electron system given by the 

equation ௖ܸ ൌ
௄௤మ

௥
 is non-cyclical, but still produces the atomic electron shell structure due to 

quantum effects.  However, quantum effects occur on microscopic distance scales and thus 
cannot be responsible for planetary or galactic rings, as the large size of the area occupied by the 
planetary and galactic rings simply rules them out as a reasonable cause.  Attempts to explain 
ring structures via electromagnetic forces have proven to be unsuccessful, and attempts to 
explain planetary rings and gaps as a result of orbital resonances between rings (or the gaps) and 
certain satellites have been only partially successful, as they do not explain the vastness of the 
ring systems (see Chapter V), nor the entirety of the observed rings and gaps.  In order to provide 
a mechanism capable of producing the vast planetary ring systems, as well as the ring and spiral 
structures observed in galaxies (see Chapter IV), the UG potential energy equation must also 
contain a periodic function.  As most of the gravitational systems familiar to us do not 
demonstrate cyclical behavior, the oscillating term must somehow be suppressed at distances 
larger than 10 ݉ߤ when applied to protons, neutrons and electrons.  Whereas nuclear resonances 
occur at distances of approximately 10ିଵହ ݉, planetary rings occur at distances below 
150,000 ݇݉, and rings are observed in galaxies at distance ranges of the order of 3 ݇ܿ݌ to 
 Therefore, the distance range of the oscillations must vary for different systems, yet  18.ܿ݌݇ 120
must still depend exclusively on the mass of the interacting particles. Theoretically, ring and 
galaxy formations could also be explained by some odd distribution of dark matter, or by 
collisions between systems; however, to date these explanations have provided only limited 
success for a limited number of systems, while resulting in models with escalating complexity.  
Instead, a different approach is attempted by the UG theory.     

                                                 
ܿ݌ 1 18 ൌ 3.0857 כ 10ଵ଺ ݉. 
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The simplest cyclical function that can concurrently provide diminished oscillations as 
ݎ ՜ ∞ and produce a derivative that, similar to the Newtonian force, is proportional to 1 ⁄ଶݎ , is 

the function cos  ቀ஽
௥
൅ ߮ቁ, which oscillates at ݎ د  and approaches the constant value cos ሺ߮ሻ ܦ

as ݎ ՜ ∞.  If ܦ were independent of particle mass, rings should always occur at the exact same 
interparticle distances, regardless of the masses of the two interacting particles, in disagreement 
with observations that different planetary and galactic systems often demonstrate concentric sets 
of rings at varying radii.  This leads to the conclusion that ܦ must be dependent on the masses of 
the particles, or specifically on their product ݉ܯ, as required by the second postulate.  
Therefore, the simplest functions that comply with the above requirements are of the form 
Equation 1-2-5 

௚ܸ ൌ െܤ ൬݁஺ ௥⁄ ݏ݋ܿ ቀ஽
௥
൅ ߮ቁ െ            ሺ߮ሻ൰ ݏ݋ܿ

        
where ܦ must be dependent on ݉ܯ, and ܤ,   and ߮ may either be constants or functions of ܣ
The term െcos ሺ߮ሻ was added to assure that lim௥՜ஶ .ܯ݉ ௚ܸ ൌ 0.19  The requirement that at 
large distances ௚ܸ should approach its Newtonian counterpart leads to  
Equation 1-2-6 

݈݅݉
௥՜ஶ ௚ܸ ൌ ݈݅݉ 

௥՜ஶ
 ቈെܤ ቆ݁஺ ௥⁄ ݏ݋ܿ ൬

ܦ
ݎ ൅ ߮൰ െ ሺ߮ሻቇ቉ ݏ݋ܿ ՜           

՜  
௥՜ஶ

 ቈെܤ ቆ൬1 ൅
ܣ
൰ݎ ൬ܿݏ݋ ൬

ܦ
൰ݎ ݏ݋ܿ

ሺ߮ሻ െ ݊݅ݏ ൬
ܦ
൰ݎ ݊݅ݏ

ሺ߮ሻ൰ െ ሺ߮ሻቇ቉ ݏ݋ܿ ՜ 

 

՜  
௥՜ஶ

 ൦െܤ൮൬1 ൅
ܣ
൰ቌቆ1ݎ െ ൬

ܦ
൰ݎ

ଶ

ቇ ሺ߮ሻݏ݋ܿ െ
ܦ
ݎ ݊݅ݏ

ሺ߮ሻቍ െ ሺ߮ሻ൲൪ ݏ݋ܿ ՜ 

 

՜  
௥՜ஶ

 ൤െ
ܤ
ݎ
ሺݏ݋ܿܣሺ߮ሻ െ ܦ ሺ߮ሻሻ൨݊݅ݏ ՜  

௥՜ஶ
െ
ܯ݉ܩ
ݎ  

 
or 
Equation 1-2-7 

ሺ߮ሻݏ݋ܿܣሺܤ െ ܦ sinሺ߮ሻሻ ൌ  ܯ݉ܩ
 

Using the same process for its derivative (or force), 
                                                 
19 Note that equations of the type ௚ܸ ൌ െ ஻

௥
൬݁஺ ௥⁄ ݏ݋ܿ ቀ஽

௥
൅ ߮ቁ൰  are not considered, as they would fail to provide the constant 

rotation curve observed in spiral galaxies (see Chapter VI).   A more complex equation such as 

 ௚ܸ ൌ െܤ ൬݁஺ ௥⁄ ݏ݋ܿ ቀ஽
௥
൅ ߮ቁ െ ሺ߮ሻ൰ ݏ݋ܿ െ ௞௠ெ

௥
  cannot simply be ruled out.  However, to fit the observations listed above, at 

distances of ݎ د ݎ or ܣ د the term  ௞௠ெ ܦ
௥

 must become relatively insignificant, while at  ݎ ب ݎ and ܣ ب  the UG potential ,ܦ

energy ௚ܸ becomes indistinguishable from Newton’s ேܸ.  Therefore, the term ௞௠ெ
௥

  would provide a significant contribution only 
within a relatively narrow range of distances. 
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Equation 1-2-8 

݈݅݉
௥՜ஶ

௚ܨ  ൌ ݈݅݉ 
௥՜ஶ

ߘ ௚ܸ ൌ ݈݅݉ 
௥՜ஶ

ቈെ
஺݁ܤ ௥⁄

ଶݎ ቆെݏ݋ܿܣ ൬
ܦ
ݎ ൅ ߮൰ ൅ ݊݅ݏܦ ൬

ܦ
ݎ ൅ ߮൰ቇ቉ ՜ 

 

՜  
௥՜ஶ

ቈ
ሺ1ܤ ൅ ܣ ⁄ݎ ሻ

ଶݎ ቆܣ ൬ܿݏ݋ ൬
ܦ
൰ݎ ݏ݋ܿ

ሺ߮ሻ െ ݊݅ݏ ൬
ܦ
൰ݎ ݏ ݅݊

ሺ߮ሻ൰ െ ܦ ൬݊݅ݏ ൬
ܦ
൰ݎ ݏ݋ܿ

ሺ߮ሻ ൅ ݏ݋ܿ ൬
ܦ
൰ݎ ݏ ݅݊

ሺ߮ሻ൰ቇ቉ ՜ 

 

՜  
௥՜ஶ

൦
ሺ1ܤ ൅ ܣ ⁄ݎ ሻ

ଶݎ ൮ܣቌቆ1 െ ൬
ܦ
൰ݎ

ଶ

ቇ ሺ߮ሻݏ݋ܿ െ
ܦ
ݎ ݏ ݅݊

ሺ߮ሻቍ െ ܦ ቆ
ܦ
ݎ ݏ݋ܿ

ሺ߮ሻ ൅ ቆ1 െ ൬
ܦ
൰ݎ

ଶ

ቇ ݏ ݅݊ሺ߮ሻቇ൲൪ ՜ 

 
 

՜  
௥՜ஶ

ܤ
ଶݎ
ሺܣ ሺ߮ሻݏ݋ܿ െ ܦ ݏ ݅݊ሺ߮ሻሻ ՜

ܯ݉ܩ
ଶݎ  

 
Again, in agreement with equation 1-2-7, 
Equation 1-2-9 

ሺ߮ሻݏ݋ܿܣሺܤ െ ܦ ሺ߮ሻሻ݊݅ݏ ൌ  ܯ݉ܩ
 

This leaves us with three degrees of freedom, where setting three out of the four functions ܤ ,ܣ, 
 or ߮ will uniquely determine the fourth function.20  However, there are a few constraints. As ܦ
discussed above, ܦ must be dependent on ݉ܯ, otherwise all planets and galaxies would 
demonstrate rings at exactly the same sets of radii.  According to equation 1-2-7 (or the identical 
equation 1-2-9), either ܤ, or alternatively ݏ݋ܿܣሺ߮ሻ െ ܦ  ሺ߮ሻ, must be equal to or approach݊݅ݏ
zero if either ݉ ܯ ݎ݋ are equal to or approach zero.  Therefore, either one or both ܤ or 
ሺ߮ሻݏ݋ܿܣ െ ܦ  .ܯ݉ ሺ߮ሻ must depend implicitly on݊݅ݏ

If function ܣ is negative, the UG potential energy would be monotonically attenuated, 
becoming zero as ݎ approaches zero. The function ܣ must therefore be positive in order to 
explain both gravitation and the strong nuclear interaction. The existence of rings suggests that 
the UG cosine term of equation 1-2-5 oscillates within the radius of the farthest observed ring, 
requiring that ݎ ع  The fact that gravitational fields do not demonstrate explosive exponential  .ܦ
growth in the vicinity of the observed galactic or planetary rings further requires that within the 
distance range of the rings, ݎ ب ܣ In the range of distances .ܣ ا ݎ ൏  equation 1-2-5 can be ,ܦ

reduced to ௚ܸ ൌ െܤ ൬ܿݏ݋ ቀ஽
௥
൅ ߮ቁ െ  ሺ߮ሻ൰, and therefore oscillates with virtually constant ݏ݋ܿ

amplitude ܤ.  It is reasonable to assume that particles of greater mass should produce a larger 
UG potential energy amplitude within this oscillation range. This suggests that B should also be 
dependent on ݉ܯ. While these constraints eliminate many possible combinations of functions ܣ, 
 and ߮, a substantial number of possibilities remain, and a significant amount of ܦ ,ܤ
experimental data is required before the number of possible equations can be reduced to a bare 

                                                 
20 Unless the fourth function is ߮, which can only be determined within an integer multiple of 2ߨ. 
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minimum. However, once the values of ݉ and ܯ are set, ܦ ,ܣ and ߮ can be treated as a set of 
constants (denoted ܦ ,ܣ and ߔ) and equation 1-2-5 becomes 
Equation 1-2-10 

௚ܸ ൌ െ
ܯ݉ܩ

ሻߔሺݏ݋ܿܣ െ ሻߔሺ݊݅ݏܦ ቆ݁
஺ ௥⁄ ݏ݋ܿ ൬

ܦ
ݎ ൅ ൰ߔ െ  ሻቇߔሺ ݏ݋ܿ

 
Among the mathematically possible sets of functions ܦ ,ܤ ,ܣ and ߔ, the simplest and 

most logical are those where the exponent operand ܣ is a positive constant ሺܣ ؠ ܽ ൐ 0ሻ and the 
phase Φ is set as zero.  This leads to ܤ ൌ ீ௠ெ

௔
.  As ܦ must depend on the particle masses, 

ܦ ൌ   .is selected for simplicity, where ܾ is a constant ܯܾ݉
  Using this simplified set, the UG potential energy can be written as 

Equation 1-2-11 

௚ܸ ൌ െ
ܯ݉ܩ
ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬

ܯܾ݉
ݎ ൰  െ1൰ 

 
Equation 1-2-11 was derived by searching for the simplest function that is compatible 

with the UG postulates.  While in agreement with the spirit of Occam’s Razor, the selection of 
the simplest equation is somewhat subjective, and cannot necessarily be regarded as proven.  
After all, nature is not required to guarantee simplicity.  However, the simplest model is usually 
a good starting point.  If experimental data is found to conflict with the predictions of equation 1-
2-11, new sets of functions should be evaluated. 

The inclusion of a cosine term (or in general, a cyclical term) in the UG equation, and the 
dependency of its operand on the particle masses, is probably the most fundamental deviation of 
the UG theory from Newton’s theory and general relativity. According to Newton’s equation, the 
external gravitational force applied on an object is always an attractive force that is linearly 
proportional to its total mass ݉. Newton’s gravitational theory holds that the external force is the 
same whether a point-like object consists of few heavy fundamental particles or of many light 
fundamental particles, as long as the total sum of all of their masses are the same.  For example, 
according to the Newtonian equation, the gravitational force applied by an external point-like 
and electromagnetically neutral object of mass ܯ on a point-like object containing a single 
particle of mass ݉ is virtually equal to the gravitational force applied by the same external object 
from the same distance on a point-like object containing 100 particles of mass ݉/100. The UG 
theory makes the distinction that the UG force is linear with the number of fundamental particles 
if they are all of the same mass. However, the UG force and potential energy are not linear 
functions of the fundamental particle masses, and therefore are not necessarily linear with the 
total mass of the object.  As an example, the Newtonian gravitational potential energy ேܸ 
between two atoms, one containing ௣ܰ protons, ௡ܰ neutrons and ௘ܰ electrons of respective mass 
݉௣௥௢௧, ݉௡ and ݉௘ and the other containing ܭ௣ protons, ܭ௡ neutrons and ܭ௘ electrons, is given 
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by ேܸ ൌ െ ீ೙൫ே೛௠೛ೝ೚೟ାே೙௠೙ାே೐௠೐൯൫௄೛௠೛ೝ೚೟ା௄೙௠೙ା௄೐௠೐൯
௥

ൌ െ ீ೙௠భ௠మ
௥

, where the distance ݎ 
between the two atoms is assumed to be significantly larger than the diameter of either atom.21  
The total mass of each atom is given by ݉ଵ and ݉ଶ, and ܩ௡ is the Newtonian gravitational 
constant.  

The UG potential energy ௚ܸ of the same interaction is provided by  

௚ܸ ൌ െ ீೠ
௔
ቂ ௣ܰ݉௣௥௢௧ܭ௣݉௣௥௢௧ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ೝ೚೟మ

௥
ቁ   െ1ቁ ൅ ௣ܰ݉௣௥௢௧ܭ௡݉௡ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ೝ೚೟௠೙

௥
ቁ   െ1ቁ ൅

൅ ௣ܰ݉௣௥௢௧ܭ௘݉௘ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ೝ೚೟௠೐

௥
ቁ   െ1ቁ ൅ ௡ܰ݉௡ܭ௣݉௣௥௢௧ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ೝ೚೟௠೙

௥
ቁ   െ1ቁ ൅

൅ ௡ܰ݉௡ܭ௡݉௡ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೙మ

௥
ቁ   െ1ቁ ൅ ௡ܰ݉௡ܭ௘݉௘ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೙௠೐

௥
ቁ   െ1ቁ ൅

൅ ௘ܰ݉௘ܭ௣݉௣௥௢௧ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ೝ೚೟௠೐

௥
ቁ   െ1ቁ ൅ ௘ܰ݉௘ܭ௡݉௡ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೙௠೐

௥
ቁ   െ1ቁ ൅

൅ ௘ܰ݉௘ܭ௘݉௘ ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೐௠೐
௥

ቁ   െ1ቁቃ 

 

ேܸ and ௚ܸ are not identical at sufficiently short distances where ݁௔ ௥⁄  is distinguishable 

from ቀ1 ൅ ௔
௥
ቁ, or if ܿݏ݋ ቀ௕௠೙௠೙

௥
ቁ is still oscillating or has not yet converged to 1.22  At these 

distance ranges, the cosine terms within ௚ܸ are not all equal, and the total sum within the brackets 
does not add up to the product of the overall mass of the atoms.  At large distances, where ݎ ب ܽ 

and ݎ ب ܾ݉௡݉௡, ௚ܸ does converge toward െீೠ൫ே೛௠೛ೝ೚೟ାே೙௠೙ାே೐௠೐൯൫௄೛௠೛ೝ೚೟ା௄೙௠೙ା௄೐௠೐൯
௥

ൌ

െ ீೠ௠భ௠మ
௥

 , and with ܩ௨ ൌ  .௡, the two potential energies convergeܩ
Therefore, with a constant ܽ that is significantly less than the diameter of a hydrogen 

atom, and with a constant b that complies with ܾ݉௡݉௡ ا 10ି଺ ݉, the two potential energy 
functions are indistinguishable at distances greater than 10ି଺ ݉. However, for interactions 
involving fundamental particles of a mass significantly larger than the mass of a proton or 
neutron, the deviation from the Newtonian equation would become significant at greater distance 
ranges.  Theoretically, these distances can extend to tens of thousands of kilometers if 
sufficiently large fundamental particles exist at the center of planets, or may further extend to the 
order of tens of ݇ܿ݌ if substantially heavier particles exist at the galactic centers, leading to the 
fourth UG postulate. 

 
UG Postulate IV: The extreme temperature and pressure conditions that exist at the 

cores of entities such as planets, stars and galaxies produce relatively stable superheavy 
particles (SHPs). Substantially higher temperature and pressure produce substantially 
more massive fundamental particles.  

  
                                                 
21 For simplicity, the small reduction of the proton, neutron or electron masses due to atomic bonding is neglected in this 
discussion.  Furthermore, only the gravitational potential energy of the interaction between the two atoms is taken into 
consideration. Therefore, electromagnetic interactions, or any UG interactions within each atom, and the rest energy of the 
particles, are not taken into account.   
22 Since ݉௡ ൐ ݉௣௥௢௧ and ݉௡ ب ݉௘, the cosine term ܿݏ݋ ቀ௕௠೙௠೙

௥
ቁ requires the farthest distance before converging toward 1. 
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The production of very massive fundamental particles, coupled with the UG equations 
(equations 1-2-5, 1-2-10 or 1-2-11), can provide a mechanism for generating planetary or 
galactic rings within the distance range where the cosine term demonstrates oscillations.  High-
energy collisions between electrons and positrons have been shown to create particles that are 
heavier than 350,000 times their mass.  Consistent with postulate IV, experimental data shows 
that higher energy particle collisions are capable of producing more massive particles. However, 
the masses of the heaviest particles produced via collision experiments are far smaller than the 
extreme masses required for the production of planetary or galactic rings via equation 1-2-11.  
Furthermore, the heaviest particles produced by high-energy collision experiments exist for only 
an instant before decaying into a barrage of lighter particles.  Note, however, that the energy 
levels at the cores of planets, stars and galaxies are many orders of magnitude greater than those 
created by particle accelerators, and therefore the postulation that they can produce particles of 
substantially greater mass is logical.  The relative stability of planetary ring systems suggests that 
if rings are in fact produced by superheavy particles in the vicinity of the central core of a planet, 
then the number of superheavy particles involved must be about constant.  This can be explained 
via two different processes.  First, the steady-state conditions within the core of a planet dictate 
that on average, the rate of production of a particular type of SHP should be equal to its rate of 
decay.  Second, although free neutrons are known to be unstable and to decay, a neutron 
becomes stable when bonded with a proton in an atom nucleus.  A similar mechanism may be at 
work for the large superheavy particles within galactic, stellar or planetary cores, where the 
superheavy particles may become bonded to each other or to the central core of ordinary matter, 
and thus become stable.23  A more restrictive assertion, known as quark confinement, is made by 
the standard model, in which quarks are assumed to be stable only when they are bonded 
together.   

We must also question whether it is reasonable to assume the possibility of the existence 
of fundamental particles of masses of many orders of magnitude greater than the most massive 
particle ever observed (10ଷ଴ times heavier).  To answer this question we should bear in mind that 
according to the UG postulate IV, such large particles can be produced and maintained only 
within violent environments of extremely high energy, temperature and pressure, as exist at the 
cores of planets, stars and galaxies.  These violent environments are simply not accessible for 
direct and close observation.  However, according to the UG theory, their effects can be observed 
from far distances in the form of planetary rings, ring and spiral galaxies, and as rejection forces 
that drive galaxies away from each other.  The idea that a gravitational collapse could generate 
massive superheavy particles of many orders of magnitude larger than the heaviest particles 
observed can understandably be viewed as almost inconceivable. It should be noted, however, 
that this postulate is very mild relative to the accepted notion of the existence of black holes.  

                                                 
23 Such an occurrence is extremely unlikely in the case of scattering experiments, where the production of a superheavy particle 
via a brief violent collision is an isolated event, and where the newly produced particle is subsequently immersed in a very mild 
(low energy) environment and does not have the opportunity to bond with any other SHP or to a massive object such as the core 
of planets or stars. 
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According to the no-hair theorem,24 a black hole is viewed by an external observer to behave like 
a particle with enormous mass.  However, the masses of black holes, which are believed to be 
produced by gravitational collapse, may exceed the SHP masses contemplated here by factors of 
10ଶ଺ to 10ହଶ.  Therefore, to make it easier to comprehend the fourth postulate in terms of current 
belief, the postulate can be described as an assumption that the extreme conditions generated by 
the collapse of gas clouds produces small black holes (SHPs) near the center of the planet, star or 
galaxy.  With this approach, the main and fundamental difference between the UG theory and the 
current paradigm (Newton’s gravitational theory and general relativity) is the use of equation 1-
2-11, rather than equation 1-2, to describe the potential energy of the interaction. 
 
 
 
 
 
 
  

                                                 
24 According to the no-hair theorem, all stationary black hole solutions of the Einstein equations of general relativity and the 
Maxwell equations of electromagnetism can be completely characterized by four numbers (in addition to their location and 
velocity): The total mass (energy), the angular momentum (spin), the total charge, and possibly, the total magnetic monopole 
charge (which is believed to be 0, reducing the number to only three).  Consequently, a black hole is viewed by an external 
observer as a particle. 
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Chapter II: The UG Characteristics at Non-Relativistic Velocities. 
  
Before proceeding further, it is important to address the oscillating behavior of the UG 

potential energy demonstrated in figures 2-3 to 2-6. 
Equation 2-1-1 

௚ܸ  ൌ െ ீ௠ெ
௔
 ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ െ 1ቁ     

 
Whereas the gravitational force described by Newton’s equation increases monotonically with a 
reduction in the distance between a pair of particles and is purely attractive, the UG potential 
equation incorporates a cosine term.  The cosine enables a cyclical function to alternate between 
-1 and 1, and its inclusion in equation 2-1-1 implies that at short distances ሺݎ ൏ ܯܾ݉ ⁄ߨ ሻ the 
UG equation alternates between zones of attraction and zones of repulsion. The cosine term 
further implies that there are an infinite number of distances at which the UG force or potential 
energy cross zero, as well as an infinite number of distances at which they assume local maxima 
or minima. 

Figure 2-1 illustrates that the cyclical behavior of the UG equation can be restricted to 
very short distances, well below the range of distances where gravitation has been tested 

experimentally. The graph uses an example of the general function ܻ ൌ ݏ݋ܿ ቀ௕௠ெ
௥
ቁ compared to 

unity.  When ݎ→∞, ܻ ൌ 1.  As the value of ݎ decreases, ܻ reduces monotonically, yet remains 
almost indistinguishable from 1 until a distance of about ݎ ൌ 1.2 כ 10଺ ݂݉, which is slightly 
larger than the size of a typical atom or molecule.  As ݎ is further reduced, ܻ continues to drop 
monotonically until it becomes equal to zero at ݎ ൌ ଶ௕௠ெ

గ
.  At ݎ ൌ ௕௠ெ

గ
,  ܻ reaches its first 

minimum at ܻ ൌ െ1. As ݎ continues to decrease, ܻ begins oscillating between െ1 and 1 with 

growing frequency.  Similarly, figure 2.2 compares the behavior of ܼ ൌ െܯ݉ܩቀ௘
ೌ ೝ⁄ ିଵ
௔

ቁ with 

the behavior of ܻ ൌ ିீ௠ெ
௥

.  The two functions are indistinguishable from each other at distances 
of ݎ ب 5 כ 10ିଵଷ ݉.  Therefore, using the set of numbers given in the previous example, both 

terms, ቀ௘
ೌ ೝ⁄ ିଵ
௔

ቁ and ܿݏ݋ ቀ௕௠ெ
௥
ቁ are, for all practical purposes, indistinguishable from 1 ⁄ݎ  and 1 

respectively at distances of ݎ ൐ 10ିଽ ݉.25  In figures 2-3 to 2-6, the exponent and the cosine 
terms are combined into the UG potential energy equation 2-1-1.  Again, using the same selected 
values and the given display scales, the UG potential energy ௚ܸ can hardly be distinguished from 
the Newtonian potential ேܸ at distances of ݎ ൐ 1.2 כ 10ଵ଴ ݂݉ ൌ 1.2 כ 10ିହ ݉.  Under the 
assumption that the UG force is a conserving force, the UG gravitational force ܨԦ௚ between two 
particles of respective mass ܯ and ݉ can be calculated by computing the gradient of ௚ܸ, given 
by equation 2-1-1.  As the force is further assumed to be a central force, equation 2-1-1 is 

                                                 
25 The reasoning behind the specific selected values for the constants ܽ and ܾ will be explained later on in this chapter. 
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dependent only on the distance ݎ, and independent of any orientation angle.26  Therefore, only 
the radial derivative must be taken into account, leading to 
Equation 2-1-2    

Ԧ௚ܨ  ൌ ሬԦߘ ௚ܸ ൌ
߲ ௚ܸ

ݎ߲ ݎ̂ ൌ
ܯ݉ܩ
ଶݎ ݁௔ ௥⁄ ൬ܿݏ݋ ൬

ܯܾ݉
ݎ ൰ െ

ܯܾ݉
ܽ ݊݅ݏ ൬

ܯܾ݉
ݎ ൰൰  ݎ̂

       

           
Figure 2-1: Comparison between ݕ ൌ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ and ݕ ൌ 1 using ܾ ൌ 9 כ 10ସଷ  ݉ ݇݃ଶ⁄ ܯ  , ൌ ݉ ൌ 1.674 כ 10ିଶ଻ ݇݃.  The x 

axis provides the distance ݎ in ݂݉. The two functions converge at about ݎ ൐ 1.2 כ 10଺ ݂݉ ൌ 1.2 כ 10ିଽ ݉. 
 

  
Figure 2-2: Compares ݕ ൌ െܯ݉ܩ ቀ௘

ೌ ೝ⁄ ିଵ
௔

ቁ, denoted as ܼ, to  ݕ ൌ െீ௠ெ
௥

, denoted as Y, where ܽ ൌ 5.7 כ 10ିଵସ ݉. 
 
In the general case of two objects consisting of a variety of particles, where the first object is 
composed of an ensemble of particles of particle mass ܯ௜ and the second object is composed of 
an ensemble of particles of particle mass ܯ௝, the UG potential energy between the two objects  is 
given by 
 
Equation 2-1-3     

௚ܸ ൌ െ
ܩ
ܽ෍ ෍ ௝ܯ௜ܯ ቈ݁௔ ௥೔ೕ⁄ ݏ݋ܿ ቆ

௝ܯ௜ܯܾ

௜௝ݎ
ቇ െ 1቉

௝௜
 

                                                 
26 The assumption that the UG force is a central force is valid only as long as the particle velocities are non-relativistic. 
Relativistic velocities will be discussed in Chapter III. 

converge 



 

33 
 

 
Figure 2-3            Figure 2-4 

          
Figure 2-3: The UG and Newtonian potential equations are compared in a display range of 10ଽ݂݉ ൏ ݎ ൏ 15 כ 10ଽ ݂݉, using 
values of  ܽ ൌ 5.7 כ 10ିଵସ ݉, ܾ ൌ 9 כ 10ସଷ  ݉ ݇݃ଶ⁄ ܩ , ൌ 6.674 כ 10ିଵଵ  ܰ݉ଶ ݇݃ଶ⁄ , and ܯ ൌ ݉ ൌ 1.674 כ 10ିଶ଻ ݇݃.  The two 
functions converge at about ݎ ൐ 10ଵ଴ ݂݉. 
Figure 2-4:  Displays the same comparison as figure 2.3, viewed in a display range of  0 ൏ ݎ ൏ 30,000 ݂݉. In this range, as 
long as ܽ ا the UG potential energy ௚ܸ ,ݎ  oscillates with a large, almost constant amplitude (relative to the Newtonian potential), 
and with increasing frequency as ݎ approaches zero.  Note that ௚ܸ is essentially positive, and only briefly negative near its 
minima that reside on the Newtonian curve. 
 
 
Figure 2-5          Figure 2-6 

        
Figures 2-5 and 2-6:  Comparison between the UG and Newtonian potential equations, viewed in display ranges of 0 ൏ ݎ ൏
1,500 ݂݉ and 0 ൏ ݎ ൏ 80 ݂݉ respectively.  Note that at low ݎ values (below about  150 ݂݉) there is an explosive increase in 
amplitude, saturating the display scale almost instantly. 
 
The summations over ݅ and ݆ include all of the particles in objects 1 and 2 respectively, and ݎ௜௝ is 
the distance between the particle of mass ܯ௜ in the first object and the particle of mass ܯ௝ in the 
second object.   

For simplicity, let it be assumed that the first object is composed of ܰெ identical particles 
of particle mass ܯ and the second object is composed of ܰ௠ identical particles of particle mass 
݉.  Furthermore, the distance ݎ between the two objects is assumed to be substantially larger 
than the size (or diameter) of either object.  Consequently, the potential energy equation is given 
by  
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Equation 2-1-4                             

௚ܸ ൌ െ
ெܰܯ௠ܰ݉ܩ

ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬
ܯܾ݉
ݎ ൰ െ 1൰ 

 
Similarly, the unified gravitational force ܨԦ௚ is provided by 
Equation 2-1-5   

Ԧ௚ܨ  ൌ ׏ ௚ܸ ൌ
߲ ௚ܸ

ݎ߲ ݎ̂ ൌ
ெܰܯ௠ܰ݉ܩ

ଶݎ ݁௔ ௥⁄ ൤ܿݏ݋ ൬
ܯܾ݉
ݎ ൰ െ

ܯܾ݉
ܽ ݊݅ݏ ൬

ܯܾ݉
ݎ ൰൨  ݎ̂

      

Therefore, at distances ݎ  ب  ݎ ,ܽ  ب ݎ and ܯܾ݉ ب ሺ௕௠ெሻమ

௔
, where ݁௔ ௥⁄  and ܿݏ݋ ቀ௕௠ெ

௥
ቁ approach 

1 and ௕௠ெ
௔

݊݅ݏ ቀ௕௠ெ
௥
ቁ ൎ ሺ௕௠ெሻమ

௥௔
 approaches zero, the UG force equation converges to       

Equation 2-1-6 

Ԧ௚ܨ  ؆
ெܰܯ௠ܰ݉ܩ

ଶݎ ݎ̂ ൌ  Ԧ௡ܨ

 

where ܨԦ௡ denotes the Newtonian force, thereby demonstrating that the UG and Newtonian forces 
converge at far distances.27  In general, at the limit lim௕՜଴ ௔௡ௗ ௔՜଴ Ԧ௚ܨ ൌ  Ԧ௡.  Thus, both theoriesܨ
provide the same results for any gravitational system that is composed of ordinary particles, as 
long as the constants ܽ and ܾ are sufficiently small, and the distance ݎ is not sub-microscopic.  

The underlying postulate that the unified gravitational force equation can also be applied 
to the strong interaction suggests that in the nucleus of an atom, where the distance between the 
nucleons is about ݎ  ؆  0.65 כ 10–ଵହ ݉, the UG potential energy between two protons will be 
virtually equal in amplitude to the Coulomb potential.  Therefore,28 using equation 2-1-1 and 
Coulomb’s law, 
Equation 2-1-7  

௣௥௢௧݉ܩ
ଶ

ܽ ݁௔ ௥⁄ ؆
௘ଶݍܭ

ݎ  

 
Multiplying by the constant ܽ and taking the log of both sides provides 
Equation 2-1-8  

ܽ
ݎ ؆ ݈݊ ቆ

௘ଶݍܭ

௣௥௢௧݉ܩ
ଶቇ ൅ ݈݊ ቀ

ܽ
 ቁݎ

                                                 
27 See figure 2-8. 
28 The Coulomb interaction is clearly dominant at ݎ ൐ 1.5 ݂݉ and negligible compared with the strong interaction at 
approximately ݎ ൏ 0.5 ݂݉.  Therefore, the UG potential energy must be approximately equal to the electromagnetic (Coulomb’s) 
potential energy somewhere in between those two distances.  This provides a margin of error of about 30% for the constant ܽ.   
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Substituting ݍ௘ ൌ 1.602 כ 10ିଵଽ ܥ for the proton charge, ݉௣௥௢௧ ൌ  1.673 כ 10ିଶ଻ ݇݃ for the 

proton mass, ܭ ൌ 9 כ 10ଽ  ܰ݉ଶ ܿଶ⁄ ܩ , ൌ 6.674 כ 10ିଵଵ ܰ݉ଶ ݇݃ଶ⁄ , and ݎ ൌ 0.65 כ 10–ଵହ ݉,  
and solving equation 2-1-8 via iterations provides the approximate value of the constant ܽ  ؆
 5.7 כ 10–ଵସ ݉. 
 Evaluating the exponential values at distances of 0.4 ݂݉, 0.65 ݂݉, and 1 ݂݉, with the 
assumption that ܽ ൌ 5.7 כ 10–ଵସ ݉ will increase the UG force by a factor of about 2.13 כ 10ଵଷ  
between 1 ݂݉ and 0.65 ݂݉, and by a factor of about 6.3 כ 10ଶଷ between 0.65 ݂݉ and 0.4 ݂݉.  
Therefore, equations 2-1-1 and 2-1-2 provide the necessary explosive growth at approximately 
1 ݂݉ and below, while asymptotically converging to the Newtonian force for ordinary particles 
at distances significantly larger than about 10 ݉ߤ.   

Finding the value of the constant ܾ is more complicated, as the oscillations could have 
started at distance ranges where the amplitude of the UG potential energy is negligible compared 
with the electromagnetic potential energy, and are thus difficult to detect.  

A lower bound for the constant ܾ can be attained by taking into account the stability of 
the nucleus, where the distances between the nucleons average about 0.65 כ 10–ଵହ ݉, requiring 
that a minimum occur at about this distance.  For a minimum to occur, the interaction between 
the nucleons at 0.65 כ 10–ଵହ ݉ must be within the oscillation range of the cosine term, or 

 ௕௠೛
మ

గ
൐ 0.65 כ 10–ଵହ ݉, leading to ܾ ൐ 7.28 כ 10ଷ଼ ݉/݇݃ଶ.29 

 

 
Figure 2-7: The graph demonstrates the explosive growth of the UG potential energy at the nuclear boundaries.  As calculated in 
the case of two proton interactions, the amplitude of the UG potential energy is equal in magnitude to the Coulomb potential 
energy at about 0.65 ݂݉.  At distances below 0.65 ݂݉, the UG potential energy completely dominates over the electromagnetic 
potential energy (with the exception of the UG zero crossings).  At just above 0.65 ݂݉, however, the UG potential energy  
becomes negligible. 
 

 The requirement that the UG force equation be consistent with the Newtonian force 
equation within the level of measurement reliability can be used for estimating an upper bound 

                                                 
29 The term ݉௣ is used here for either the mass of a proton ݉௣௥௢௧, the mass of a neutron ݉௡, or the mass of Hydrogen ܪଵଵ .  
Therefore, an approximate average of ݉௣ ൌ 1.674 כ 10ିଶ଻ ݇݃ was used for the calculation.      
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for the value of the constant ܾ.  To date, all measurements of ܩ have been conducted at distances 
ݎ ൐ ݎ where ,݉ߤ5 ب ܽ.  Therefore, the exponential term can be replaced by a value of 1, 
leading to  lim௕՜଴ Ԧ௚ܨ ൌܨԦ௡, assuring that the two forces are indistinguishable at the distance 
range of interest when the value of ܾ is sufficiently small. The variation in the measurement of 
the gravitational constant ܩ (one part in 7000 for ݎ ൐ 20 ܿ݉ (Gillies, 1997)) can provide the upper 
bound of the constant ܾ by calculating the range of the acceptable deviation between the forces 
calculated by the UG and the Newtonian equations.  This level of variation in ܩ may be caused 
by the following: 

 1.  Measurement error- Since the gravitational force is significantly weaker than the 
electromagnetic force, the signal-to-noise ratio is low.  In addition, as there is no negative mass, 
the external gravitational fields cannot be masked out.  

2.  The presence of additional (relatively light) superheavy particles that interact 
according to equations 2-1-1 and 2-1-2, but do not dominate the interaction. 

3. Variation between the gravitational force and Newton’s equations when applied to 
ordinary matter. 

The failure to find an exact value of ܩ despite substantial improvements in measurement 
technology suggests that measurement error alone cannot entirely account for the deviation. As 
no stable SHP has ever been detected on the surface of Earth, the second option seems unlikely.  
Therefore, the variability of ܩ is presumably a consequence of the deviation of gravity from the 
Newtonian equation.  Finding the accurate value of ܾ requires a detailed analysis that takes into 
account the geometry of the specific experiment, as well as the fact that ordinary matter 
molecules contain electrons, protons and neutrons of different masses.  

As an example, assume that the experiment for measuring the gravitational constant ܩ is 
conducted by measuring the force between two identical homogeneous spheres of density ߩ (in 
units of number of molecules per cubic meter) with radius ܴ.  When measurements take place, 
the two centers of the spheres are ∆ meters apart along the ݔ axis.  Each molecule of the matter 
enclosed in the two spheres contains ݊ଵ protons of mass ݉ଵ, an average of ݊ଶ neutrons of mass 
݉ଶ (the number of neutrons must be averaged from all stable isotopes), and ݊ଷ electrons of mass 
݉ଷ (due to molecular neutrality ݊ଵ ൌ ݊ଷ).   
 According to Newton’s law, 
Equation 2-1-9a  

Ԧ௡ܨ ൌ
ீெమ

∆మ
ൌ

ீఘమ൬రయగோ
య൫∑ ௡೔௠೔

య
೔సభ ൯൰

మ

∆మ
   Ԧݔ 

 
while according to the UG theory, 
 

 

 



 

37 
 

Equation 2-1-9b  

Ԧ௚ܨ ൌ ଶߩܩ ቐ෍෍݊௜ ௝݊݉௜݉௝ ቎ න න න න න න ቈ
݁ି௔ ௥⁄

ଶݎ ቆܿݏ݋ ቆ
ܾ݉௜ ௝݉

ݎ ቇ

గ ଶ⁄

ఝୀିగ ଶ⁄

గ ଶ⁄

థୀିగ ଶ⁄

ଶగ

ణୀ଴

ଶగ

ఏୀ଴

ோ

௥మୀ଴

ோ

௥భୀ଴

ଷ

௝ୀଵ

ଷ

௜ୀଵ

െ
ܾ݉௜ ௝݉

ܽ  ݊݅ݏ ቆ
ܾ݉௜ ௝݉

ݎ ቇቇ  ቉ቑݎଵ̂ݎଶ݀ݎ݀ߠ݀ߴ݀߶݀߮݀ ߶ݏ݋ܿ ߮ݏ݋ଶଶܿݎଵଶݎ

 

where ݎ ൌ ൫ሺݎଵሬሬሬԦ െ ଶሬሬሬԦሻݎ · ሺݎଵሬሬሬԦ െ ଶሬሬሬԦሻ൯ݎ
ଵ ଶ⁄

ݎ̂ , ൌ ሺ௥భሬሬሬሬԦି௥మሬሬሬሬԦሻ
௥

, and  
ሺݎଵሬሬሬԦ െ ଶሬሬሬԦሻݎ ൌ ሺ∆ ൅ ߮ݏ݋ܿߴݏ݋ଶܿݎ െ ,߶ݏ݋ܿߠݏ݋ଵܿݎ ߮ݏ݋ܿߴ݊݅ݏଶݎ െ ,߶ݏ݋ܿߠ݊݅ݏଵݎ ߮݊݅ݏଶݎ െ  .ሻ߶݊݅ݏଵݎ
The terms ݎଵ,  ߠ and ߶ respectively provide the distance from the center, the azimuth and the 
elevation angles of the volume point within the first sphere, and ݎଶ, ߴ and ߮ are their 
counterparts in the second sphere.  As the two spheres are not in contact, ∆ must be larger than 
2ܴ and all possible pairs of particles split between the two spheres must be separated by a 
distance of at least  ∆ െ 2ܴ ب ܽ.  Therefore, the term ݁ି௔ ௥⁄  can be replaced by 1.  
Equation 2-1-9c  

  |∆ீ|
ீ
ൌ หிԦ೒ିிԦ೙ห

หிԦ೙ห
    

 
ீ∆ Ԧ௚ are given by equations 2-1-9a and 2-1-9b, and the calculatedܨ Ԧ௡ andܨ

ீ
 is consequently 

dependent on the value of the constant ܾ.  Therefore, the optimal value of ܾ can then be 
estimated by finding the range of values that provide the best fit between the calculated and 
measured ∆ீ

ீ
 at different values of ܴ and ∆.  It is clear from the discussion above that ∆ܩ should 

approach zero as ோ
∆
 approaches zero, as long as ∆ب ܾሺ݉ଶሻଶ ⁄ߨ  and ∆ب ܽ.  

In the absence of such an experiment, the value of ܾ could be estimated from the reported 
range of variation of the value of ܩ.  The gravitational contribution of an electron and the effect 
of the small difference between the proton and neutron masses are relatively small in comparison 
to the contribution of either a proton or a neutron. Therefore, the contribution of the electrons to 
the gravitational force is assumed to be negligible, while protons and neutrons are assumed for 
simplicity to have an equal mass of ݉௣ ൌ 1.674 כ 10ିଶ଻ ݇݃.  In addition, the distance ݎ must be 
between Δ െ 2ܴ ൏ ݎ ൏  Δ ൅ 2ܴ.  Using equations 2-1-9a, 2-1-9b and 2-1-9c for the case where 
ܾ݉௣

ଶ and ܴ are significantly smaller, but not negligible compared with the distance Δ, provides  
Equation 2-1-9d  

 |∆ீ|
ீ
ൎ ฬܿݏ݋ ൬௕௠೛

మ

∆
൰ െ ௕௠೛

మ

௔
 ݊݅ݏ ൬௕௠೛

మ

∆
൰ െ 1ฬ ൎ ቤ1 െ ൬௕௠೛

మ

∆
൰
ଶ
െ ൫௕௠೛

మ൯
మ

௔∆
െ 1ቤ ൑ ଵ

଻଴଴଴
   

 
Given that ∆ب ܽ or 1 ܽ ب 1 ∆⁄⁄ , 
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|∆ீ|
ீ
ൎ ቤ൫௕௠೛

మ൯
మ

௔∆
ቤ ൑ ଵ

଻଴଴଴
.    

 

Since the deviation in |∆ீ|
ீ

 can reach the value of 1 7000⁄  from time to time, ܾ should be of the 

order of ܾ ൎ √∆
௠೛మ

ቀ ௔
଻଴଴଴

ቁ
ଵ ଶ⁄

ൎ √∆
ሺଵ.଺଻ସכଵ଴షమళሻమ

ቀହ.଻כଵ଴
షభర

଻଴଴଴
ቁ
ଵ ଶ⁄

ൌ 1.02 כ 10ସହ√∆.  As typical high precision 

laboratory-based experiments were conducted at distances of the order of ∆ൎ 20 ܿ݉, the value 
of the constant ܾ is likely to be in the general range of ܾ ൎ 4.4 כ 10ସସ ݉/݇݃ଶ.  This estimated 
value is only an approximation, however, and may be off by as much as one to two orders of 
magnitude.  For the purpose of discussion, as the exact values of the constants ܽ and ܾ are not 
known, values of ܽ ൌ 5.7 כ 10ିଵସ and ܾ ൌ 0.9 כ 10ସସ ݉/݇݃ଶ will be assumed for the remainder 
of this book.  Furthermore, the gravitational contribution of the electrons and the effect of the 
small difference between proton and neutron masses will also be assumed to be insignificant.30  
Instead, a mass of ݉௣ ൌ 1.674 כ 10ିଶ଻ ݇݃ will be used for either a nucleon or the hydrogen 
atom ܪଵଵ .  The term “ordinary particle” (or “ordinary matter”) will be used throughout this book 
to refer to either a proton, a neutron or an electron (or to matter composed of these particles), 
while an ordinary particle of mass ݉௣ will refer specifically to either the hydrogen atom ܪଵଵ , a 
proton or a neutron.  An object composed of ordinary matter that contains one or more atoms or 
molecules with one or more nucleons will be regarded as having ܰ particles of mass ݉௣, where 
ܰ is the overall number of nucleons in the object.  Finally, for the remainder of this chapter, 
particle velocities will be assumed to be non-relativistic.  
 
Section II-1: The UG Gravitational Zones at Non-Relativistic Velocities 
 
According to equations 2-1-1 and 2-1-2, the UG interaction between a particle of mass ܯ at a 
given location and a second particle of mass ݉ divides the space surrounding the first particle 
into zones that define the force and potential energy acting on the second particle by the first at 
any location within this space. The equations below have been developed for the non-relativistic 
case to quantify the widths and boundaries of the zones, and to find where they reach a local 
maximum or minimum. 
  The local potential energy maxima and minima (where the force is equal to zero) are 
given by  
Equation 2-1-10   

ሬԦߘ ௚ܸ ൌ
߲ ௚ܸ

ݎ߲ ݎ̂ ൌ
ܯ݉ܩ
ଶݎ ݁௔ ௥⁄ ൬ܿݏ݋ ൬

ܯܾ݉
ݎ ൰ െ

ܯܾ݉
ܽ ݊݅ݏ ൬

ܯܾ݉
ݎ ൰൰ ݎ̂ ൌ 0 

 

                                                 
30 This is justified as the number of electrons must equal the number of protons (for reasons of electrical neutrality), and the mass 
of a proton is about 1,837 times heavier than the mass of an electron.  Similarly, the difference between the masses of protons and 
neutrons is only about 0.166% of the proton mass.     
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or 
Equation 2-1-11   

݊ܽݐ  ቀ௕௠ெ
௥
ቁ ൌ ௔

௕௠ெ
 

 
or 
Equation 2-1-12   

ܴ௡,௘௫௧ ൌ
௕௠ெ

௡గା௔௥௖௧௔௡ቀ ೌ
್೘ಾቁ

   for ݊ ൌ 0,1,2… 

 
with minima at even ݊ values and maxima at odd ݊ values.  Similarly, applying equation 2-1-1 
and the relation ௚ܸ൫ܴ௡,଴൯ ൌ 0 may provide the zero intersections ܴ௡,଴ of the potential energy 
function  ௚ܸ,  
 Equation 2-1-13 

௚ܸ ൌ െ
ܯ݉ܩ
ܽ ൬݁௔ ௥⁄ cos ൬

ܯܾ݉
ݎ ൰  െ1൰ ൌ 0 

 
or ࢙࢕ࢉ ൬ࡹ࢓࢈

૙,࢔ࡾ
൰ ൌ ࢇିࢋ ⁄૙,࢔ࡾ , thus 

Equation 2-1-14    

 ܴ௡,଴ ൌ
௕௠ெ

ଶ௡గേ௔௥௖௖௢௦ቆ௘
షೌ
ೃ೙,బቇ

  

For distances ܴ௡,଴ ب ܽ, ݁
షೌ
ೃ೙,బ ؆ 1, and therefore31 

Equation 2-1-15   

ܴ௡,଴ ؆
௕௠ெ
ଶ௡గ

, for ݊ ൌ 1,2… 
    
 A zone is defined as the area of space enclosed between a minimum curve and an immediate 
neighboring maximum curve.  Any zone ݊ା, refers to the zone situated between the minimum 
indexed ݊ and the maximum indexed ݊ ൅ 1, while any zone ݊ି refers to the zone situated 
between the same minimum ݊ and the maximum curve indexed ݊ െ 1.  The distance between 
two successive maxima or two successive minima can be found by using equation 2-1-12 for the 

usual case of ܽ ا ߨ݊ or for the case of ,ܯܾ݉ ب ߨ 2⁄ .  Since ቚܽ݊ܽݐܿݎ ቀ ௔
௕௠ெ

ቁቚ ൑ ߨ 2⁄ , 
 
 

                                                 
31 Note, however, that at ܽ ا ܴ௡,଴ ا

௕௠ெ
గ

 each zero is split into two very close consecutive zeroes, since the relatively large 
positive potential energy very briefly becomes negative, with a minimum coinciding with the relatively negligible Newtonian 
potential energy (see figures 2-4 and 2-5). 
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Equation 2-1-16   

∆ܴ௡,௘௫௧ ൌ ܴ௡,௘௫௧ െ ܴ௡ାଶ,௘௫௧ ൎ ቀܯܾ݉ ଵ
௡గ
െ ଵ

ሺ௡ାଶሻగ
ቁ ൌ ଶ௕௠ெ

௡ሺ௡ାଶሻగ
ൎ ଶோ೙,೐ೣ೟

ሺ௡ାଶሻ
՜ ଶோ೙,೐ೣ೟

௡
 as ݊ ՜ ∞           

 
Similarly, it can be shown that ∆ܴ௡,଴ ൎ

௕௠ெ
ଶ௡గ

െ ௕௠ெ
ଶሺ௡ାଵሻగ

ൌ ଶ௕௠ெ
ସ௡ሺ௡ାଵሻగ

ൌ ோ೙,బ
ሺ௡ାଵሻ

՜ ோ೙,బ
௡
  as ݊ ՜ ∞. 

Figures 2-3 to 2-6 illustrate the behavior of the function ௚ܸ (using equation 2-1-1) compared with 
the Newtonian gravitational potential at different distance ranges. As demonstrated in figure 2-3, 
the two functions are virtually identical at distances sufficiently greater than the first minimum 
(݊ ൌ 0), which according to equation 2-1-12 occurs at  
Equation 2-1-17a   

  ܴ଴ ൌ ௕௠ெ
௔௥௖ ௧௔௡ቀ ೌ

್೘ಾቁ
 

 
Below this point the behaviors of the UG and the Newtonian functions diverge substantially, as 
the UG potential Vg changes direction and begins to exhibit an oscillation pattern with ଵ

௥
.  

Initially, when  ݎ ب ܽ, the oscillation amplitude of the potential energy remains almost constant 
at a value close to ீ௠ெ

௔
.  As ݎ approaches or becomes smaller than the constant ܽ, both the 

amplitude and frequency of the oscillations increase sharply with the reduction of distance ݎ.  
Since the oscillation frequency approaches infinity as ݎ ՜ 0, the potential energy continues to 
alternate between rapidly growing positive and negative potentials, which converge 
exponentially into positive and negative infinities.  An infinite amount of energy is thus required 
to reduce the distance between the two particles to zero.  Therefore, the particles can never 
“meet,” and singularity is avoided. If proven correct, this will have a profound effect on the 
concept of black holes (black holes will be discussed in section VII-2).  ܴ଴, defined above as the 
distance of the first minimum, serves as an indicator for how close the two particles must be from 
each another before their gravitational interaction begins to deviate strongly from the classical 
Newtonian behavior and proceeds into a pattern of sinusoidal zones.  For its significance, the 
distance ܴ଴ will be referred to as the zonal range of the particles. In the case of two objects 
consisting of many types of particles, the zonal range between the heaviest particle in each object 
will be defined as the maximal zonal range of the objects.  For example, in the comparison 
between ܨ௚ and ܨே in figure 2-8, we can observe that sufficiently far beyond the zonal range 
distance ܴ଴, the UG and the Newtonian forces are indistinguishable.  In other words, starting at 
somewhat beyond their zonal range ܴ଴, the force between a pair of superheavy particles of mass 
 ݎ and ݉ is equivalent to the force between two objects that are positioned at the same distance ܯ
from each other, where the first object is composed of  

ெ
௠೛

 ordinary particles and the second 

object consists of ௠
௠೛

 ordinary particles. This, however, is not the case for distances within the 

particles’ zonal range.  For larger superheavy particles of mass ܯ, which will be shown to be 
capable of generating planetary rings, ܾ݉௣ܯ ب ܽ.  The SHP zonal range with ordinary particles 
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ܴ଴ is given by equation 2-1-17a and is inversly proportional to ܽܿݎ ݊ܽݐ ൬ ௔
௕௠೛ெ

൰.  In cases where 

ܾ݉௣ܯ ب ܿݎܽ ,ܽ ݊ܽݐ ൬ ௔
௕௠೛ெ

൰ is very small, and the SHP zonal range ܴ଴ is located at an 

extremely large distance from the central core of the planet (see equation 2-1-17a), significantly 
beyond the distance where the UG potential energy oscillations cease.  The amplitude at this 
zonal minimum is also negligible.  For this reason, a second important distance, termed the zonal 
oscillation range is defined as the radius of the first maximum (݊ ൌ 1) given by 
Equation 2-1-17b   

  ܴଵ ൌ ܯܾ݉
ቀ݊ܽݐܿݎ൅ܽߨ ܽ

ቁܯܾ݉
 

 
where the potential energy becomes virtually ଶீெ௠

௔
. 

 

       
Figures 2-8 and 2-9: A comparison between the UG force and the Newtonian gravitational force, given the same parameters 
used in figures 2-3 to 2-6.  The two functions converge at about ݎ ൐ 10ଵ଴ ݂݉ (10ିହ ݉).   
 
Section II-2: Superheavy Particles Embedded in Ordinary Matter 
 

According to the UG equation, a single massive superheavy particle embedded in a large 
amount of ordinary matter can completely dominate a significant amount of the surrounding 
region, yet remain completely undetected at very long or short-range distances.  In order to 
demonstrate this concept, consider the following example of a hypothetical object composed of 
10ଷ଴ ordinary particles of particle mass ݉௣ ൌ 1.674 כ 10ିଶ଻ ݇݃ arranged in spherically 
symmetric distribution within a distance ܴ of a single superheavy particle of mass ܯ ൌ
10ିଵଷ ݇݃.  Figures 2-10 and 2-11 provide the comparison between the absolute value of the 
contribution of the 10ଷ଴ ordinary particles and the contribution of the single SHP of mass 
10ିଵଷ ݇݃ to the potential energy of a given ordinary particle at a distance ݎ ൐ ܴ.  At distances 
significantly greater than the SHP zonal range with ordinary matter, where the UG equation and 
the Newtonian equations converge, the overall larger mass of the ordinary matter dominates the 
interaction, and the SHP effect is completely negligible (smaller by a factor of 1.674 כ 10ଵ଻).  
As ݎ reduces to below about 243 ݇݉, the superheavy particle contribution begins to dominate. 
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The SHP dominance peaks at the ݊ ൌ 1 maximum, where its contribution becomes about 18.7 
times larger than the contribution of ordinary particles. As ݎ reduces below 280.4 ݉, the ratio 
 falls to a level at which the SHP effect is diminished by the excessive mass of ordinary ܽ/ݎ
particles, and the ordinary matter contribution once again becomes dominant.  As ݎ continues to 
drop, the contribution of the superheavy particle becomes completely negligible, as long as ݎ 
remains greater than ܴ.   

 

 
Figure 2-10: A comparison between the inverted contribution of 10ଷ଴ ordinary particles and the contribution of a single SHP of 
mass 10ିଵଷ ݇݃ to the potential energy of an ordinary particle at distance ݎ (ݔ axis).  The ordinary particles clearly dominate at 
distances ݎ ൏ 280 ݉, while the SHPs begin to dominate at ݎ ൐ 280 ݉.  

 

 
Figure 2-11: Using the same parameters as figure 2-10, the SHP dominance is terminated at 243.3 ݇݉, as ordinary matter begins 
to dominate the interaction at larger distances. 
 

Between those extreme circumstances, however, there is a third condition of a “nearly 
Newtonian environment.”  This environmental classification is comprised of ordinary matter and 
superheavy particles, where the distances between objects are adequately large that the SHP 
effect is detectable, but can be treated as a small perturbation to the Newtonian equations (an 
example of this is the formation of planetary rings, discussed in Chapter V).  A relatively simple 
way to estimate whether a cosmological system is a “nearly Newtonian environment” is to verify 
that the orbital motions of its bodies are in accordance with Kepler’s laws of motion.  The 
interactions between the Sun, planets, and other objects in our Solar System, for instance, are 

Contribution of a single SHP of 10ିଵଷ ݇݃  

Contribution of ordinary particles 

Contribution of ordinary particles 

Contribution of a single SHP 
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included in the “nearly Newtonian” class.  However, in the case of galaxies, or deep inside stars, 
planets or large satellites, the environment can depart significantly from being “nearly 
Newtonian.” 

The UG interaction between two objects can be broken down to the sum of two distinct 
groups according to the following equation: 
Equation 2-1-18    

௚ܸ ൌ െ
ܩ
ܽ෍ ෍ ቈܯ௜ܯ௝ሺ݁௔ ௥⁄ ݏ݋ܿ ቆ

௝ܯ௜ܯܾ

ݎ ቇ െ 1ሻ቉
௝௜

ൌ ቈ
െܩ ∑ ௜௜ܯ ൫ܯ௅ െ ∑ ௝೔௝೔ܯ ൯

ݎ ቉ െ
ܩ
ܽ෍ ෍ ቈܯ௜ܯ௝೔ ቆ݁

௔ ௥⁄ ݏ݋ܿ ቆ
௝೔ܯ௜ܯܾ
ݎ ቇ െ 1ቇ቉   

௝೔௜
 

 
where the first summation of index ݅ includes all of the particles in the first object, where the 
summation of index ݆ includes all of the particles in the second object, and where the summation 
on ݆௜ includes only the object 2 particles of mass ܯ௝೔ that are within ten times of their oscillation 
zonal range with the particle ܯ௜ (and therefore, does not include particles of the second object 

which comply with  ݎ ൐ ଵ଴௕ெ೔ெೕ

గ
 or ܯ௝ ൏

గ௥
ଵ଴௕ெ೔

 ).32  Combined with the requirement that ݎ ب ܽ, 

the contributions to the UG potential energy of all pairs of particles ݅ of object 1 and particles ݆ 
of object 2 that are not in the ݆௜ sub-group are reduced to approximately their Newtonian 
interactions.  As the overall mass of this group is equal to ܯ௅ െ ∑ ௝೔௝೔ܯ , where ܯ௅ represents the 
total mass of the larger object 2, their overall contribution can be replaced by the first term of 
equation 2-1-18.  While the first term describes a classical Newtonian gravitational potential, the 
second term includes the interactions of all pairs for which their calculated UG contribution to 
the potential energy of the first object departs significantly from their calculated Newtonian 
contribution. A similar approach can be taken to calculate the UG force, where 
Equation 2-1-19   

Ԧ௚ܨ  ൌ ሬԦߘ ௚ܸ ൌ
߲ ௚ܸ

ݎ߲ ݎ̂ ൌ
ܩ ∑ ௜௜ܯ ൫ܯ௅ െ ∑ ௝೔௝೔ܯ ൯

ଶݎ ݎ̂ ൅ 

 

൅ ܩ෍ ෍ቈ
௝೔ܯ௜ܯ
ଶݎ ݁௔ ௥⁄ ሺܿݏ݋ሺ

௝೔ܯ௜ܯܾ
ݎ ሻ െ

௝೔ܯ௜ܯܾ
ܽ ሺ݊݅ݏ

௝೔ܯ௜ܯܾ
ݎ ሻሻ̂ݎ቉

௝೔
௜

 

In the present case, both conditions of  ௕ெ೔ெೕ

௥
൏ and ൫௕ெ೔ெೕ൯  10/ߨ

మ

௔௥
൏ 0.1 (or ܯ௝ ൏

గ௥
ଵ଴௕ெ೔

 and 

௝ܯ ൏
ሺ௔௥ሻభ మ⁄

ଵ଴௕ெ೔
) are required in order for the particle ݆ of object 2 to be in the first term of equation 

2-1-19.  The main benefit of distinguishing between the two terms is that the linear Newtonian 

                                                 
32 The number 10 was arbitrarily selected.  The value needs to be sufficiently large to allow the convergence of the UG and 
Newtonian potentials within the required level of accuracy. 
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term is in compliance with important Newtonian properties, specifically Newton’s shell theorem, 
which states the following:  

1.  A spherically symmetric body affects external objects gravitationally as though all of its mass 
were concentrated at its center point. 

2.   An object inside a spherically symmetric shell feels no gravitational force exerted by the 
shell, regardless of the object’s location within the shell. 

3.   Within a solid sphere of constant density, the gravitational force varies linearly with distance 
from the center, becoming zero at the center of the mass. 

While the shell theorem holds true when applied to the first term ( 
ீ ∑ ெ೔೔ ቀெಽି∑ ெೕ೔ೕ೔ ቁ

௥మ
 the shell ,(ݎ̂

theorem does not hold true for the general UG force, and therefore does not hold true for the 
second terms of equations 2-1-18 and 2-1-19.  In summary, when the second terms of equations 
2-1-18 and 2-1-19 are small relative to the first Newtonian terms, but still detectable, the 
gravitational interaction between the two objects can be classified as “nearly Newtonian”33  

Although equation 2- 1-12 provides the minima ܴ௡,௠௜௡ ൌ ܴ௡,௘௫௧ (for even ݊) of the ௚ܸ   
potential energy, the smaller object can become trapped exactly at a minimum only if its velocity 
 is equal to zero.  In the more general case, where the small object velocity is not zero, the orbit ݒ
will deviate slightly outward from the calculated circular radii of the potential ௚ܸ minima.  For 
example, consider the gravitational interaction between a large, spherically symmetric object of 
mass ܯ௅, and a significantly smaller spherically symmetric object of mass ܯ௦  traveling in 
circular orbit around the large object at non-relativistic velocity. The larger object is assumed to 
consist of ܰெ identical superheavy particles of mass ܯ residing in a relatively small core at the 
center of the object, and of ordinary particles of particle mass ݉௣ and an overall total ordinary 
particle mass of ܯ௅௣ ൌ ሺܯ௅ െ ܰெܯሻ distributed throughout the object in a spherically 
symmetric form. Similarly, the small orbiting object is assumed to consist of ܰ௠ identical 
particles of particle mass ݉ and a total mass of Ms ൌ ܰ௠݉.  The circular orbital radius ݎ is 
assumed to be much greater than the sum of the radius of the small object, the radius of the large 
object, and the zonal range between the particles of masses ݉ and ݉௣.  Since the orbit is 
assumed to be circular,34 
Equation 2-1-20   

 

௚ܨ ൌ
ଶݒௌܯ

ݎ  
 

                                                 
33 The process applied here, of separating the contribution of the interaction into a Newtonian term and a non-Newtonian term 
under the assumption that ordinary matter is positioned in spherically symmetric distribution within either or both objects, 
significantly reduced the complexity of the equations.  Therefore, this approach will often be used in the following chapters.  
34  The assumption of a circular orbit is very reasonable, given that at non-relativistic velocities the minima contours of the UG 
potential energy are spherically symmetric with steep slopes. 
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Therefore, the kinetic energy ࢀ of the small object is given by 
Equation 2-1-21    

ܶ ൌ
1
ଶݒௌܯ2 ൌ

1
2  ௚ܨݎ

 
and the overall sum of the small object potential and kinetic energies is provided by 
Equation 2-1-22    

ܧ ൌ ௚ܸ ൅ ܶ ൌ ௚ܸ ൅
1
2  ௚ܨݎ

 
Substituting the number of particles in each object and their respective masses into equations 2-
1-18 and 2-1-19 yields 
Equation 2-1-23    

௚ܸ ൌ െ ீ
௔
∑ ∑ ቂܯ௜ܯ௝ሺ݁௔ ௥⁄ ݏ݋ܿ ቀ

௕ெ೔ெೕ

௥
ቁ െ 1ሻቃ௝௜   

 

ൌ െீ
௔
݉ܰ௠ܰܯெሺ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ െ 1ሻሻ െ ீ

௔
݉ܰ௠݉௣ܰ௠೛ሺ݁

௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛௠
௥

ቁ െ 1ሻሻ  

 
Since ݎ is assumed to be much larger than both ܽ and the zonal range between particles of 

mass ݉ and ݉௣ (therefore ݁௔ ௥⁄ ൎ 1 ൅ ௔
௥
 and ܿݏ݋ ቀ௕௠೛௠

௥
ቁ ൎ 1), and since both objects are 

assumed to contain a spherically symmetric distribution of matter,  
Equation 2-1-24    

௚ܸ ൌ െ
ܩ
ܽ ݉ܰ௠ܰܯெሺ݁

௔ ௥⁄ ݏ݋ܿ ൬
ܯܾ݉
ݎ ൰ െ 1ሻሻ െ

௠݉௣ܰ௠೛ܰ݉ܩ

ݎ  

 
or using ݉௣ܰ௠೛ ൌ ሺܯ௅ െܰܯெሻ, 
Equation 2-1-25    

௚ܸ ൌ െ
ܩ
ܽ ݉ܰ௠ܰܯெሺ݁

௔ ௥⁄ ݏ݋ܿ ൬
ܯܾ݉
ݎ ൰ െ 1ሻሻ െ

௅ܯ௠ሺܰ݉ܩ െܰܯெሻ
ݎ  

 
Similarly, the force can be derived from equation 2-1-19, leading to 
Equation 2-1-26   

Ԧ௚ܨ ൌ
௅ܯ௠ሺܰ݉ܩ െܰܯெሻ

ଶݎ ݎ̂ ൅
ெܰܯ௠ܰ݉ܩ

ଶݎ ݁௔ ௥⁄ ሺܿݏ݋ሺ
ܯܾ݉
ݎ ሻ െ

ܯܾ݉
ܽ ሺ݊݅ݏ

ܯܾ݉
ݎ ሻሻ̂ݎ 

 
Substituting equations 2-1-25 and 2-2-26 into equation 2-1-22, 
Equation 2-1-27    

ܧ ൌ ீ௠ெேಾே೘
ଶ௥

݁௔ ௥⁄ ቂܿݏ݋ ቀ௕௠ெ
௥
ቁ െ ௕௠ெ

௔
݊݅ݏ ቀ௕௠ெ

௥
ቁቃ െ ீ௠ே೘ெேಾ

௔
ቂሺ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ െ 1ሻቃ ൅ ௅ܯ௠ሺܰ݉ܩ െ

ெሻܰܯ ቀ
ଵ
ଶ௥
െ ଵ

௥
ቁ  
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leading to 
Equation 2-1-28   

ܧ ൌ ெܰ௠ܰܯ݉ܩ ൜݁௔ ௥⁄ ൤൬
1
ݎ2 െ

1
ܽ൰ ݏ݋ܿ ൬

ܯܾ݉
ݎ ൰ െ

ܯܾ݉
ݎ2ܽ ݊݅ݏ ൬

ܯܾ݉
ݎ ൰൨ ൅

1
ܽൠ െ ௠ܰ݉ܩ ൬

௅ܯ െܰܯெ
ݎ2 ൰ 

 
Thus, 
Equation 2-1-29   
 
 డா
డ௥
ൌ ீ௠ெேಾே೘

௥మ
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ଶ௥మ
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௥
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ଶ௥
െ ଵ

௔
ቁ ቀି௕௠ெ

௥మ
ቁ ቀെ݊݅ݏ ቀ௕௠ெ

௥
ቁቁቃ+ 

 

൅ܰܯ݉ܩெܰ௠݁௔ ௥⁄ ൤
ܯܾ݉
ଶݎ2ܽ ݊݅ݏ ൬

ܯܾ݉
ݎ ൰െ൬

ܯܾ݉
ݎ2ܽ ൰ ൬

െܾ݉ܯ
ଶݎ ൰ ሺݏ݋ܿ

ܯܾ݉
ݎ ሻ൨൅ܰ݉ܩ௠ ൬

௅ܯ െܰܯெ
ଶݎ2 ൰ 

 
= ீ௠ெேಾே೘

௥మ
݁௔ ௥⁄ ቂቀ1 െ ௔

ଶ௥
ቁ െ ଵ

ଶ
൅ ሺ௕௠ெሻమ

ଶ௔௥
ቃ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ൅ 

 
+ ீ௠ெேಾே೘

௥మ
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൅ ቀ ଵ
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െ ଵ

௔
ቁ ܯܾ݉ ൅ ௕௠ெ

ଶ௔
ቃ ݊݅ݏ ቀ௕௠ெ

௥
ቁ ൅ܰ݉ܩ௠ ቀ

ெಽିெேಾ
ଶ௥మ

ቁ 
 

డா
డ௥

= ீ௠ெேಾே೘
௥మ
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ଶ
ቀ1 െ ௔

௥
൅ ሺ௕௠ெሻమ

௔௥
ቁቇ ݏ݋ܿ ቀ௕௠ெ

௥
ቁ ൅ ቀଵܯܾ݉

௥
െ ଵ

ଶ௔
ቁ ݊݅ݏ ቀ௕௠ெ

௥
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ଶ௥మ

ቁ 

 
If the large object does not consist of any ordinary particles (ܯ௅௣ ൌ ሺܯ௅ െ ܰெܯሻ ൌ 0), the orbit 
will comply with the following equation: 
  
ܧ߲
ݎ߲ ൌ 0 ՜ ሺ݊ܽݐ

ܯܾ݉
ݎ ሻ ൌ

ݎܽ െ ܽଶ ൅ ሺܾ݉ܯሻଶ

ሺݎ െ 2ܽሻܾ݉ܯ  

 
or   
Equation 2-1-30        

ݎ ൌ
ܯܾ݉

ߨ݊ ൅ ܿݎܽ ݊ܽݐ ൬ܽݎ െ ܽଶ ൅ ሺܾ݉ܯሻଶ
ሺݎ െ 2ܽሻܾ݉ܯ ൰

 

 
To calculate the closest maximum or minimum in the vicinity of 2ܽ, 
Equation 2-1-31   

ݎ  ؆ 2ܽ ؆ ௕௠ெ
ሺ௡మೌേ

భ
మሻగ

 

 
In cases where ݎ ا ܽ,   
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Equation 2-1-32    

ݎ ؆ ௕௠ெ

௡గା௔௥௖ ௧௔௡ቀ ೌ
మ್೘ಾି

್೘ಾ
మೌ ቁ

   

 
When ݎ ا ܽ and ܾ݉ܯ ب ܽ, 
Equation 2-1-33    

ݎ ؆
ܯܾ݉

ߨ݊ െ ܿݎܽ ݊ܽݐ ቀܾ݉2ܽܯ ቁ
؆

ܯܾ݉
ሺ݊ െ 1 2⁄ ሻߨ 

 
When ݎ ا ܽ and ܾ݉ܯ ا ܽ, 
Equation 2-1-34    

ݎ ؆
ܯܾ݉

ߨ݊ ൅ ܿݎܽ ݊ܽݐ ቀ ܽ
ቁܯ2ܾ݉

؆
ܯܾ݉

ሺ݊ ൅ 1 2⁄ ሻߨ 

 
In cases where ݎ ب ܽ, 
Equation 2-1-35    

ݎ  ؆ ௕௠ெ

௡గା௔௥௖ ௧௔௡ቀ ೌ
್೘ಾା

್೘ಾ
ೝ ቁ

     

 
When ݎ ب ܽ and ܾ݉ܯ ب ܽ, 
Equation 2-1-36    

ݎ ؆
ܯܾ݉

ߨ݊ ൅ ܿݎܽ ݊ܽݐ ቀܾ݉ݎܯ ቁ
 

 
When ܾ݉ܯ ب ݎ ب ܽ, 
Equation 2-1-37     

ݎ ؆
ܯܾ݉

ሺ݊ ൅ 1
2ሻߨ

 

 
 However, in most cases the overall mass of ordinary matter is expected to exceed the 
total SHP mass, or   ܯ௅ ب  ,ெ.  At distances far greater than the size of an atom nucleusܰܯ
ݎ ب ܽ  ՜ ܽ ⁄ݎ ا 1, and  ݁௔ ௥⁄  can be replaced by 1.  Therefore, equation 2-1-29 will become  
Equation 2-1-38    

ܧ߲
ݎ߲ ൌ 0 ՜ ቆ1 ൅

ሺܾ݉ܯሻ
ݎܽ
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ܯܾ݉
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௅ܯ

ெܰܯ
ൌ 0 
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For the usual case of ௕௠ெ
௔

ب 1 and ௕௠ெ
௥

൐ 1 (where the orbiting object is within the zonal 
oscillation range), this equation reduces to  
Equation 2-1-39    

ܧ߲
ݎ߲ ൌ 0 ՜

ܯܾ݉
ݎ ݏ݋ܿ ൬

ܯܾ݉
ݎ ൰ െ݊݅ݏ ൬

ܯܾ݉
ݎ ൰ ൌ െ

௅ܯܽ

ଶܰெܯܾ݉
 

 
The case of ࡸࡹࢇ

ࡹࡺ૛ࡹ࢓࢈
ا ૚: 

 

In the case of ௔ெಽ
௕௠ெమேಾ

ا 1 equation 2-1-39 leads to ௕௠ெ
௥
ݏ݋ܿ ቀ௕௠ெ

௥
ቁ െ ݊݅ݏ ቀ௕௠ெ

௥
ቁ ൎ 0 or to the 

same conclusion as in equation 2-1-36 
Equation 2-1-40    

ܴ௡,௘௫௧ ൎ
௕௠ெ

௡గା௔௥௖௧௔௡൬ ್೘ಾ
ೃ೙,೐ೣ೟

൰
 where ݊ ൌ 0, 1, 2…  

 
with minima at even ݊ values and maxima at odd ݊ values.  Thus minima occur at 
 ܴଶ௡,௘௫௧ ൎ

௕௠ெ

ଶ௡గା௔௥௖௧௔௡൬ ್೘ಾ
ೃ೙,೐ೣ೟

൰
, where ݊ ൌ 0, 1, 2…  

 
The case of ࡸࡹࢇ

ࡹࡺ૛ࡹ࢓࢈
ب ૚: 

 

In the case of ௔ெಽ
௕௠ெమேಾ

ب 1, the ݊݅ݏ ቀ௕௠ெ
௥
ቁ term in equation 2-1-39 is negligible (as 

ቚ݊݅ݏ ቀ௕௠ெ
௥
ቁቚ ൏ 1 ا ௔ெಽ

௕௠ெమேಾ
 , thus 

 
Equation 2-1-41    

ݏ݋ܿ ቀ௕௠ெ
௥
ቁ ൎ െ ௔ெಽ௥

ሺ௕௠ሻమெయேಾ
     

 
Consequently, minima and maxima occur at  
Equation 2-1-42   

௡ݎ  ൌ
௕௠ெ

ሺଶ௡ାଵሻగേ௔௥௖௖௢௦ሺటሻ
   

where ߰ ൌ ௔ெಽ 
ሺ௕௠ሻమெయேಾ

௡ݎ ൐ 0 and ݎ௡ ا ݊ or ܯܾ݉ ب 1, and where minima occur at the 

௡ݎ  ൌ
௕௠ெ

ሺଶ௡ାଵሻగି௔௥௖௖௢௦ሺటሻ
. 
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  Equation 2-1-41 can be solved only if 0 ൑ ߰ ൑ 1.  Therefore, for minima (and maxima) 
to occur, the distance ݎ must comply with 
 
Equation 2-1-43 

࢘ ൑
ሺ࢓࢈ሻ૛ࡹ૜ࡹࡺ

ࡸࡹࢇ
 

 Note that since ߰ ൒ 0, the arccosine term is limited to the range 0 ൑ ሺ߰ሻݏ݋ܿܿݎܽ ൑ ߨ 2⁄  
and ݈݅݉௥՜଴ ሺ߰ሻݏ݋ܿܿݎܽ ൌ ݈݅݉௡՜ஶ ሺ߰ሻݏ݋ܿܿݎܽ ൌ ሺ0ሻݏ݋ܿܿݎܽ ൌ ߨ 2⁄ .  Additionally, equation 2-1-
41 becomes accurate only where ݊ ب 1. As ݊ ՜ ௡ݎ ,∞ ՜ 0 Therefore, for all practical purposes, 
if the condition of equation 2-1-42 is fulfilled, the minima are expected to occur at  
Equation 2-1-44 

௡ݎ ՜  
௡՜ஶ

௕௠ெ
ሺଶ௡ାଵ ଶ⁄ ሻగ

   

 
As a reminder, the given scenario assumes that ݊ ب 1, ܽ ا ௅ܯ  ௡ݎ ب   ,ெܰܯ

࢔࢘ ൑
ሺ࢓࢈ሻ૛ࡹ૜ࡹࡺ

ࡸࡹࢇ
, and that ࡸࡹࢇ

ࡹࡺ૛ࡹ࢓࢈
ب ૚.  

The case of ࡸࡹࢇ
ࡹࡺ૛ࡹ࢓࢈

ൎ ૚ 

In cases of ௔ெಽ
௕௠ெమேಾ

ൎ 1, equation 2-1-39 leads to ቚܿݏ݋ ቀ௕௠ெ
௥
ቁቚ ൌ ቚ ௥

௕௠ெ
ቀ݊݅ݏ ቀ௕௠ெ

௥
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௔ெಽ
௕௠ெమேಾ

ቁቚ ൑ ଶ௥
௕௠ெ

ا 1.  Therefore, ቚܿݏ݋ ቀ௕௠ெ
௥
ቁቚ ൎ 0, and consequently, for an integer ݊ ب 1, 

௡ݎ ൎ
௕௠ெ

ሺ௡ାଵ ଶ⁄ ሻగ
 , where minima occur at approximately ݎ௡ ൎ

௕௠ெ
ሺଶ௡ାଵ ଶ⁄ ሻగ
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Chapter III: The UG equations of Astronomical Objects 
 
Section III-1: The UG Morphology Model- The Non-Relativistic Approach 
  

The goal of this chapter is to develop the equations and tools required for the application 
of the UG theory to the quantitative analysis of large astronomical objects, such as galaxies and 
nebulae.  For convenience, the reader should keep in mind that throughout this chapter, the term 
“galaxy” will be broadened to refer to galaxies as well as all types of nebulae, and that the tools 
and equations developed here are general, and are not limited to galaxies and nebulae.  The same 
tools and equations will be applied in later chapters for the analysis of cosmic voids, planetary 
rings, as well as to additional astronomical phenomena. 

The UG theory is rooted in the assumption that the dominant superheavy particles in a 
galaxy are produced in areas of extremely high pressure and temperature, and are therefore most 
likely to be situated at the center, or in orbits at close proximity to the center of the galactic 
bulge.  Each of these superheavy particles can be viewed as part of a point-like group, where a 
“group” is defined as either a single SHP, or a tight group of SHPs of the same mass that share 
the same orbit, location and velocity.35  Note that the superheavy particles within a single group, 
or within different SHP groups, are prevented from collapsing into each other by the UG 
rejection zones generated between them.36   

Although there is no reason to assume that a galaxy center should contain only a single 
type of SHP, it will be demonstrated via the UG theory that even simple configurations can 
explain a large portion of the observed galactic morphologies.  Figure 3-1 provides a schematic 
of the two simplest interactions possible between an object composed of ordinary particles 
located within the galaxy plane at time ݐ଴ and superheavy particles arranged in either a single or 
binary grouping.  Figure 3-1a demonstrates the interaction between the object and a single SHP 
group orbiting in circular motion of radius ܣ and constant angular velocity ݓ around the center 
of the galaxy.  Figure 3-1b presents the interaction between the object and a binary grouping of 
identical superheavy particles in circular orbit of radius ܣ around the center of the galaxy.37  It 
will be demonstrated that the morphology of a galaxy is determined mainly by the velocities and 
orbital radii of the dominant SHP groups, while the size of the galaxy is determined mainly by 
the mass of the dominant SHP type, and to a lesser degree by their velocity.38 

 
     
                                                 
35 Note that more than one SHP group can share the same space, orbit and velocity.  This may occur when superheavy particles of 
different masses are bonded together to form a single object.   
36 While the zonal maxima are the main elements preventing the different individual superheavy particles from collapsing into 
each other, the conservation of angular momentum also plays a role. 
37 Note that there is a distinction between binary SHP groups and any two groups arbitrarily selected.  Binary SHP groups share 
the same orbit, and are always co-linear with the center of the galaxy.  Therefore, in the case of binary SHPs, if the spherical 
coordinates of the first group at any given time ݐ are ሺܣ, ,ߠ 0ሻ, the coordinates of the second group at time ݐ must be ሺܣ, ߠ ൅ ,ߨ 0ሻ. 
In contrast, in the case of two arbitrary groups, the second group can be located almost anywhere. 
38 The dominant SHP types are those which exert the greatest effect on the local morphology or on the properties of the galaxy.  
Whether a specific type of SHP is dominant in a given area of the galaxy depends on the SHP mass and prevalence relative to 
other SHPs, on the location of the given area, and on the velocity and distribution of the superheavy particles.  
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Figure 3-1a     Figure 3-1b 

        
Figure 3-1:  Provides a schematic of the two simplest interactions possible between an object composed of ordinary particles 
located within the galaxy plane at time ݐ଴ (represented by the red point) and SHPs arranged in either a single or binary grouping. 
Figure 3-1a demonstrates the interaction between the object and a single group orbiting in circular motion of radius A and 
constant speed around the center of the galaxy.  Figure 3-1b presents the interaction between the object and binary SHP groups in 
circular motion of radius A around the galactic center. The small open circles (cyan) denote the locations of the  SHP groups at 
time t଴, while the full circles (blue) provide the given SHP locations at time t଴ െ r୧/c, where  r୧/c provides the time required for 
the gravitational signal to travel from the ݅௧௛ SHP group to the remote particle at distance r୧.  This delay will be demonstrated to 
play an important role in creating the spiral structure.  

 
For simplicity, the provided analysis of galactic morphology will be guided by the following 

assumptions: 
 
1. The unified gravitational formula of the UG potential energy between two interacting 

fundamental particles moving at non-relativistic speeds relative to the center of the 
galaxy is given by equation 2-1-1, 
  

௚ܸ ൌ െ
ܯ݉ܩ
ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬

ܯܾ݉
ݎ ൰  െ1൰ 

 
2. A free-falling frame of reference that covers the entire spacetime of a galaxy during the 

local time of the entire period of observation39 can be regarded as an inertial frame of 
reference.  This assumption is in line with the conclusion of the currently accepted 
cosmological model, which states that the effects of general relativity are negligible on 
the scale of galaxies and galactic clusters.40 41  A convenient choice for an inertial frame 

                                                 
39  The observation time is the period of time observed from the point of view of the galaxy, rather than the time measured by the 
observer.  As the observed galaxy is located far from Earth, the detected radiation must have been emitted long ago (for example, 
several billions years ago).  In addition, the radiation detected on Earth is redshifted, since at the time of emission the galaxy was 
moving away from Earth at high speed relative to our galaxy.  Therefore, from the point of view of the observer on Earth, the 
local clock on Earth runs faster than the same clock in the observed galaxy.  The time period studied from the inertial frame of 
the galaxy should thus be shorter than the length of time perceived by earthbound observation. 
40 See sections VII-1 to VII-3.  
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is to set the origin of the frame at the center of the galaxy.  For the case of a flat galactic 
disk, the ݖ axis of the frame can be chosen to be perpendicular to the galactic plane.  This 
specific inertial frame of reference will be referred to as frame ܵ. 

3. On their journey from the galaxy to the observer on Earth, photons pass through the 
gravitational fields of other galaxies.  Therefore, the trajectories of the photons may be 
bent by gravitation, causing a distortion in the perceived morphology of the galaxy via 
gravitational lensing.  The present discussion will be limited to cases where gravitational 
lensing is too small to significantly affect the perceived morphology of the galaxy. 
 
Radiation redshift, due either to the speed of the observed galaxy relative to the observer, 

or due to gravitation, affects the wavelength and frequency of galactic radiation, but not the 
perceived morphology of the galaxy.  In addition, the second and third assumptions allow the 
analysis of galactic morphology to ignore possible distortions due to external gravitational 
effects on the galaxy, on the observer, or on the spacetime anywhere along the path of the 
radiation emitted by the galaxy and intercepted by the observer, and to instead rely exclusively 
on the UG theory and on special relativity within the limits of the given galaxy.42    

To further simplify the analysis, the discussion will be restricted to galaxies with the 
following properties: 

4. The galaxy center contains either a single SHP group or a binary grouping in circular 
orbit of radius ܣ around the galaxy center, where the group(s) consist of a single type of 
superheavy particles of identical mass.   

5. The observer views the galaxy face-on. 
6. Due to its rotation, the galaxy is confined to a flat disk with negligible depth, designated 

as the ݖ ൌ 0 plane of the inertial frame ܵ. 
7. Tidal forces and other external influences of nearby galaxies are relatively small and can 

be ignored. 
8.  The diameter of the galaxy is very small relative to its distance from the observer.   
9. The orbiting objects are composed of ordinary matter, and their size is negligible relative 

to their radius of orbit around the galaxy center.  
10. The orbital radii of the objects are significantly greater than the distance between the SHP 

group(s) and the center of the galaxy. 
 
The above limitations serve to reduce mathematical complexity, and to focus the 

discussion on the most important factors that influence galaxy morphology.  There is nothing 
preventing the use of the same tools developed here for the case of more complex galaxies that 
may involve multiple SHP types contained in a number of groups, or for galaxies that are viewed 
                                                                                                                                                             
41 This assumption does not hold true in the immediate vicinity of a collapsed star, such as a neutron star or a black hole.  
42 Strong external gravitational fields applied on the galaxy create tidal forces.  Therefore, in the presence of strong external 
gravitational fields, no single inertial frame can cover the entire galaxy.  The influence of substantial external gravitational fields 
on the spacetime along the path of the radiation will result in a gravitational lensing effect, which may distort the observed 
morphology of the galaxy.  In addition, strong external gravitation applied on the observer will result in strong accelerations, and 
may cause additional morphology distortions.   
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at different orientations (other than face-on observation), or for cases where the galaxies are 
influenced by external galaxies, or where the orbiting matter is composed of SHPs as well as 
ordinary particles.  The same types of tools can also be used for the analysis of stellar and 
planetary systems, and will be applied in Chapter V for the more complex analysis of Saturn’s 
rings.   

In principle, the effective distance photons travel on their way from the emitting atom 
within the galaxy toward the observer depends on the location of the galaxy and on its relative 
velocity compared to the observer as well as on the velocity and the location of the emitting atom 
within the galaxy.43  Given assumptions 5, 6 and 8 we are assured that the velocity of the particle 
that emitted an observed photon is perpendicular to the photon’s path. Therefore, regardless of 
the position or the velocity of the emitting atoms within the galaxy disk at the time of the photon 
emission, the effective distance between the emitting atoms and the observer and the time it take 
the photons to reach the observer are virtually identical and depend only on the distance and 
velocity of the galaxy relative to the observer.44  Furthermore, assumptions 5 and 8 and the 
observation that the object within the galactic disk move at non-relativistic velocities relative to 
the galactic center, assure us that for all practical purposes, any two photons that are detected 
simultaneously by the observer have traveled the same distance and the same amount of time 
regardless of the location from which they were emitted within the given galaxy.45 
  Galaxy morphology is typically determined by the spatial distribution of the radiation 
emitted by ordinary matter within the galaxy that is detected by the observer.  The observer’s 
perception of galactic shape is strongly affected by the contrast between areas of high radiation 
(and therefore, high brightness) and areas of low radiation. The amount of radiation emitted by 
any given region of a galaxy is related to the density of ordinary matter within this region. The 
density of ordinary matter, and thus the radiation level, is expected to be higher at locations 
where the overall energy of orbiting ordinary matter has a local minimum.  Thus, identifying the 
local minima, predominantly those that produce sharp brightness contrast to their background, 
will provide the theoretical morphology of the galaxy.  

The task at hand is to use the UG equation to analyze the energy patterns formed by the 
combined effect of superheavy particles (either stationary or rotating) at the central core of a 
galaxy and the surrounding ordinary matter;  In particular, to identify the minimum points, 
contours and arcs, and how they change over time.  Establishing this task will facilitate in 
confirming the initial hypothesis, that in all or most cases, the observed shape and properties of a 
galaxy can be explained by the configuration of its dominant superheavy particles. 

The following equations, developed to identify the local minima, will initially use the 
symbols c for the speed of light and ܿ௚ for the speed of gravitation.  The assumption that the 
propagation speed of gravity is equal to the speed of light will only be made at a later stage.  As 
gravity propagates at a finite speed ܿ௚, the gravitational signal requires time to reach the orbiting 
                                                 
43 The dependency on the relative velocity of the galaxy and the emitting atom is due to relativistic distance contraction. 
44 This does not include the case of radiation emitted from an atom in the vicinity of a collapsed star.  
45 The discussion is limited to galactic morphologies driven by self-generated radiation, rather than by absorption or reflection of 
externally generated radiation. 
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object.  Consider an object with an orbital radius of ݎ଴ ൌ ሺݔ଴
ଶ ൅ ଴ଶݕ ൅ ଴ଶሻଵݖ ଶ⁄ ب  The  .ܣ

gravitational signal (or graviton) detected by the orbiting object at Ԧܺ ൌ ሺݔ଴, ,଴ݕ  ଴ inݐ ଴ሻ at timeݖ
frame S was actually emitted by a superheavy particle at the S position Ԧܵ௜ at an earlier time ݐప́, 

where the emittance time ݐప́ and location Ԧܵ௜ are related by ݐప́ ൌ ଴ݐ െ
ห௑ሬԦିௌԦ೔ห
௖೒

.  The period ݐ଴ െ   ప́ݐ

presents a delay that increases with the distance ห Ԧܺ െ Ԧܵ௜ห.   
The velocity of matter located in the galaxy halo is typically non-relativistic at about a 

few hundred ݇݉/ݏ.  For non-relativistic SHP groups with velocities ݒ ൌ ݓܣ ا ܿ, the entire 
calculation can take place in the rest frame of the center of the galaxy.  In this frame, the 
potential energy of an object composed of ܰ௠೛ ordinary particles located in the galaxy halo is 
given approximately by 
Equation 3-1-1  

,Ԧ଴ݎሺܧ ,Ԧଵݎ Ԧଶሻݎ ൌ
ିீ௠೛ெே೘೛ேಾ
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ೌ
|ೝሬሬԦబషೝሬሬԦమ| ݏ݋ܿ ቀ௕௠೛ெ

|௥Ԧబି௥Ԧమ|
ቁ െ 1൰ െ

ீ௠೛ே೘೛ெಸ

௥బ
ܼ   

 
where ݎԦ଴ denotes the location of the object at time ݐ଴, and ݎԦଵ and ݎԦଶ represent the locations of the 
two groups of superheavy particles at the time they emitted the gravitational signals intercepted 
by the object at time ݐ଴.  For simplicty, the total mass of ordinary matter in the galaxy, given by 
ீܯ , is assumed  to be homogeneously distributed around the galaxy center within a radius ܴ.  
The value ߁ is a positive number defined as the ratio between the number of SHPs in group 2 
and group 1.  Setting ߁ ൌ 0 for the case of a single SHP group rotating around the center of the 
galaxy, and ߁ ൌ 1 for the case of identical binary groups, will allow the same set of equations to 
cover both scenarios.  In the case of binary groups where ߁ ൐ 0, both groups are assumed to 
follow a circular orbit of radius ܣ around the galaxy center with the same constant speed ݒ. It is 
further assumed that the two SHP groups and the galaxy center are co-linear,46  The last term of 
3-1-1, which represents the interaction between the ordinary matter of the galaxy and the 
ordinary matter of the orbiting object includes the variable ܼ, defined as ܼ ൌ 1 when ݎ଴ ൐ ܴ, and 

as ܼ ൌ
 

ଵ
ଶ
ቀ3 െ ௥బ మ

ோమ
ቁ when ݎ ൏ ܴ.    

The orbiting stars and interstellar gas in a galaxy are expected to gravitate strongly 
toward regions of lower potential energy, creating areas of increased density in their vicinity.  As 
ܯ ب ݉௣, the interaction between the galaxy’s ordinary matter and the object provides a 
relatively smooth and slow-changing potential energy curve compared with the rapid oscillations 
of the potential energy of the object due to its interaction with the galaxy’s SHPs. Therefore, as 
demonstrated in figure 3-2, it is likely that even if the contribution of a galaxy’s ordinary matter 
                                                 
46 In cases involving two or more SHP groups that are not co-linear with the center of the galaxy, or in cases of groups that rotate 
at different speeds or at different orbital radii, the potential energy of the orbiting object can be calculated by obtaining the sum 
of the contributions of  all SHP groups, where equation 3-1-1 is applied for all individual (non-binary) groups with a value of 
߁ ൌ 0. 
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to the potential energy of an object is significantly larger than the overall contribution of the 
galaxy’s superheavy particles, the locations of the potential energy minima of the interaction are 
determined almost entirely by the SHP masses, velocities and locations, while the influence of 
the galaxy’s ordinary matter on the minima locations is almost negligible.47   

 

 
Figure 3-2: Presents the potential energy of a single ordinary particle of mass ݉௣ as a function of its distance from the galaxy 
center.  The red curve provides the potential energy due to the influence of two stationary SHP groups, each containing 54 SHPs 
of mass 8 כ 10ସ ݇݃, located at a distance of 0.5 ݇ܿ݌ from the galaxy center.  The two groups are assumed to be positioned in a 
linear alignment with the galactic center, on either side of the center.  The purple curve provides the potential energy of the 
particle due to 8 כ 10ସଵ ݇݃ of ordinary matter distributed homogeneously within a sphere of 4 ݇ܿ݌ centered around the galaxy 
center. The combined effect of both SHP groups and of the galaxy’s ordinary matter is demonstrated by the blue curve.  The 
black vertical lines indicate the deepest minima contours between 4.5 ݇ܿ݌ ൏ ݎ ൏  demonstrating that the minima occur ,ܿ݌݇ 22
almost precisely at the same distances, whether or not the effect of the ordinary matter is included.  Ordinary matter is expected 
to be concentrated in the vicinity of the local minima, with higher densities at the deeper minima.  Although the potential energy 
in this example is dominated by the object’s interaction with ordinary matter (at least at ݎ ൏  the galactic ordinary matter ,(ܿ݌݇ 22
is demonstrated to have little influence on the positions of substantial minima.  Note, however, that shallow minima contributed 
by the two SHP groups may become washed out by the contribution of the galactic ordinary matter.  For example, the two 
shallow minima between 6 ݇ܿ݌ and 7 ݇ܿ݌ , and the two minima between 10 ݇ܿ݌ and 14 ݇ܿ݌ in the red curve do not remain 
minima after the inclusion of the ordinary matter contribution, as shown by the blue curve.  
  

                                                 
47 It will be demonstrated that in the case of relativistic SHP groups, the locations of the object’s potential energy minima may 
depend on the velocity of the SHP as well. 
 

ܿ݌݇
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Therefore, locations of high density matter would not be notably affected by the 
Newtonian term in equation 3-1-1, and can consequently be found in the minima of the following 
equation: 
Equation 3 - 1 - 2 

,Ԧ଴ݎሺߦ ,Ԧଵݎ Ԧଶሻݎ ൌ
െ݉ܩ௣ܰܯ௠೛ܰெ

ܽ ൬݁
௔

|௥Ԧబି௥Ԧభ| ݏ݋ܿ ൬
ܾ݉௣ܯ
Ԧ଴ݎ| െ |Ԧଵݎ

൰ െ 1൰ െ
߁௠೛ܰெܰܯ௣݉ܩ

ܽ ൬݁
௔

|௥Ԧబି௥Ԧమ| ݏ݋ܿ ൬
ܾ݉௣ܯ
Ԧ଴ݎ| െ |Ԧଶݎ

൰ െ 1൰ 

   
First, the locations at which the gravitational signal was emitted ݎԦଵ and  ݎԦଶ must be 

calculated.  Due to the finite speed of gravitation, the object located at ݎԦ଴ ൌ ሺݔ଴, ,଴ݕ  ଴ݐ ଴ሻ at timeݖ
in the inertial frame ܵ simultaneously receives the UG gravitational signals that were emitted by 
the two respective groups at earlier ܵ times ݐଵሺݔ଴, ,଴ݕ ,଴ݖ ,଴ݔଶሺݐ ଴ሻ andݐ ,଴ݕ ,଴ݖ  ଴ሻ by the twoݐ
respective groups, which were located at ݎԦଵ ൌ ሺݔଵሺݔ଴, ,଴ݕ ,଴ݖ ,଴ሻݐ ,଴ݔଵሺݕ ,଴ݕ ,଴ݖ ,଴ሻݐ 0ሻ and  
Ԧଶݎ ൌ ሺݔଶሺݔ଴, ,଴ݕ ,଴ݖ ,଴ሻݐ ,଴ݔଶሺݕ ,଴ݕ ,଴ݖ ,଴ሻݐ 0ሻ at the time of the signal emissions.  Therefore, 
Equation 3 -1–3a 

൬ݎԦଵݐଵ
൰ ൌ ൮

ଵݔ
ଵݕ
0
ଵݐ

൲ ൌ ൮

ܣ כ ଵሻݐݓሺݏ݋ܿ
ܣ כ ଵሻݐݓሺ݊݅ݏ

0
ଵݐ
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ۇ
ܣ כ ݏ݋ܿ ቆݓ ൬ݐ଴ െ ቀ൫ݔ଴ െ ܣ כ ଵሻ൯ݐݓሺݏ݋ܿ

ଶ ൅ ൫ݕ଴ െ ܣ כ ଵሻ൯ݐݓሺ݊݅ݏ
ଶ ൅ ଴ଶቁݖ

ଵ ଶ⁄
/ܿ௚൰ቇ

ܣ כ ݊݅ݏ ቆݓ ൬ݐ଴ െ ቀ൫ݔ଴ െ ܣ כ ଵሻ൯ݐݓሺݏ݋ܿ
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and 
Equation 3–1-3b 
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Therefore ࢞૚ and ࢟૚ are explicit functions of ࢚૚, and their dependency on ࢞૙,࢟૙, ࢠ૙ and ࢚૙ is 
only through ࢚૚.  Similarly, ࢞૛ and ࢟૛ are explicit functions of ࢚૛, and thus are indirectly 
dependent on ࢞૙, ࢟૙, ࢠ૙ and ࢚૙. 
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The minus signs preceding the terms ܣ כ ܣ ଶሻ andݐݓሺݏ݋ܿ כ  ଶሻ in the equation forݐݓሺ݊݅ݏ
the second group are due to the requirement that at any given ܵ time, the two groups and their 
common center of mass are drawn along a straight line, and are thus half a cycle apart.  Since the 
distances between the orbiting object and the two groups in the inertial frame ܵ are usually 
different, the amount of time required for the gravitational signal to propagate from each group 
to the object will vary, and frequently ݐଵ ്  ଶ.  However, as the maximum difference betweenݐ
the two groups is 2ݐ| ,ܣଵ െ |ଶݐ ൑

ଶ஺
௖೒

.  

 The values ݐଵ and ݐଶ are essential for conducting successful calculations of galactic 
shapes and properties.  Unfortunately, finding a direct analytical solution for equations 3-1-3a 
and 3-1-3b is not that simple. Instead, it is more practical to use an iterative approach, where the 
first order of titration is given by 
Equation 3-1-4 

ଵݐ
ሺ଴ሻ ൌ ଶݐ

ሺ଴ሻ ൌ ଴ݐ െ ሺݔ଴ଶ ൅ ଴ଶݕ ൅ ଴ଶሻଵݖ ଶ⁄ /ܿ௚ 
 
Followed by ݊ additional titrations, 

ଵݐ
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and for the second group, 

ଶݐ
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At the final stage, the emission times in frame ܵ are assigned the values ݐଵ ൌ ଵݐ
ሺ௡ାଵሻ and ݐଶ ൌ

ଶݐ
ሺ௡ାଵሻ.  For the following examples, it is assumed that in the case of ሺݔ଴ଶ ൅ ଴ଶݕ ൅ ଴ଶሻଵݖ ଶ⁄ ب  ,ܣ

a single iteration can provide sufficiently accurate results.  Therefore, 
Equation 3 -1–5 

ଵݐ
ൌ ଴ݐ

െ
ቆ൬ݔ଴ െ ܣ כ ݏ݋ܿ ቀݓ൫ݐ଴ െ ሺݔ଴ଶ ൅ ଴ଶݕ ൅ ଴ଶሻଵݖ ଶ⁄ /ܿ௚൯ቁ൰

ଶ
൅ ൬ݕ଴ െ ܣ כ ݊݅ݏ ቀݓ൫ݐ଴ െ ሺݔ଴ଶ ൅ ଴ଶݕ ൅ ଴ଶሻଵݖ ଶ⁄ /ܿ௚൯ቁ൰

ଶ
൅ ଴ଶቇݖ

ଵ ଶ⁄

ܿ௚
 

and 
Equation 3-1-6 
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Given the small value of the constant ܽ (ܽ ൎ 5.7 כ 10ିଵସ), at galactic distance ranges the 

exponent terms ݁
ೌ

|ೝሬሬԦబషೝሬሬԦభ| and ݁
ೌ

|ೝሬሬԦబషೝሬሬԦమ| can be replaced by 1.  As we are looking for the  minima of 
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equation 3-1-1, the highest density of matter is expected to be concentrated in the vicinity of the 
deepest minima, which occur at the lowest points of the following equation: 
Equation 3-1-7 

,Ԧ଴ݎሺߦ ,Ԧଵݎ Ԧଶሻݎ ؆
ܯ௣ܰ௠೛ܰெ݉ܩ

ܽ ൬1 െ ݏ݋ܿ ൬
ܾ݉௣ܯ
Ԧ଴ݎ| െ |Ԧଵݎ

൰൰ ൅
߁ܯ௣ܰ௠೛ܰெ݉ܩ

ܽ ൬1 െ ݏ݋ܿ ൬
ܾ݉௣ܯ
Ԧ଴ݎ| െ |Ԧଶݎ

൰൰ 

 
Note that at the limit ܽ ݎ ՜ 0⁄ ,Ԧ଴ݎሺߦ , ,Ԧଵݎ  Ԧଶሻ is always greater than or equal to zero.  Withݎ
0 ൏ ܽ ا ଴ݎ̂| െ |ଵݎ̂ ا  ܾ݉௣ܯ and 0 ൏ ܽ ا ଴ݎ̂| െ |ଶݎ̂ ا  ܾ݉௣ܯ, the lowest minima, and 
therefore the highest density distribution, will occur in the vicinity of the locations ݎԦ଴ that 
comply with ߦሺݎԦ଴, ,Ԧଵݎ Ԧଶሻݎ ൏ ߳, where 0  ൏ ߳ ൎ 0.  This will happen at locations where both 
cosine terms are simultaneously equal to 1.  Note that at higher levels of potential energy, the 
discussion can be extended to areas of lower density by simply allowing a range of higher values 
for ߳.  This method of dividing the range of possible potential energies into slices of ߳ values will 
be used in the next few chapters to provide the two dimensional contour maps (or isophotes) of 
the  potential energy profile of a galaxy, and to demonstrate the resulting features, such as rings 
or spiral arms.   
  
III-2: The UG Morphology Model- The Relativistic Approach   

 
The dynamic calculations required for the case of a group of superheavy particles moving 

at relativistic velocity relative to the inertial frame of reference are somewhat more complex. 
Force and potential energy are not invariant under Lorentz transformations, and may change 
form when viewed in different inertial frames moving at relativistic velocities relative to each 
other.  Therefore, a force law must be defined in a specific inertial frame.  Prior to Einstein’s 
special theory of relativity, Coulomb’s law was known to accurately provide the electromagnetic 
force applied on a test charge moving at any constant velocity only when the source charge is at 
rest.  When the source charge is not stationary relative to the observer, it generates a magnetic 
field that applies an additional force on the test particle, resulting in an overall force which may 
or may not be a central force.  Einstein showed that on the basis of Coulomb’s force and special 
relativity alone, one can generate a quantitative description of electric and magnetic interactions 
between charges moving with arbitrary constant velocities, and that what appears as a purely 
magnetic field, or as a combination of an electric and a magnetic field, when viewed in one 
coordinate system may be simply an electric (Coulomb) field when viewed in another coordinate 
system.  The key to developing all of the electromagnetic kinematic and dynamic quantities is to 
use Coulomb’s law only when the calculations are performed in the inertial rest frame of the 
source charge.  Thus, when the source charge moves in respect to a given ܵ frame, the procedure 
entails the following three steps: 

Step 1: The kinematic and dynamic parameters of the test particle must first be 
transformed to frame ܵ1, in which the source charge is at rest. 
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Step 2: Apply the Coulomb force (or potential energy) equation to the test 
particle. 

Step 3: Transform the particles’ parameters back from frame ܵ1 to frame ܵ. 
 
All transformations are done via the Lorentz transformations (French, 1968).  The realization that a 
force is not invariant under Lorentz transformations, and that the same force that appears as a 
central force from the point of view of one inertial frame may appear as a non-central force and 
may be described by a different equation form when viewed in a different inertial frame, led to 
the language used in the second UG postulate given in Chapter II and repeated below: 
 
UG Postulate II: 
The Unified Gravitational force is a force between a pair of particles.  When viewed at an 
inertial rest frame of one of the interacting particles (the source particle), the unified 
gravitational force applied on the second particle (the test particle) is predominantly a 
central and conserving force that depends exclusively on the absolute distance between the 
particles and on the product of their masses.  
 
This basic postulation further led, in conjunction with three additional postulates (as well as the 
application of the principle of Occam’s Razor), to a family of possible gravitational equations, 
where equation 2-1-1 was selected as the simplest potential energy equation that complies with 
the given postulates.  An additional assumption was made at the beginning of this chapter, stating 
that a free-falling frame of reference that covers the entire spacetime of a given galaxy during the 
local time of the observation can be regarded as an inertial frame throughout the galaxy, with the 
exception of the immediate vicinity of collapsing stars.  Under the provided postulates and 
assumptions, the galaxy can be correctly analyzed via equation 2-1-5 and special relativity.  As 
this equation is only valid in the rest frame of a source particle, calculating the UG force applied 
to a moving test particle requires a procedure similar to the three-step procedure described above 
for the case of the Coulomb force. However, there is an important difference: the Coulomb force 
depends on the particle charges, which are the same in any frame of reference. The UG force 
equation, however, depends on the particle masses, which are not invariant under the Lorentz 
transformations.   

  Therefore, the mass of the test particle ݉ in equation 2-1-5 provides the mass as viewed 
by the source particle, which is equal to ݉௥௘௦௧ߛሺݒሻ, where ݉௥௘௦௧ is the rest mass of the test 
particle and ߛሺݒሻ ൌ ଵ

ටଵିೡ
మ

೎మ

 .  The same procedure can be used to calculate the potential energy of 

the test particle via equation 2-1-1. 
  Therefore, in order to assess the UG effect applied by either SHP group on the object, the 
calculation must take place in the inertial frame where the group is momentarily at rest, denoted 
by ܵ1 for the first group and ܵ2 for the second group.  The relativistic velocity of the object 
relative to the SHP groups can theoretically result from either the relativistic velocities of either 
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one of the SHP groups ݒሺݐଵሻ and െݒሺݐଶሻ, or from the relativistic velocity of the object 
൫ݑሬԦሺݐ଴ሻ൯relative to the center of the galaxy, or from both.  However, matter in the galaxy disk and 
halo has typically been observed to travel at non-relativistic velocities between 70 ݇݉/ݏ and 
 relative to the galactic center.  Therefore, to the extent that relativistic effects occur in ݏ/݉݇ 400
galaxies, they must be attributed to the relativistic velocities of their SHP groups. The speed of 
the object thus becomes negligible compared with the relativistic speed of the groups.  In such 
cases, the relativistic velocity between a given SHP group and a given object can be regarded as 
equal to the velocity of the group. 48 
 As mentioned above, the UG force or potential energy equations 2-1-5 and 2-1-1 applied 
on an orbiting object are not invariant under Lorentz transformation, and are assumed to be valid 
exclusively in the inertial frame of the source at rest.  For the relativistic case of a galaxy 
consisting of two SHP groups, the UG equation of each group must therefore be calculated in 
different inertial frames; specifically, in inertial frame ܵ1, where the first group is momentarily 
at rest at the ܵ time ݐଵ, and in inertial frame ܵ2, where the second group is momentarily at rest at 
ܵ time ݐଶ.  As a reminder, ݐଵ and ݐଶ are the ܵ time at which the respective groups emitted the 
gravitational signals, which were simultaneously intercepted by the orbiting object at ܵ time ݐ଴.  
Time ݐଵ and ݐଶ are given by equation 3-1-5 and 3-1-6 respectively.   
  Calculating the potential energy at any arbitrary point ሺݔ଴, ,଴ݕ ,଴ݖ  ଴ሻ in the ܵ inertialݐ
frame requires the Lorentz transformation of coordinates from frame ܵ to frames ܵ1 and ܵ2, 
where the UG equations 2-1-1 or 2-1-5 can be applied.  The results are then transformed back to 
the ܵ frame and combined to provide the overall potential energy or force. 

Starting with group 1, the first task is to calculate the magnitude and direction of its 
velocity at ܵ time ݐଵ.  As assumed above, the coordinates of the first group within the ܵ frame at 
the ܵ emission time ݐଵ are given by 
Equation 3-1-8 

ଵሻݐଵሺݔ ൌ ܣ כ ଵሻݐଵሺݕ ଵሻ andݐݓሺݏ݋ܿ ൌ ܣ כ ଵሻݐଵሺݖ ଵሻ andݐݓሺ݊݅ݏ ൌ 0 
 

Consequently, the velocity of the SHP group within the ܵ frame is given by the derivative 
of equation 3-1-8, 
Equation 3-1-9  

ቀݒ௫భሺݐଵሻ, ,ଵሻݐ௬భሺݒ ଵሻቁݐ௭భሺݒ ൌ ቀௗ௫భሺ௧భሻ
ௗ௧భ

, ௗ௬భሺ௧భሻ
ௗ௧భ

, ௗ௭భሺ௧భሻ
ௗ௧భ

ቁ ൌ ,ଵሻݐݓሺ݊݅ݏሺെݓܣ ,ଵሻݐݓሺݏ݋ܿ 0ሻ    

And 
Equation 3-1-10 

ݒ ൌ ൫ݒ௫భ
ଶ ൅ ௬భݒ

ଶ ൅ ௭భݒ
ଶ൯ଵ ଶ⁄ ൌ   ݓܣ

 

                                                 
48 The mechanism by which the superheavy particles are accelerated to relativistic velocities will be discussed at the end of this 
chapter. 
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Note that the angular velocity ݓ may be positive for counterclockwise rotation and negative for 
clockwise rotation.   

As discussed, applying the UG equation 2-1-1 requires the use of the inertial frame where 
the source mass, in this case group 1, is momentarily at rest.  Note that as group 1 travels in 
circular motion around the center of the galaxy, it is accelerating. Therefore, the group will 
remain at rest in frame ܵ1 for only an infinitesimal period of time.  

The distance ܦ௦ in frame ܵ between the frame ܵ location of the orbiting object (ݔ଴, ,଴ݕ  (଴ݖ
at the interception time ݐ଴, and the frame ܵ location of group 1 ሺݔଵሺݐଵሻ, ,ଵሻݐଵሺݕ 0ሻ at the time of 
emission ݐଵ is given by 
Equation 3-1-11 

௦ܦ ൌ ቀ൫ݔ଴ െ ଵሻ൯ݐଵሺݔ
ଶ ൅ ൫ݕ଴ െ ଵሻ൯ݐଵሺݕ

ଶ ൅ ଴ଶቁݖ
ଵ ଶ⁄

   
 
where ݐଵ, ݔଵሺݐଵሻ and ݕଵሺݐଵሻ are given by equation 3-1-3a.  Since group 1 is at rest in frame ܵ1 at 
ܵ time ݐଵ, ܵ1 travels at a velocity given by equation 3-1-9 and 3-1-10 relative to the inertial 
frame ܵ.  Therefore, the distance ̀ܦ௦భ between the orbiting object and group 1 in the inertial 
frame ܵ1 is almost always contracted. In calculating the distance ̀ܦ௦భ, it is more convenient to 
separately calculate the parallel and vertical components of the velocity of group 1 within the 
rotation plane ܼ ൌ 0.   
 The component of the distance ܦ௦ in the ܵ frame that is parallel to the velocity of group 1 
at time ݐଵ is given by 
 

צ௦ܦ ൌ ቤ
൫ሺݔ଴, ,଴ݕ ଴ሻݖ െ ሺݔଵሺݐଵሻ, ,ଵሻݐଵሺݕ 0ሻ൯ ל ൫ݒ௫భሺݐଵሻ, ,ଵሻݐ௬భሺݒ 0൯  

ห൫ݒ௫భሺݐଵሻ, ,ଵሻݐ௬భሺݒ 0൯ห
ቤ 

 
where the value of ห൫ݒ௫భሺݐଵሻ, ,ଵሻݐ௬భሺݒ 0൯ห ൌ ݒ ൌ  ,as given by equation 3-1-10.  Additionally ,ܣݓ
in circular motion the velocity of the SHP group is perpendicular to the vector connecting the 
rotating group to the center of the circle.  Therefore, 
൫ሺݔଵሺݐଵሻ, ,ଵሻݐଵሺݕ 0ሻ൯ ל ൫ݒ௫భሺݐଵሻ, ,ଵሻݐ௬భሺݒ 0൯ ൌ 0.  Consequently, 
Equation 3-1-12 

צ௦ܦ ൌ ቤ
ଵሻݐݓሺ݊݅ݏ଴ݔ൫െݓܣ ൅ ଵሻ൯ݐݓሺݏ݋଴ܿݕ

ݓܣ ቤ ൌ ଵሻݐݓሺ݊݅ݏ଴ݔ| െ  |ଵሻݐݓሺݏ݋଴ܿݕ

 
Since ܦ௦ୄ is defined to be perpendicular to ܦ௦צ, and both are contained in the galaxy plane ܼ ൌ
0, 
Equation 3-1-13 

௦ୄଶܦ   ൌ ௦ଶܦ െ ଶצ௦ܦ െ  ଴ଶݖ
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Since the distance ܦ௦ୄ is perpendicular to the velocity of group 1, it is not altered by the Lorentz 
transformation from the ܵ frame to the ܵ1 frame of reference.  However, the parallel component 

ଵሻݒሺߛ ଵሻ, whereݒሺߛ is contracted via division by צ௦ܦ ൌ ቀ1 െ ௩భమ

௖మ
ቁ
ିଵ ଶ⁄

.  In addition, the velocity  

,ԦݒԦଵሺݒ ଵݒ ሬԦሻ is the relative velocity between group 1 and the object, andݑ ൌ  ,Ԧଵ|.  Thereforeݒ|
Equation 3-1-14 

௦ଵୄܦ̀ ൌ צ௦ଵܦ̀ ௦ୄ andܦ ൌ  ଵሻݒሺߛ/צ௦ܦ
 
Using equations 3-1-13 and 3-1-14 
Equation 3-1-15 

௦ଵܦ̀ 
ଶ ൌ ௦ଵୄܦ̀

ଶ ൅ צ௦ଵܦ̀
ଶ ൅ ଴ଶݖ ൌ ௦ୄଶܦ ൅ ቀܦ௦ߛ/צሺݒଵሻቁ

ଶ
൅ ଴ଶݖ ൌ ௦ଶܦ ൅ ଶצ௦ܦ ൤ቀ൫ߛሺݒଵሻ൯ቁ

ିଶ
െ 1൨ ൌ ௦ଶܦ െ

௩భమ

௖మ
 ଶצ௦ܦ

 
Substituting equations 3-1-11 and 3-1-12 into equation 3-1-15, 
Equation 3-1-16 

௦ଵܦ̀
ଶ ൌ ൫ݔ଴ െ ଵሻ൯ݐଵሺݔ

ଶ
൅ ൫ݕ଴ െ ଵሻ൯ݐଵሺݕ

ଶ ൅ ଴ଶݖ െ
ଵଶݒ

ܿଶ ൫ݔ଴݊݅ݏ
ሺݐݓଵሻ െ ଵሻ൯ݐݓሺݏ݋଴ܿݕ

ଶ
 

 

where the ൫ݔ଴ െ ଵሻ൯ݐଵሺݔ
ଶ ൅ ൫ݕ଴ െ ଵሻ൯ݐଵሺݕ

ଶ ൅  ଴ଶ term is the same as in the non-relativisticݖ

case, and the term  െ௩భమ

௖మ
൫ݔ଴݊݅ݏሺݐݓଵሻ െ ଵሻ൯ݐݓሺݏ݋଴ܿݕ

ଶ
 provides the relativistic distance 

contraction.  Applying equation 3-1-8, and the fact that ݔଵଶሺݐଵሻ ൅ ଵሻݐଵଶሺݕ ൌ  ,ଶܣ
Equation 3-1-17a  

௦ଵܦ̀ ൌ ቆݔ଴ଶ ൅ ଴ଶݕ ൅ ଴ଶݖ ൅ ଶܣ െ ଵሻݐݓሺݏ݋଴ܿݔ൫ܣ2 ൅ ଵሻ൯ݐݓሺ݊݅ݏ଴ݕ െ
ଵଶݒ

ܿଶ ൫ݔ଴݊݅ݏ
ሺݐݓଵሻ െ ଵሻ൯ݐݓሺݏ݋଴ܿݕ

ଶቇ
ଵ ଶ⁄

 

 
In the case of a binary grouping, a phase shift of ߨ must be added to the operand of each cosine 
and sine term of the second group and the time ݐଵ should be replaced by ݐଶ to provide 
Equation 3-1-17b 

௦ଶܦ̀ ൌ ቆݔ଴ଶ ൅ ଴ଶݕ ൅ ଴ଶݖ ൅ ଶܣ ൅ ଶሻݐݓሺݏ݋଴ܿݔ൫ܣ2 ൅ ଶሻ൯ݐݓሺ݊݅ݏ଴ݕ െ
ଶଶݒ

ܿଶ ൫ݔ଴݊݅ݏ
ሺݐݓଶሻ െ ଶሻ൯ݐݓሺݏ݋଴ܿݕ

ଶቇ
ଵ ଶ⁄

 

 
When only the contribution of group 1 is taken into account, the object’s energy as viewed at the 
ܵ1 inertial frame (at a point denoted by the ܵ coordinates ሺݔ଴, ,଴ݕ ,଴ݖ  ଴ሻ) is given byݐ
Equation 3-1-18a 

ଵ̀ܧ ൌ െ
ଵሻݒሺߛ ௠೛݉௣ܰܯெܰܩ

ܽ ቆ݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ቆ
ଵሻݒሺߛ௣݉ܯܾ

௦భܦ̀
ቇ െ 1ቇ ൅ ܰ௠೛ߛሺݒଵሻ݉௣ܿଶ 
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where the mass of the object’s ordinary matter (in the ܵ1 inertial frame) can be substituted by the 
product of its rest mass ݉௣ and ߛሺݒଵሻ.   
 At ܵ time ݐଶ the second group travels at a velocity of –  ଶሻ relative to the inertial frameݐԦሺݒ
ܵ.  Therefore, the object’s velocity relative to group 2 is ݒԦଶሺെݒԦ, ଶݒ ሬԦሻ (andݑ ൌ  Ԧଶ|).  When onlyݒ|
the contribution of group 2 is taken into consideration, a similar analysis of the energy of an 
object in the ܵ2 inertial frame of group 2 is provided by 
Equation 3-1-18b 

ଶ̀ܧ ൌ െ
ଶሻΓݒሺߛ ௠೛݉௣ܰܯெܰܩ

ܽ ቆ݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ቆ
ଶሻݒሺߛ௣݉ܯܾ

௦మܦ̀
ቇ െ 1ቇ ൅ ܰ௠೛ߛሺݒଶሻ݉௣ܿଶ 

 
To find the overall energy of the object in the ܵ frame, the energy due to group 1 in frame ܵ1 and 
the energy due to group 2 in frame ܵ2 (including the object’s rest energy) must first be identified 
and transformed via Lorentz transformations, i.e. ܧ௜= ߛሺݒ௜ሻ൫ܧప̀ െ ݅ ௜൯, whereݒ௜ሻ݉௣ݒሺߛ௜ݒ ൌ 1 or 
݅ ൌ 2.  The total energy ܧ can then be derived by adding ܧଵ and ܧଶ, and since the energy derived 
from the object’s rest mass was counted twice (once in either inertial frame), it must also be 
subtracted once.  In addition, as stated above, the velocity ݑሬԦሺݐ଴ሻ of the object in frame ܵ 
(typically less than 400 ݇݉/ݏ) is non-relativistic, and therefore in the case of relativistic 
superheavy particles, ݑ ا ଵݒ ,Consequently  .ݒ ൎ ଶݒ ൎ ଵሻݒሺߛ and  ݒ ൎ ଶሻݒሺߛ ൎ  ሻ.49  Thisݒሺߛ
approximation serves to simplify the math, as it removes the need to know the exact direction of 
the velocity ݑሬԦ at the ܵ time ݐ଴; however, it also eliminates the non-relativistic kinetic energy of 
the object, which must therefore be added back into the equation.  Taking the above, as well as 
the contribution of the influence of non-relativistic ordinary matter into consideration, the overall 
energy of the object in the ܵ inertial frame is given by 
Equation 3-1-19 

ܧ ൌ ሻݒሺߛ ቀܧଵ̀ െ ቁݒሻܰ௠೛݉௣ݒሺߛݒ ൅ ሻݒሺߛ ቀܧଶ̀ െ ቁݒሻܰ௠೛݉௣ݒሺߛݒ െ ܰ௠೛݉௣ܿଶ ൅
1
2ܰ௠೛݉௣ݑଶ െ

ீܯ௣ܰ௠೛݉ܩ

଴ݎ
ܼ   

 
Using the identity ߛଶሺݒሻሺܿଶ െ ଶሻݒ ൌ ܿଶ leads to  
Equation 3-1-20 

ܧ ൌ െ
ீேಾெே೘೛௠೛ ఊమሺ௩ሻ

௔
൬݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞభ
൰ െ 1൰ െ

ீேಾெே೘೛௠೛ ఊమሺ௩ሻ௰

௔
൬݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞమ
൰ െ 1൰ ൅

൅ܰ௠೛݉௣ܿଶ ൅
ଵ
ଶ
ܰ௠೛݉௣ݑଶ െ

ீ௠೛ே೘೛ெಸ

௥బ
ܼ   

 
Recall that the morphology of a galaxy is determined by the distribution of the radiation detected 
by an observer.  The observer’s perception of morphology is strongly affected by the areas of 
high radiation (or brightness), and by their contrast with the background level of brightness. The 
                                                 
49 According to Lorentz transformations, ݒଵצ ൌ

ሺ௨భצା௩ሻ
ଵା௨భצ௩ ௖మ⁄   and ݒଵୄ ൌ

௨భ఼ ఊሺ௩ሻ⁄
ଵା௨భצ௩ ௖మ⁄  .  Typically, |ݑ| ا  is ݒ while ,ݏ/݉݇ 1000

assumed to be relativistic. Therefore, |ݑ| ا ଵଶݒ ,|ݒ| ൌ ଶצଵݒ ൅ ଵୄଶݒ ൎ ଵሻݒሺߛ ଶ, and consequentlyݒ  ൎ  ሻ.  The same holds trueݒሺߛ
for ݒଶ and ߛሺݒଶሻ. 
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amount of radiation emitted by any given area of the galaxy is largely related to its size and the 
density of its ordinary matter. The density, however, is expected to be higher at locations where 
the total energy of the object ܧ has a local minimum, particularly at the relatively deep minima, 
which are significantly lower than their neighboring minima (as shown in figure 3-2).  Since the 
term ܰ௠೛݉௣ܿଶ in equation 3-1-20 is independent of location (and time), it does not have any 

effect on the location of the minima and can be removed.  The term ଵ
ଶ
ܰ௠೛݉௣ݑଶ will cause the 

total energy minima to depart slightly from the potential energy minima, and will shift the orbits 
of objects in the outward direction, away from the potential energy minimum contours (thus 
creating a force to balance the centrifugal force).  Adhering to the same logic used in equation 3-
1-7, the Newtonian term ீ௠೛ே೘೛ெಸ

௥బ
ܼ  bears little influence on the location of the minima.  Thus, 

the high density concentrations should occur where 
Equation 3-1-21a 

ߦ ൌ െ
ீேಾெே೘೛௠೛ ఊమሺ௩ሻ

௔
൬݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞభ
൰ െ 1൰ െ

ீேಾெே೘೛௠೛ ఊమሺ௩ሻ௰

௔
൬݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞమ
൰ െ 1൰ ൏ ߳   

 
where 0 ൏ ߳ ൎ 0, and where ݁௔ ஽̀ೞభ⁄  and ݁௔ ஽̀ೞమ ⁄ can be replaced by 1, resulting in a non-negative 
energy value for 50 .ߦ 
Equation 3-1-21b 

0 ൏ ߦ ൌ
ீேಾெே೘೛௠೛ ఊమሺ௩ሻ

௔
ቆ1 െ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞభ
൰ቇ ൅

ீேಾெே೘೛௠೛ ఊమሺ௩ሻ௰

௔
ቆ1 െ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞమ
൰ቇ ൏ ߳   

 
Equation 3-1-21b holds true in the immediate vicinity of the coordinates at which both 

ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ
஽̀ೞభ

൰ ൌ 1 and ܿݏ݋ ൬௕ெ௠೛ఊሺ௩ሻ
஽̀ೞమ

൰ ൌ 1 at the inertial frame ܵ, where ̀ܦ௦భ and ̀ܦ௦మ are given 

by equations 3-1-17a and 3-1-17b using ݐଵ and ݐଶ respectively.  As expected, when applied to 
non-relativistic SHP velocity ݒ, the relativistic equation 3-1-21 provides identical results to the 
non-relativistic equation 3-1-7, since at non-relativistic velocities 
lim௩ ௖՜଴⁄ ௦భܦ̀ ൌܦ௦భ ൌ   Ԧ଴ݎ| െ Ԧଵ|, lim௩ݎ ௖՜଴⁄ ௦మܦ̀ ൌܦ௦మ ൌ   Ԧ଴ݎ| െ Ԧଶ| and limሺ௩ݎ ௖ሻ՜଴⁄ ሻݒሺߛ ൌ1. 
 
Section III-3:  The Creation and Motion of SHP groups 
 

Current theories commonly attribute the creation of planets, stars and galaxies to the 
gravitational collapse of clouds of gas.  According to UG Postulate IV, the extreme temperature 
and pressure conditions that exist at the cores of large astronomical bodies produce superheavy 
particles.  As theorized here, the vast amount of energy that is required for the creation of 
massive superheavy particles is likely to originate from the energy released by the collapse of 
ordinary matter towards the center of the astronomical bodies, and by the high level of pressure 

                                                 
50 Theoretically, the lowest minima of equation 3-1-21a are negative, however their amplitudes are completely negligible since 
ܽ ا   .by many orders of magnitude (typically by a factor of 10ଷହ) ݎ
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and temperature at their central core.51  By the time that an astronomical body reaches a steady 
state condition, its center comprises of a dense core that contains a significant portion of its 
ordinary matter, which rotates as a rigid body with constant angular velocity ݓ around its axis of 
rotation.  The assumed circular orbits of the SHP groups around the center of the astronomical 
body may or may not be located within the central core.  In either case, the interaction between 
orbiting SHP groups and the core ordinary matter produces rotating zones, with maxima and 
minima contours that intersect with the volume of the core.  When the angular velocity of any of 
the SHP groups is equal to ݓ, these maxima and minima rotate in unison with the ordinary 
matter of the central core, allowing both the core and the SHP groups to maintain their angular 
velocity.  Conversely, when the angular velocity of any of the SHP groups orbiting the center of 
the astronomical body varies from ݓ, the angular velocity of the resultant zonal pattern differs 
from the angular velocity of the core ordinary matter. In such a scenario, ordinary matter within 
the core will periodically either pass or be overtaken by the maxima and minima of the rotating 
zone structure.  The forces that result from such encounters apply strong torques which 
accelerate (or decelerate) the rotational velocity of the SHP group, forcing it to converge to the 
angular velocity of the central core.  Therefore, a group composed of superheavy particles of 
mass ܯଵ ൐

గ஺భ
௕௠೛ఊ

 in a circular orbit of radius ܣଵ ൏  must rotate at the same angular velocity ݓ/ܿ

as the central core.52  Consequently, the speed of any SHP group ݆ of SHP mass ܯ௝ ൐
గ஺ೕ
௕௠೛ఊ

 with 

an orbital radius of ܣ௝ is given by 53 

                                                 
51 In the case of galaxies, stars, and possibly large planets, some of the energy can be attributed to nuclear reactions deep within 
their cores. 
52 Note that the large forces that equalize the angular velocity of the SHP group with that of the central rotating core can only 
attain sufficient strength if the center of the planet is within the zonal oscillation range of the group’s superheavy particles.  This 
will occur only if  ܣଵ ൏

௕ெభ௠೛ఊ
గ

  or  ܯଵ ൐
గ஺భ
௕௠೛ఊ

.  To avoid violating special relativity, the velocity of the SHP group ݒଵ ൌ  ଵܣݓ

must be lower than the speed of light, leading to  ܣଵ ൌ ଵݒ ⁄ݓ ൏ ܿ ⁄ݓ .  Consequently, a group of superheavy particles of mass 
ଵܯ ൐ ଵܣߨ ܾ݉௣⁄ ଵܣ cannot maintain a circular orbit of radius ߛ ൒ ܿ ⁄ݓ , and will either be pulled toward the core or ejected 
outward to an orbit beyond  the zonal oscillation range of the given SHP-ordinary matter interaction.  Beyond this range the UG 
gravitational force reduces to the Newtonian force, and the SHP group may orbit at an angular velocity significantly lower than 
  .ݓ
53 This raises the question of whether the UG force is sufficiently strong to keep a relativistic SHP group in a circular orbit.  
Assume, for example, that the central core rotates at 100 rotations per second and that the orbital radius of the SHP group is 
100 ݇݉.  The resultant speed of the group is thus equal to 62,832  ݇݉/ sec ൌ0.21ܿ.  The force required to balance the 
centrifugal force at non-relativistic velocities is equal to  ெభ௩భమ

஺భ
ൌ  4 כ 10ଵ଴ܯଵ  ݉ ⁄ଶݏ  (note that the relativistic correction may 

change this number.  However, for the purpose of estimating the order of magnitude of the acceleration, the non-relativistic force 
is sufficiently accurate).  Assuming a very small central core (of radius ݎ ا  ଵሻ, the acceleration of the superheavy particles isܣ

given by aሬԦ ൎ ிԦ
ெభ
ൎ ீఊమெ೎௘ೌ ವೞభሖ⁄

஽ೞభሖ
మ ቆܿݏ݋ ൬௕ெభఊ௠೛

஽ೞభሖ
൰ െ ௕ெభఊ௠೛

௔
݊݅ݏ ൬௕ெభఊ௠೛

஽ೞభሖ
൰ቇ ൎ ீெభఊయெ೎

஺భమ
௠೛௕
௔
݊݅ݏ  ቀ௕ெభఊ௠೛

஺భ
ቁ, where ܯ௖ provides the 

overall mass of the ordinary matter in the central core, where the value of Dୱభሖ  is of  the order of ܣଵ, where  ܽ ا Dୱభሖ  or e
௔ D౩భሖ⁄ ൌ

1, and where ௕ெభఊ௠೛

௔
ب 1.  Therefore, the terms  ௕௠೛

௔
ൎ 2.643 כ 10ଷ଴ and ܯ௖ (which may be of the order of 10ଶ଺ ݇݃ሻ provide the 

SHP group with the enormous acceleration levels needed to maintain a circular orbit at relativistic velocities.  However, this logic 
cannot be applied to objects composed entirely of ordinary matter, or for SHPs with an oscillation range that is substantially 
shorter than their radii of orbit around the center of the galaxy.  In the latter case, the forces enacted by the rotating center on the 
SHP group at distance ܣଵ are outside of the zonal range of the interacting SHP-ordinary particle pairs.  Hence, ݊݅ݏ ቀ௕ெభఊ௠೛

஺భ
ቁ ا

1, ௕ெభఊ௠೛

௔
݊݅ݏ ൬௕ெభఊ௠೛

஽ೞభሖ
൰ ا 1 and ܿݏ݋ ൬௕ெభఊ௠೛

஽ೞభሖ
൰ ൎ 1.  The UG force equation therefore converges to the Newtonian force 
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Equation 3-3-1 

௝ݒ  ൌ  ௝ܣݓ
 
 This provides two very important rules that apply to superheavy particles in circular orbit 
around the center of an astronomical body with a massive rotating central core, where the zonal 
oscillation ranges of these SHPs are longer than the radius of their orbit around the center of the 
astronomical body: 
   

Rule 1:  In a steady state condition, all orbiting superheavy particles fulfilling the above 
conditions share the same angular momentum ݓ, where ݓ is the angular velocity of the 
central core of the astronomical body.   
 
Rule 2:  As a consequence of equation 3-3-1, and the requirement that the velocity of a 
superheavy particle cannot surpass the speed of light, the orbital radii of all superheavy 
particles that fulfill the above conditions must be shorter than ܿ/ݓ. 

 
 There are a few important questions regarding the nature and characteristics of 
superheavy particles that must be addressed.  What is the mechanism that allows for and enables 
the generation of superheavy particles?  What mechanism forces superheavy particles into nearly 
circular orbits around the center of the galaxy and accelerates them to relativistic velocities? 
What prevents their immediate annihilation or decay?  
  The process by which SHPs are created may be similar to the process that generates a 
particle and an anti-particle of the same mass, such as an electron and positron pair from 
photons.  If that is the case, the momentum and energy of the newly created SHP and anti-SHP 
are determined by the energy and momentum of the high-energy photons from which they 
originated.  Newly created SHPs that do not have sufficient kinetic energy to escape the (UG) 
gravitation of the central core will enter an orbit around it.  However, as the superheavy particles 
settle into orbits, they are accelerated over a relatively short period of time by the mechanisms 
described above, and forced to move at an angular velocity equal to the angular velocity ݓ of the 
rotating central core.  Therefore, according to equation 3-3-1, when the orbital radii of the SHPs 
are sufficiently large, their velocities become relativistic.  Note that complete stability of a 
superheavy particle orbit can be achieved only if the orbit becomes almost exactly circular (note 
that the orbit may become slightly deformed by relativistic effects).  A non-circular orbit will 
create a wobbling effect of the zonal pattern relative to the rotating ordinary particles within the 
planet’s central core.  This wobbling effect will generate strong torques that force the SHP into a 
                                                                                                                                                             
equation, and is not sufficiently strong to keep relativistic SHP groups in a circular orbit.  In the specific case of an object 
composed exclusively of ordinary matter, the force exerted on the object by the ordinary matter of the central core is also 
Newtonian, and the UG force generated by the SHPs is proportional to ீெభఊయெభ

஺భమ
௠೛௕
௔
݊݅ݏ  ቀ௕ெభఊ௠೛

஺భ
ቁ, and therefore smaller by a 

factor of ܯଵ ⁄௖ܯ  (of the order of less than 10ିଷହ). Hence, the object does not experience sufficiently large forces or torques to 
force the SHP group to move at the angular velocity of the central core ݓ.  Consequently, ordinary matter within this range of 
distances will not be able to keep pace with the rotation rate of the central core, and will orbit at a much lower angular velocity.  
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circular orbit where its velocity is perpendicular to the distance vector between the SHP location 
and the center of the core, and where the angular velocity of the zonal maxima and minima that 
cross the volume of the core is exactly the same as the angular velocity of the core particles.  
Upon entering into orbit, the SHP’s velocity is still only a small fraction of its final speed when 
its angular momentum becomes equal to ݓ.  Consequently, when a superheavy particle enters an 
orbit with relatively low velocity, other superheavy particles along the same orbit with an 
angular velocity of ݓ are moving at much higher speeds, and are therefore able to catch up and 
bond54 with the new particle within a very short period of time, generating a group of superheavy 
particles.  This process may be repeated many times as the SHP groups grow to include multiple 
superheavy particles.    
  In regard to the question of how superheavy particles remain stable, avoiding either 
annihilation or decaying into smaller particles, all known particles aside from protons and 
electrons (as well as their anti-particles) are unstable when they are free or un-bonded.  However, 
the neutron, which is also unstable when free, is known to become stable when it is bonded to a 
proton(s).  The fact that SHPs are bonded to the central core of the planet or to other SHPs 
(within a group) may explain how they remain stable and avoid decay.  Moreover, the strong 
rejection zones between SHPs and anti-SHPs may keep them apart and prevent their annihilation 
while in orbit around the same center of rotation. 
 
Section III-4: The Issue of the Tail Wagging the Dog 
 
 At first sight the UG theory seems to pose the inherent problem of the “tail wagging the 
dog.”  As will be shown in the following chapters, UG calculations suggest that SHP groups of a 
total mass of the order of few hundreds of kilograms dictate the overall structure of Saturn’s ring 
and satellite system, which amounts to an overall mass of approximately 10ଶସ ݇݃.  Similarly, 
SHP groups of a total mass of the order of 10ସ ݇݃ to 10଻ ݇݃ will be shown to determine the 
overall morphology of a galaxy of a mass of about 10ଷ଼ ݇݃ to 10ସଷ ݇݃.  The force that a 
superheavy particle of a mass of 1.15 כ 10ି଼ ݇݃ is capable of exerting on ordinary matter within 

its zonal oscillation range at distances of ܽ ا ݎ ൏ ௕ெభ௠೛

గ
ൎ 552,000 ݇݉ is about ௕ெభ௠೛

௔
ൎ

3.04 כ 10ଶଶ times larger than the Newtonian force applied by a point-like sphere of ordinary 
matter of a total mass of ܯଵ from the same distance. 55 

 However, as the mass of the SHP groups is negligible in comparison to the mass of 
ordinary matter within a galactic disk, or within a system of planetary rings and satellites, the 
SHP orbits should be profoundly affected by the gravitational influence of ordinary matter.  
Furthermore, the overall SHP effect exerted on the heavier ordinary matter should be minimal, as 
the overall mass of the ordinary matter of a galactic or planetary system is larger by many orders 
of magnitude.  Yet, as will be seen, the model here assumes, for example, that in the case of 

                                                 
54 via the UG force acting between two superheavy particles. 
55 These calculated numbers are even larger when the relativistic corrections are taken into account. 
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planetary systems, the orbits of SHP groups are completely unaffected by the matter in the rings 
and satellites, while the rings and the satellite orbits are curved by the effect of the SHP groups. 
   The logic behind this assumption is quite simple.  The SHP groups are not free, and are 
held in circular orbit by the central rotating core of the planet.  As the superheavy particles 
transfer energy and angular momentum to orbiting matter outside of the massive central core, 
they may lose angular momentum and energy to the orbiting objects, yet are prevented from 
slowing down or leaving their orbit around the central core, which is few orders of magnitude 
heavier than the overall mass of the planet’s ring and satellite system.  Moreover, the same 
mechanism which led to equation 3-3-1 (ݒ௝ ൌ  ௝) forces the SHPs to rotate around the centerܣݓ
of the planet at the exact same angular velocity ݓ as the central core.  In addition, the SHP group 
is prevented from significantly reducing or increasing its radius of orbit by the nearby maxima 
that confined its orbit.  Therefore, the energy and angular momentum lost (or gained) by the SHP 
to the ring and satellite system must be replenished immediately by the far more massive rotating 
central core.  Consequently, the SHP group will maintain the same angular velocity as that of the 
rotating center and the same orbit and speed.  An analogy to this concept is the image of a free 
rigid rod of almost no mass pushing a small ship.  As the mass of the rod is negligible compared 
with the mass of the ship, the force acting between the two objects will essentially influence the 
momentum and velocity of the rod, bearing virtually no effect on the momentum and velocity of 
the ship.  However, if the rod is attached to a much larger ship that is using the rod to push the 
small ship, the opposite effect will occur, and there will be minimal change in the momentum 
and speed of the rigid rod, which is now part of the much larger ship, while the momentum and 
velocity of the small ship will change significantly.  
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Chapter IV: Applying the UG Theory to Model Galaxy Morphology   
 

Images emerging from the Hubble space telescope have revealed a number of planetary 
nebulae and galaxies with complex and varied morphologies.  While different mechanisms have 
been proposed to influence certain galactic forms, the mechanisms that drive the diverse 
morphologies are not yet well-understood. 

The goal of this Chapter is to apply the UG theory to large astronomical objects, such as 
nebulae and galaxies, and to demonstrate the viability of the theory by explaining how relatively 
simple SHP configurations can provide the mechanism which drives the creation and 
maintenance of a number of poorly understood galactic morphologies and properties, including 
the mechanism responsible for the creation and maintenance of the various types of spiral 
galaxies. 
 
Section IV-I: Two Dimensional Potential Energy Mapping and Derivation of Morphology  
 

The structure and dynamics of galaxies and nebulae can be analyzed using the equations 
developed in Chapter III.  Specifically, equation 3-1-20 will be applied to a number of observed 
morphologies with the anticipation that the level of radiation emitted from a given section of a 
galaxy should be greater in areas of higher density.  The maxima and minima of the radiation are 
thus expected to follow the respective patterns of the minima and maxima of the ordinary matter 
potential energy.   
Equation 3-1-20 

ܧ ൌ െ
ீேಾெே೘೛௠೛ ఊమሺ௩ሻ

௔
൬݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞభ
൰ െ 1൰ െ

ீேಾெே೘೛௠೛ ఊమሺ௩ሻ௰

௔
൬݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞమ
൰ െ 1൰   

൅ܰ௠೛݉௣ܿଶ ൅
1
2ܰ௠೛݉௣ݑଶ െ

ீܯ௣ܰ௠೛݉ܩ

଴ݎ
 

 
ܰெ and ܰ߁ெ denote the number of superheavy particles of SHP mass ܯ in the first and second 
SHP groups of a binary, where both groups travel in a circular orbit of radius ܣ around the center 
of the galaxy at a constant speed  ݒ and are collinear with the center.  A vast majority of the 
ordinary matter ீܯ  is assumed to be distributed in a spherically symmetric56 organization within 
a sphere of radius ܴ ൏  ଴ around the center of the given galaxy. The orbiting object is assumedݎ
to contain ܰ௠೛ particles of mass ݉௣, and to move at a non-relativistic velocity ݑሬԦ relative to the 

center of the galaxy.  The terms ̀ܦ௦భ and ̀ܦ௦మ provide the distances traveled by the gravitational 
signals between the time of their emission by the two groups (ܵ times ݐଵ and ݐଶ) and the ܵ time 
 ଴ of their interception by the object as measured in the respective SHP group inertial frames ofݐ
reference at the time of emission, and are given by (see equations 3-1-17a and b of Chapter III) 
 
 
                                                 
56 At ݎ଴ ൐ ܴ, this simplifying assumption can replace the more restrictive assumption of a homogeneous distribution of ordinary 
matter within the galaxy or nebula. 
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Equation 3-1-17a 

௦ଵܦ̀ ൌ ቆݔ଴ଶ ൅ ଴ଶݕ ൅ ଶܣ െ ଵሻݐݓሺݏ݋଴ܿݔ൫ܣ2 ൅ ଵሻ൯ݐݓሺ݊݅ݏ଴ݕ െ
ଵଶݒ

ܿଶ ൫ݔ଴݊݅ݏ
ሺݐݓଵሻ െ ଵሻ൯ݐݓሺݏ݋଴ܿݕ

ଶ ൅ ଴ଶቇݖ
ଵ ଶ⁄

 

and  
Equation 3-1-17b 

௦ଶܦ̀ ൌ ቆݔ଴ଶ ൅ ଴ଶݕ ൅ ଶܣ ൅ ଶሻݐݓሺݏ݋଴ܿݔ൫ܣ2 ൅ ଶሻ൯ݐݓሺ݊݅ݏ଴ݕ െ
ଶଶݒ

ܿଶ ൫ݔ଴݊݅ݏ
ሺݐݓଶሻ െ ଶሻ൯ݐݓሺݏ݋଴ܿݕ

ଶ ൅ ଴ଶቇݖ
ଵ ଶ⁄

 

 
The times ݐଵ and ݐଶ are approximated by  
Equation 3 -1–5 
 
ଵݐ

ൌ ଴ݐ െ
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ଶ
൅ ଴ଶቇݖ

ଵ ଶ⁄

ܿ  

 
and 
Equation 3-1-6 
 
ଶݐ
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where the speed of gravitation ܿ௚ is assumed to be equal the speed of light ܿ and ߛሺݒሻ ൌ

ቀ1 െ ௩మ

௖మ
ቁ
ିଵ ଶ⁄

.  Equation 3-1-20 includes two potential energy terms contributed by the two SHP 

groups,  

െ
ீேಾெே೘೛௠೛ ఊమሺ௩ሻ

௔
൬݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞభ
൰ െ 1൰  and  െ

ீேಾெே೘೛௠೛ ఊమሺ௩ሻ௰

௔
൬݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ൬௕ெ௠೛ఊሺ௩ሻ

஽̀ೞమ
൰ െ 1൰, a 

potential energy term contributed by the galaxy’s ordinary matter  െ
ீ௠೛ே೘೛ெಸ

௥బ
 , as well as the 

non-relativistic object’s kinetic energy term ଵ
ଶ
ܰ௠೛݉௣ݑଶ and its rest mass energy term ܰ௠೛݉௣ܿଶ.   

The kinetic energy term shifts the actual orbit of the object in the outward direction from the 
potential energy minima (to balance the centrifugal force). However, the existence of kinetic 
energy simply pushes the ݊௧௛ energy minimum contour to somewhere between the ݊௧௛ potential 
energy minimum and the ݊ െ 1 maximum contour.  The visual effect of this shift on the 
morphology of the galaxy is relatively small and should not bear a significant influence on the 
galaxy’s overall morphology.  Moreover, the rest mass energy term is independent of the 
location of the particle within the galaxy and therefore does not affect the location of the minima 
or, consequently, the galaxy’s morphology.  Therefore, the following two dimensional maps will 
omit the kinetic energy and the rest mass energy terms, and will display only the relevant 
potential energy terms.  Overall, these changes lead to the highest levels of ordinary matter (and 
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therefore the highest level of radiation) at close proximity to the minima of the following 
equation:   
Equation 4-1-1a 

ܧ ൌ െ
ሻݒଶሺߛ ௠೛݉௣ܰܯெܰܩ

ܽ ቆ݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ቆ
ሻݒሺߛ௣݉ܯܾ

௦భܦ̀
ቇ െ 1ቇ

െ
߁ሻݒଶሺߛ ௠೛݉௣ܰܯெܰܩ

ܽ ቆ݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ቆ
ሻݒሺߛ௣݉ܯܾ
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or 
Equation 4-1-1b 
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Note that the observational resolution within galaxies and nebulae is of the order of 1 ܿ݌ 1) ܿ݌ is 
about 3.08 כ 10ଵ଺ ݉), which is far greater than ܽ ൌ 5.7 כ 10ିଵସ ݉.   The term ݁௔/௥ is therefore 
indistinguishable from 1, and may be replaced by it.  

The following succession of examples will illustrate how the different parameters ܯ ,ܣ, 
ܰெ, ݓ (or equivalently ݒ ൌ ீܯ ,(ܣݓ  and  ߁ of equation 4-1-1a (or 4-1-1b) affect the 
morphology, dynamics and classification of a galaxy (or nebula) and its interaction with 
companion galaxies.  Note that multiplying equation 4-1-1b by any constant greater than zero 
would not affect the location of its minima, and therefore would not alter the morphology of the 
nebula or galaxy.  Therefore, the morphology is independent of the number of ordinary particles 
of mass ݉௣ of the object, denoted ܰ௠೛, and setting the value ܰ௠೛ ൌ 1 will provide the same 
morphology. Similarly, when the equation is written in the form given by 4-1-1b (where ீܯ  is 
replaced by ீܯ ܰெ⁄  within the parentheses) the morphology of the galaxy is unaltered by the 
replacement of ܰெ by 1 (as long as ீܯ  is replaced by the original value of ீܯ ܰெ⁄ ).57 

  The general approach taken here is to modify the remaining parameters one or two at a 
time, and to review how morphology (and therefore morphological classification, such as the 
Hubble classification) changes continuously with variation of the individual parameters.  We 
begin with the parameters ߁ and ܣ, followed by ܯ ,ݒ and ீܯ ܰெ⁄ .    
 
Section IV-1-1: Low Velocity SHP Group Rotation  
 

In the following discussion it is assumed that while the rotational velocity of the given 
galaxy as a whole is fast enough to flatten the galactic plane into a rotating disk, the velocities of 

                                                 
57 For clarification, while the energy of the object is modified by these transformations, the galaxy morphology, which is driven 
by the location of the minima, is unaffected by the reduction of ܰெ and ܰ௠೛ to 1.  However, the amount of galactic radiation will 
decrease (see theorem A-2 in Appendix A).  
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its SHP groups are still relatively low.  For the provided examples, ‘slow’ SHP group rotation 
implies that the velocity of the SHP group(s) is non-relativistic (ݒ ൌ ܣݓ ا ܿ) and that the 
distance traveled by the SHP group during the time it takes the gravitational signal to propagate 
from the SHP group to the orbiting object is negligible. 

 The density of matter begins to decline rapidly beyond the farthest major minimum 

contour (beyond the radius of the ݊ ൌ 2 minimum ݎଶ of the dominant SHP) at ݎ ൐ ଶݎ ൎ
௕௠೛ெ
ଶగ

.  
Therefore, the galaxy is mainly visible at ݎ د  ଶ, which defines the outer borders of the galacticݎ
disk.  For the case of an object located at a distance ݎ from the galaxy center where ܣ ا ݎ د  ,ଶݎ
it takes the gravitational signal approximately ݎ ܿ⁄ د ଶݎ ܿ⁄  seconds to pass the distance between 
the SHP group and the orbiting object. During this period of time the SHP group(s) rotates by an 

angle of ߮ د ݓ ଶݎ ܿ⁄ ൌ ௩௥మ
஺௖

ൎ ௩
஺௖

௕௠೛ெ
ଶగ

.  For this amount of rotation to be insignificant ݒ must 
comply with58 
Equation 4-1-2 

ݒ ا
ܿܣߨ2
ܾ݉௣ܯ

 

 
Figure 4-1 presents a two dimensional map of the calculated potential energy of an 

ordinary particle of mass ݉௣ as a function of its location ሺݔ଴, ,଴ݕ 0,  ଴ሻ in the rotational diskݐ
plane of a simple hypothetical object containing a single stationary SHP of mass 0.156 כ 10ସ ݇݃ 
at its center.  The figure was derived via equation 4-1-1a using the parameters ߁ ൌ ܣ ,0 ൌ 0 ݇݉, 
ܰெ ൌ 1, ܰ௠೛ ൌ ܯ ,1 ൌ 0.156 כ 10ସ ݇݃, ݒ ൎ ீܯ and ,ݏ/݉݇ 0 ൌ 0 ݇݃).  The potential energy is 
demonstrated via a color-coded map, where brighter color values indicate lower potential energy 
and darker colors represent higher potential energy levels.  The upper curve provides the 
potential energy along the ݔ axis, and its minima and maxima thus correspond to the light and 
dark color values respectively along the ݔ axis.  In order to create the two dimensional map, a set 
of ܭ energy threshold levels ሼߝ௞ሽ were selected, where ݇ is an integer (0 ൑ ݇ ൑ ௞ߝ and ܭ ൐  ௟ߝ
when ݇ ൐ ݈).  Each location ሺݔ଴, ଴ݖ ଴ሻ on the rotating disk atݕ ൌ 0  at time ݐ଴ was layered in 
yellow once for each ݇ value, where ܧሺݔ଴, ,଴ݕ 0,   .௞ߝ ଴ሻ of equation 4-1-1a is greater thanݐ
Therefore, an area where the potential energy is higher than the highest energy threshold ߝ௄ is 
layered ܭ ൅ 1 times and appears very dark.  An area where the potential energy ܧ complies with 
଴ߝ ൏ ,଴ݔሺܧ ,଴ݕ ,଴ݖ ଴ሻݐ ൏  ଵ is layered by a single layer of color and appears as light yellow.  Anߝ

                                                 
58 Note that the energy required for the creation of superheavy particles is assumed to be generated by the vast amount of energy 
released during the collapse of a cloud of gas composed of ordinary matter toward its center.  In the process of collapse, the 
moment of inertia of the collapsing gas cloud is reduced by a large factor, or ܫ௙௜௡௔௟ ا  ௜௡௜௧௔௟.  As the total angular momentum ofܫ
the cloud needs to be preserved, or ݓ௙௜௡௔௟ܫ௙௜௡௔௟ ൌ  ௜௡௜௧௔௟ will beݓ ௜௡௜௧௔௟, even a very small initial angular velocityܫ௜௡௜௧௔௟ݓ
accelerated to high angular velocity ݓ௙௜௡௔௟ ൌ ௜௡௜௧௔௟ݓ

ூ೔೙೔೟ೌ೗
ூ೑೔೙ೌ೗

ب  ௜௡௜௧௔௟.  Therefore, the angular velocity of the galaxy’s central coreݓ

and its SHPs should become elevated immediately after the collapse.  However, over time the galaxy’s angular momentum may 
be reduced substantially by a number of mechanisms, such as galactic wind or collisions between galaxies, resulting in a gradual 
slowing of the rotation of the galactic core and its superheavy particles. 
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area with a potential energy ܧሺݔ଴, ,଴ݕ ,଴ݖ ଴ሻݐ ൏  ଴ remains unlayered and consequently appearsߝ
white. 

 

 
Figure 4-1:  The lower image displays the two dimensional color map of the calculated potential energy of an ordinary particle 
of mass ݉௣ as a function of its location ሺݔ଴, ,଴ݕ 0,  ଴ሻ for the case of a single stationary SHP group located at ሺ0,0,0ሻ andݐ
composed of a single SHP of mass ܯ.  The upper image provides the potential energy along the ݔ axis, and is displayed in order 
to identify the exact minima locations.  A contour that is brighter than its immediate neighboring contours is at a local minimum 
of the potential energy, while a contour that is darker than its immediate neighboring contours is at a local maximum.  
Calculations were performed via equation 4-1-1a using the following values:  ߁ ൌ ܯ ,0 ൌ 0.156 כ 10ହ ݇݃, ݒ ൌ ܣ ,ݏ/݉ 0 ൌ
10ିଽ ݇ܿ݌, ܿ ൌ 300,000  ݇݉ ⁄ݏ ீܯ , ൌ 0, ܰெ ൌ 1, ܰ௠೛ ൌ 1, ݉௣ ൌ 1.674 כ 10ିଶ଻ ݇݃. 

 
The resultant two dimensional map displays concentric contours of maxima and minima, 

with an increasing density of zones as the distance to the galaxy center is reduced.  Since on 

galactic scales ݎ ب ܽ, the potential energy of the maxima is equal to ଶீெ௠೛ 
௔

, while the minima 
contours are virtually at zero energy.59 
 The pattern of the matter density of a galaxy centered around a single SHP group 
provides for the existence of rings, however does not account for the existence of stellar systems.  
Stellar systems can be explained with the introduction of the concept of multiple SHP groups.  In 

                                                 
59 Recall that at distances ݎ ب ܽ, the exponent ݁௔ ஽̀ೞభ⁄ ൌ ݁௔ ஽̀ೞమ⁄ ൌ 1, and that the maxima and the minima of equation 4-1-1a 

occur when both ܿݏ݋ ൬௕ெ௠೛ఊሺ௩ሻ
஽̀ೞభ

൰ and ܿݏ݋ ൬௕ெ௠೛ఊሺ௩ሻ
஽̀ೞమ

൰ are equal to െ1 or 1 respectively.  Using the assumed values of ீܯ ൌ 0, 

ܰெ ൌ 1,  ܰெ೛ ൌ ߁ ,1 ൌ 0, and ݒ ا ܿ (and therefore ߛ ൌ 1), the resultant potential energy is given as ܧ ൌ ଶீெ௠೛

௔
 at the maxima, 

and as virtually zero energy at the minima.  Further note that the overall color value at the center of this hypothetical galaxy is 
relatively dark.  This is due to the arbitrary and unrealistic assumption that the galaxy contains only SHPs and no ordinary matter 
ீܯ) ൌ 0).  In a more realistic model, where ீܯ  is substantially large, the center appears brighter than the surrounding galaxy 
(see figures 4-4d, 4-8e, 4-9a and 4-10a). 

ܿ݌݇

ܿ݌݇

ݏ݈݁ݑ݋ܬ
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the following section, star formation will be addressed in the special case of stationary or very 
slow rotating binary SHP groups.  
  
Section IV-1-2: Star Formation via Binary SHP groups   
 
 A two dimensional map of a hypothetical galaxy containing two identical stationary 
superheavy particle groups separated by some arbitrary distance 2A is demonstrated in figures 4-
2a to 4-2e (using ߁ ൌ ܣ ,1 ൐ 0, ܰெ ൌ ܰ௠೛ ൌ ݒ ,1 ൌ 0 and ீܯ ൌ 0).  The two sets of concentric 
minima contours contributed by the two SHP groups to the overall potential energy of the test 
particle are shown in 4-2a to 4-2d, where the minima of SHP group 1 are indicated in blue and 
the minima of SHP group 2 are indicated in violet.60  As the discussion is limited to the case 
where both SHP groups are composed of the same single SHP of mass ܯ, the two sets of circular 
contours are identical and are shifted from each other by a distance of 2ܣ. Any pair of minima 
circles respectively generated by SHP group 1 and SHP group 2 may either intersect at one or 
two points, or may not intersect at all.  As the overall potential energy of a test particle at any 
given location is equal to the sum of the potential energy contributed by each of the SHP groups, 
the lowest minima will occur at any point where a minimum circular contour produced by group 
1 intersects with a circular minimum contour produced by group 2.  At these points, both cosine 
terms in equation 4-1-1a are equal to 1.61  The density of ordinary matter is thus expected to peak 
at these local minima, where dense clouds of gas are subsequently formed.  The collapse of these 
dense and massive clouds may lead to star formation and to the creation of the panoramic night 
sky view on a global scale.62   
 A minimum circle created by the first SHP group will not intersect with a minimum 
circle created by the second SHP group if the sum of their radii is shorter than 2ܣ, or when the 
difference between their two radii is larger than 2ܣ.  Pairs of minima circles, where the sum of 
their radii is greater than 2ܣ and the difference between their radii is less than 2A, intersect at 
exactly two distinct points.  Theoretically, when the sum or the difference of the two radii are 
exactly 2ܣ, the pair of circles can intersect only at a single point.  However, in reality, when the 
sum or the difference of the radii approach the exact value of 2ܣ, the two intersecting points 
approach each other, and the two circular arcs located between the two intersecting points nearly 
overlap to create a minimum arc at which the density of matter is high.63 

                                                 
60 Note that according to equation 4-1-1a, the radii of the minima circles are dependent on the SHP mass and are independent of 
the number of superheavy particles in each SHP group. 
61 This is correct since typically ̀ܦ௦భ  and ̀ܦ௦మ  are greater than or of the order of 10ଵ଺ ݉, while ܽ ൌ 5.7 כ 10ିଵସ ݉.  Therefore,  
݁௔ ஽̀ೞభ⁄ ൌ 1.  In addition, the influence of ordinary matter is assumed to be negligible at this point of the discussion. 
62A more detailed explanation of how stars are formed and the influence of rotation on the process will be discussed later on in 
chapter VI.  A similar mechanism on larger scale can create entire galaxies (within clusters), which in turn generates a large 
population of stars. Thus, the panoramic view of the night sky consists of galaxies and stars.  
63 When the two intersecting points are sufficiently close, two nearby star systems are likely to form.  If the two stars are 
sufficiently massive, the gravitational interaction between them may become stronger than their interaction with the galaxy 
center, and they may consequently begin to orbit around each other as well as around the galaxy center.  This can explain the 
occurrence of binary star systems, as well as their low abundance relative to the number of single star systems. This may further 
be applied within the Solar System to provide a possible explanation for how the Earth and Moon system was created. 
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Figure 4-2a:  The intersections of the minima contours of two SHP groups create local minima where clouds of gas are formed.  
The collapse of these clouds generates star formation.    
 
 

 

 
Figure 4-2b:  Decreasing the distance between the SHP groups substantially increases the number of intersections (and thus the 
number of stars formed).  Note the occasional occurrence of arcs, which resemble the appearance of filaments.  
 
   
  As demonstrated in figures 4-2b and c, such arcs (or filaments) are formed by the intersection 
of minima circles with radii that comply with |ܴଵ  േ ܴଶ | ൎ  Note that the arcs are  .ܣ2
perpendicular to the line connecting the two SHP groups.  As the respective radii ܴଵ and ܴଶ of 
the intersecting circles increase, the length of the arc increases as well.  At sufficiently low zonal 
indices, where the difference between two successive minima is larger than 2ܣ, the two circular 
contours can intersect only if their radii are equal (ܴଵ  ൌ ܴଶ ب  creating two arcs around the ,(ܣ
two intersection points.64 
                                                 
64 This is true as long as the assumption that the two groups consist of superheavy particles of equal mass holds true.  
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Figure 4-2c:  As the distance between the SHP groups reduces, further pattern changes can be noted in the geometrical pattern 
near the center of the galaxy.  In addition, at large distances only contours of the same radius (or zonal index) can intersect.   
 
 
  

 
Figure 4-2d:  At a very short distance ܣ, concentric contours are produced and the galaxy becomes almost indistinguishable 
from a galaxy containing  a single stationary SHP group located at its center. 
 

  In figure 4-2d, as the distance ܴଵ (and therefore ܴଶ) increases, the two arcs approach 
each other to create a full circle, or a ring.  In general, when the ratio between the orbital radius 
of the SHP group(s) and the distance of the object from the galaxy center ܣ ⁄ݎ ՜ 0, equation 4-1-
1a results in a galaxy or nebula that demonstrates essentially the same form as provided by a 
single SHP group (see figure 4-1a), where the total number of superheavy particles in the group 
is given by the sum ܰெ ൅  ெ.  As can be deduced from equation 4-1-1a and demonstrated byܰ߁
figures 4-2a to 4-2d, the number of intersections between the two sets of concentric minima 
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circles increases as the distance 2ܣ between the two SHP groups is reduced, creating more star 
systems. 
  Figure 4-2e provides the two dimensional contour map of the overall potential energy 
pattern generated by two identical SHP groups positioned at ݔ ൌ േ1.8 ݇ݕ ,ܿ݌ ൌ 0 and ݖ ൌ 0. 
The number of minima (represented by the brightest areas) increases and their individual sizes 
reduce with decreasing distance from either SHP group.  Consequently, stars created in the 
immediate areas surrounding the SHP groups are expected to be smaller and more abundant 
than those produced at more distant locations.  As shown in the figure, some very large stars 
should be generated from the gas trapped at the minima, located for example at ሺݔ, ,ݕ ሻݖ ൌ
ሺ0,6,0ሻ, ሺ0, െ6,0ሻ, ሺ8,0,0ሻ and ሺെ8,0,0ሻ.  The size of the minima, and therefore the size of the 
stars produced within them, should decrease, and the number of stars should increase as their 
distance from the SHP groups is reduced.  Note that the darkest areas within close proximity to 
the SHP groups (within a radius of about 1 ݇ܿ݌) are not continuous and appear so due to the 
limited resolution of the figure.  These areas actually consist of many distinct minima 
separated by maxima, where many thousands of small stars can be created.  Note that some of 
the minima may be too small to cause a collapse. 

 
Figure 4-2e:  A two dimensional contour map of the overall potential energy pattern generated by two identical SHP groups 
(positioned at ݔ ൌ േ1.8 ݇ݕ ,ܿ݌ ൌ 0 and ݖ ൌ 0, where the ݖ axis is perpendicular to the page).  Star formation may occur at the 
isolated minima (displayed as bright circles or bright segments (or filaments). The size and the abundance of stars are determined 
by their distances from the two SHP groups.  Note that the stars in the center or mid-region of the galaxy are significantly larger 
in size and smaller in number than those near the SHP groups.  Further note the broad arcs produced at a great distance from the 
galaxy center.  
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The sizes of the stars are therefore dependent on the distance parameter ܣ, which determines 
the closest point of intersection to either one of the SHP groups, and therefore the minimum 
size of stars produced within the galaxy.65  As the galaxy center is relatively far from both SHP 
groups (by as much as 1.8 ݇ܿ݌ in this example), the stars produced at the intersection points 
close to the center are expected to be fewer in number and larger in size than those produced 
closer to either one of the SHP groups.  This phenomenon was observed near the core of the 
Milky Way Galaxy (Courtland, 2008).  

An important factor left out of the above discussion is that most of the galactic SHP 
groups in the observed galaxies should be rotating.  In the static scenario, where either no 
rotation or a very slow rotation takes place, each intersection is potentially capable of producing 
a single star, which then remains trapped within the local minima. However, in the case of rapid 
SHP group rotation, it will be shown that following the collapse of a gas cloud, the pattern 
generated by the rotating SHP groups will move too fast for the newly generated stars to keep 
pace.  As the pattern rotates away from the newly formed stars, new clouds of gas emerge and 
are forced to collapse into the shifted minima intersections.  This process may repeat 
continuously, resulting in the steady creation of a large number of stars, as long as there is no 
shortage of interstellar gas.  A more detailed description of the process of star formation, 
fragmentation, and the influence of the rotation of SHP groups will be provided in Chapter VI.66  

Extending the discussion, equation 4-1-1a will be applied to map and evaluate a series of 
known morphologies that may have been generated by binary SHP groups.  The resultant models 
will then be compared with morphologies observed in various galaxies and nebulae.  Features 
such as multiple rings, arcs, spirals and ansae will also be considered and explained.  Current 
theories suggest that some of these features may in part be determined by binary central stars, 
external interactions, stellar winds and magnetic fields in the case of planetary nebulae, or by the 
gravitational influence of companions or collisions in the case of galaxies; however the exact 
mechanisms which drive the diverse morphologies are not yet well-understood, and certainly not 
proven.   

We begin using the above scenario of binary SHP groups, each containing a single type 
of superheavy particle.  The SHP groups may either remain stationary or may rotate around each 
other at relatively low velocity.67  In such a system, the morphology will be shown to be 
determined mainly by the value of the parameter ܣ, which is equal to the orbital radius of a 
single or binary SHP groups around the center of the core of the galaxy or nebula.  

 

 

                                                 
65 In the example provided in the figure, the closest intersection to the SHP groups is at a distance of about 0.2 ݇ܿ݌ to 0.3 ݇ܿ݌ 
from one group, and about 4 ݇ܿ݌ from the other.  It is possible to estimate the minimum star size by either zooming the display 
around the minimum point to a sufficient display resolution, or by applying equation 2-1-12 to calculate the indices ݊ of the 
contours generated by each SHP group and equation 2-1-16 to calculate their estimated widths. 
66 See section VI-4. 
67 In the Newtonian scenario, the SHP groups must rotate around each other, or otherwise collapse into each other. Thus, the 
scenario of no rotational velocity is unstable.  According to the UG theory, this is not necessarily the case for two massive 
superheavy particles, since two SHPs can be kept apart by the rejection zones (or maxima) created by their interaction. 
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Section IV-1-3: Butterfly Formations in Planetary Nebulae 
 

Figure 4-3a provides the two dimensional map of a nebula generated by two stationary 
(or slow rotating) SHP groups separated by a distance of 2ܣ, where ܣ ൌ ܯ  ,ܿ݌ 0.6 ൌ 2.625 ݃, 
ݒ ൎ ீܯ and the overall mass of ordinary matter in the cloud is about ݏ/݉ 0 ൌ 10ଶଷ ݇݃ (using a 
single cut-off value of ܧ ൏ െ5 כ 10ିଷଶ ܬ).  The resultant image appears as a butterfly structure 
composed of narrow arcs, bearing a close resemblance to the morphology of a number of axially 
symmetric, or “butterfly” nebulae (see NGC 6302 in figure 4-3b, NGC-2346 in figure 4-3c and 
the Boomerang Nebula in figure 4-3d).68  The width of the two outer lobes, or the “wings” of the 
butterfly formation, is determined by the value of ܣ. The span of the two wings increases as ܣ is 
reduced, becoming a full circle as ܣ ⁄ݎ ՜ 0.  Reduction of the ordinary matter effect ீܯ  will 
strengthen the butterfly morphology.  However, increasing ீܯ  by a factor larger than ten (in this 
example) may eliminate the butterfly pattern, instead creating a pattern of concentric spheres or 
circles.   Note that for the case of a static or slow-rotating nebula, the nebular structure is not 
reduced to a thin rotating disk and retains substantial depth. Therefore, the minima arcs become 
spherical sub-sections that appear to overlap when viewed from our Solar System, obscuring the 
view of the arcs but not the general view of the butterfly wings.   

 
 

Figure 4-3a: Displays the two dimensional map of the potential energy minima contours of an ordinary particle of mass ݉௣ as a 
function of its location in the galaxy plane ݖ ൌ 0, calculated by applying equation 4-1-1a to a nebula with stationary or low 
velocity SHP groups separated  by the distance 2ܣ from each other.  The resulting morphology resembles the general structure of 
the Bug Nebula NGC-6302, the Butterfly Nebula NGC-2346 and the Boomerang nebula shown in figures 4-3b, 4-3c and 4-3d 
respectively.    
 
 
 

                                                 
68  Nebulae of this type are currently believed to have been formed by the outflow of gas from a massive central star and to be 
relatively short-lived phenomena, lasting only a few tens of thousands of years.  According to unified gravitation, the structure of 
a nebula is determined by the mass of its core of ordinary matter and by the size, quantity and orbit of its SHP groups.  Therefore, 
as long as the above parameters are not subject to significant change, nebular morphology is a long-lasting phenomenon.  
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   4-3b               4-3c            4-3d 

    
Figure 4-3b:  An image of NGC 6302, or the Bug Nebula, taken by the refurbished Hubble Space Telescope, shows a celestial 
object that looks like a delicate butterfly.  The image, provided by NASA, was released Wednesday, Sept. 9, 2009 (AP 
Photo/NASA); http://nasa-satellites.blogspot.com/2009/09/excellent-images-from-refurbished.html. 
Figure 4-3c: NGC 2346, the Butterfly Nebula, courtesy of Massimo Stiaelli (STScl) and NASA; 
http://www.nasaimages.org/luna/servlet/detail/NVA2~4~4~7989~108515:NGC-2346--A-Butterfly-Shaped-Planet. 
Figure 4-3d: A Hubble space telescope image of the Boomerang Nebula provided by NASA; 
http://www.spacetelescope.org/images/html/heic0301a.html. 
 
Section IV-1-4: Hourglass Structures 
 

  The same methodology can be applied toward producing the hourglass structure 
observed in MyCn 18 (figure 4-4e), or at the center of the Southern Crab Nebula (figure 4-4b).  
Such structure requires at least two superheavy particle groups.  The highly symmetrical 
structure of the hourglass morphology suggests the existence of two dominant groups of equal 
SHP mass.  The value of ߁ is more difficult to estimate, however the selection of ߁ ൌ 1 is a 
reasonable starting point.  Equation 4-1-1b can be divided by ܰெܰ௠೛ without bearing any effect 
on the overall morphology, as the potential energy minima will remain at the exact same 
locations as long as ீܯ  is also divided by ܰெ.  Therefore, ܰெ ൌ ܰ௠೛ ൌ 1 can be selected.  Since 
ܣ ՜ 0 was shown to produce concentric spheres or circles, a larger distance ܣ should be tested.  
Initially, we can arbitrarily select values of ܯ ൌ 2.5 כ 10ହ ݇݃ and ீܯ ൌ 0 and then apply the 
first scaling theorem of the UG theory for correction.69  Comparing the two dimensional maps 
generated by different values of ܣ with the desired morphology provides a relatively good fit at 
ܣ ൌ  The resultant map in figure 4-4a demonstrates a close resemblance to the central  .ܿ݌݇ 0.18
section of the Southern Crab Nebula in the constellation of Centaurus.  Plotting the concentric 
equi-potential minima contours of the two SHP groups provides vivid insight into how such a 
pattern is formed at the intersections of the various minima contours.  Note that finding the right 
value of ܣ is not difficult since the general hourglass structure appears within a wide range of ܣ 
values, and can easily be fined-tuned via trial and error to generate the desired ݕ-ݔ proportions. 

                                                 
69 The first scaling theorem is discussed in Appendix A. 
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Using the above parameters results in a galactic-scale radius of 16.4 ݇ܿ݌, which is about 111,000 
times larger than the desired dimensions of a nebula of roughly 0.15 ܿ݌.  With the aid of the first 
scaling theorem of the UG theory, the transformation of ܯ ՜ ܯ 111,000 ൎ 2.25 ݇݃⁄ ܣ , ՜
ܣ 111,000 ൎ ⁄ܿ݌ 0.0016  and ߱ ՜ 111,000߱ ൎ 0 will provide the exact same morphology in 
the typical scale of planetary nebulae.70  MyCn 18 (figure 4-4e), known as the Engraved 
Hourglass nebula, provides a similar bipolar morphology, but differs in two important aspects:  
First, the dramatic, bright central core observed at the center of the Hourglass nebula does not 
appear in the calculated model of figure 4-4a.  In addition, the two sets of concentric circles are 
observed to overlap significantly, rather than simply intersecting at a single point at the center (as 
is the case in figures 4-4a and 4-4b).  The results obtained by applying the scaled-down 
parameters ܯ ൌ 2.25 ݇݃ and ܣ ൌ using a potential energy cut-off of  െ1.17 ܿ݌ 0.0045 כ
10ିଶସ ܬ and adding into the equation the contribution of ordinary matter of ீܯ ൌ 3 כ 10ଶ଼ ݇݃ at 
the center of the nebula are presented in figure 4-4c.  The resultant object is of the size of a 
typical nebula, and retains its general morphology beyond the central area of the structure.  The 
addition of a large mass of ordinary matter at the center of the galaxy produces a strong 
gravitational pull inward towards the center.  The gravitational pull is especially robust at low 
radii, resulting in the formation of a circular bulge at the galactic core, where the size of the 
central bulge increases with the amount of ordinary matter near the center of the galaxy. 

 

  
Figure 4-4a: Demonstrates an hourglass morphology generated by two stationary single-particle SHP groups of SHP mass 
ܯ ൌ 2.5 כ 10ହ ݇݃, where the SHP velocity ݒ ൌ 0, and the distance between the SHP groups and center of rotation is 
approximately ܣ ൌ  ,The calculated pattern bears a close resemblance to the center of the Southern Crab Nebula  .ܿ݌݇ 0.18
displayed in figure 4-4b.  Also shown are the two identical sets of concentric minima contours produced by group 1 (green) and 
group 2 (cyan), which are displaced by a distance of 2ܣ ൌ  The overall potential energy minima are given by the  .ܿ݌݇ 0.36
intersections between the two sets of minima contours respectively generated by each of the two SHP groups,  and are indicated 
in blue. Note that the calculated morphology depicts an additional set of arcs along the galaxy’s axis of symmetry (the ݕ axis) 
that were not detected in the observed images (these two additional calculated arcs provide spiral arms in cases of rapidly rotating 
SHP groups). 
 

                                                 
70 In this example, ݓ ൌ 0 and ீܯ ൌ 0, and do not need to be taken into account. 
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To resolve the lack of overlap between the two sets of contours generated by the two SHP 
groups in the modeled galaxy (relative to the observed image of MyCn 18), a greater distance 
value can be used.  Figure 4-4d demonstrates that the relatively large overlapping area between 
the two sets of circular contours in MyCn 18 may be generated by introducing a much larger 
distance ܣ ൌ ீܯ Application of this value, using  .ܿ݌ 0.108 ൌ 2 כ 10ଶ଼ ݇݃, ܯ ൌ 0.75 ݇݃, 
߁ ൌ 1, and ݒ ൌ  provides two sets of concentric overlapping contours, as well as a central ݏ/݉ 0
accumulation of matter, resulting in an almost identical morphology to the Hourglass nebula. 
 

 
Figure 4-4b: The Southern Crab Nebula, image credit: Romano Corradi Instituto de Astrofisica de Canarias, Tenerife, Spain, 
Mario Livio, Space Telescope Science Institute, Baltimore, MD, Ulisse Munari, Osservatorio Astronomico Di Padova-Asiago, 
Italy, Hugo Schwarz Nordic Optical Telescope Canarias Spain, and NASA. 
 

 
Figure 4-4c: Scaling down by a factor of about 1/111,000 and adding the contribution of 3 כ 10ଶ଼ ݇݃ of ordinary matter at the 
center of the structure provides the dimensions of a typical nebula, and an internal central bulge similar to the center of the 
hourglass nebula shown in figure 4-4e.  
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Figure 4-4d            Figure 4-4e 

         
Figure 4-4d: Demonstrates a calculated hourglass morphology generated by two stationary single-particle SHP groups of SHP 
mass ܯ ൌ 0.75 ݇݃, where the SHP velocity ݒ ൌ 0, the distance between the SHP groups and their common center of mass 
ܣ ൌ ீܯ and the overall mass of ordinary matter ,ܿ݌ 0.108 ൌ 2 כ 10ଶ଼ ݇݃.  The calculated pattern bears a significant 
resemblance to the center of the Hourglass nebula MyCn 18 displayed in figure 4-4e. 
Figure 4-4e: The Hourglass Nebula, MyCn 18.  Image credit: R. Sahai and J. Trauger, Photo AURA/STScl/NASA/JPL (NASA 
photo # STScl-PRC96-07); http://apod.nasa.gov/apod/ap020615.html. 
 

   
Figure 4-5a             Figure 4-5b                                     Figure 4-5c 
 

Figure 4-5a: Displays a two dimensional map of the potential energy contours of an ordinary particle of mass ݉௣ as function of 
its location in the galactic disk for a galaxy similar to the one used in figure 4-4a, using a superheavy particle of mass ܯ ൌ
50,000 ݇݃.  The black contours include the lowest minima regions, where 0 ൏ ߦ ൏ 2.5 כ 10ିଶଵ ܬ, while the yellow contours 
provide the range where 2.5 כ 10ିଶଵ ܬ ൏ ߦ ൏ 20 כ 10ିଶଵ ܬ.  Ordinary matter is expected to concentrate at the minima contours 
(mainly at the black contours, and to a lesser degree at the yellow contours), resulting in a ring morphology. Also displayed are 
the circular minima contours of the potential energy contribution of each of the two SHP groups (in green and cyan).  Note the 
resemblance to the planetary nebula Abell 39 in figure 4-5c and to Hoag’s object in figure 4-5b.   The following parameters 
were used: ܯ ൌ ݒ ,݃݇ 50,000 ൌ ீܯ ,ݏ/݉ 0 ൌ 0, and ܣ ൌ   .ܿ݌݇ 1
Figure 4-5b: Image credit: NASA and the Hubble Heritage Team (STScI/AURA) Acknowledgment: R. Lucas(STScI/AURA)   
http://www.nasaimages.org/luna/servlet/detail/NVA2~4~4~4753~105279:Hoag-s-Object--A-Strange-Ring-Galaxy. 
Figure 4-5c: The Planetary Nebula Abell 39, WIYN Observatory’s 3.5-m (138-inch) telescope at Kitt Peak National 
Observatory, Tucson, AZ, image credit: “NOAO/AURA/NSF.” 
 

ܿ݌݇

 ܿ݌݇

 ܿ݌݇

ܿ݌݇



 

84 
 

Section IV-1-5: Ring Morphologies in Galaxies and Nebulae 
 
 Figure 4-5a depicts a similar galaxy of SHP mass ܯ ൌ 0.5 כ 10ହ ݇݃ and orbital radius 
ܣ ൌ  viewed in a substantially increased display threshold using two cut-off energy levels ,ܿ݌݇ 1
0 ൏ ߳ ൏ 2.5 כ 10ିଶଵ ܬ and 2.5 כ 10ିଶଵ ܬ ൏ ߳ ൏ 20 כ 10ିଶ଴ ܬ to show only the vicinity of the 
minima (where darker color values indicate lower potential energy).  The resultant morphology 
transforms into a ring structure, bearing a resemblance to a number of galactic systems with 
external rings, such as Hoag’s Object in figure 4-5b (Hoag, 1950), as well as NGC 6028 (Vorontsov-

Velyaminov, 1959), NGC 2859 (Sandage, 1961), UGC 9562 and NGC 3081. The model may be scaled 
down to the dimensions of a typical nebula (via the first scaling theorem of the UG theory given 
in Appendix A) to explain the structure of ring nebulae such as Abell 39 in figure 4-5c.   
 
Section IV-2: The Influence of SHP Group Rotation on Morphology and the 
Creation of Spiral Galaxies  
 
Section IV-2-1: The Creation of Spiral Structures via Two Non-Relativistic Rotating SHP 
groups  

 
The morphology of galaxies can be sorted into four main categories according to the 

Hubble Classification System, dividing regular galaxies into three broad classes- elliptical, spiral 
and lenticular galaxies, as well as a fourth class of galaxies with an irregular appearance.71  The 
Hubble sequence shows significant variation even within its broad morphological classes, and 
the transitions between them are relatively smooth.  Thus, classification provides only an 
approximate procedure, where two skilled astronomers may arrive at two different classifications 
for the same galaxy.   

Among the morphological classes, spiral galaxies have proven to be particularly 
intriguing and challenging, as understanding their evolution and the variation among their local 
properties has shown to be one of the more complex undertakings in astrophysics.  Drawing on 
earlier work by Bertil Lindblad, C.C. Lin and Frank Shu suggested that the spiral pattern can be 
viewed as a manifestation of low-amplitude “density waves” that rotate throughout the galaxy 
with fixed angular speed called pattern speed, causing a periodic compression and rarefaction of 
the disk surface (Lin & Shu,1964).  As the compression wave rotates, it triggers star formation on the 
leading edge of the spiral arms.  Lin and Shu also assumed that in the large-scale spiral structure, 
the appearance of spiral arms remains stable over many orbital periods.72  At present, near-
infrared images of nearby galaxies have provided convincing evidence that the large-scale spiral 
structure is a density wave.  However, emerging theories suggest that the spiral pattern is far 
from stationary, and that spiral structure may result from a wide variety of causes. The study of 
the dynamics of differentially rotating disks has since developed into an extensive density wave 

                                                 
71 Additional classes and sub-classes have been added over time, for example Arp’s peculiar class, which includes a class of ring 
galaxies.  
72 Alternatively, Lin and Shu assumed that the spiral pattern is a long lasting stationary density wave. 
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theory.  The theory has achieved relative success in explaining how spiral patterns can persist for 
a greater length of time than the particular arms we see at a given moment, leading to a semi-
empirical approach for modeling different spiral morphologies.  Other theories suggest that the 
formation and evolution of spirals, as well as a broad range of galactic morphologies, can be 
explained via gravitational encounters or collisions between galaxies.  Nevertheless, in their 
book Galactic Dynamics, James Binney and Scott Tremaine stated “The number of reviews of 
spiral-structure theory is disappointingly small” (Binney & Tremaine, 2008).  While observations provide 
persuasive evidence of the existence of density waves, the exact nature of the density wave is not 
yet well-understood and the number of galaxies successfully modeled (quantitatively) is small. 
 By means of the UG theory, spiral morphology can be generated by the interaction 
between a test object and two (or more) SHP groups rotating at non-relativistic speeds of  
ଶగ஺௖
௕௠೛ெ

ػ ݒ ا ܿ, or by a single (or more than one) SHP group rotating at a relativistic speed. 

According to equation 4-1-1a, the size and morphology of a galaxy depends on the mass of its 
dominant superheavy particles, the rotational velocity of the SHP groups, and their radii of orbit 
around the center of the galaxy.  The mass of superheavy particles in equation 4-1-1a affects the 

potential energy amplitude through the term 
ீே೘೛௠೛ேಾெ ఊమሺ௩ሻ

௔
, and the size of the galactic disk 

through the term ܿݏ݋ ൬௕௠೛ெఊሺ௩ሻ 
஽̀ೞ೔

൰.  Note that the SHP contribution to the object’s potential 

energy increases its potential energy amplitude by a factor of γଶሺݒሻ.  Therefore, the rotational 
velocity of the SHP groups increases the effective size of the galaxy by a factor between γሺݒሻ (in 
the direction perpendicular to the direction of the velocity of the SHP group) and γଶሺݒሻ (in the 
direction parallel to the direction of the SHP velocity).73  The farthest substantial zonal minimum 
from the center is located at ̀ܦ௦೔ ൎ ܾ݉௣ߛܯሺݒሻ  ⁄ߨ2   in the relativistic case (which is reduced to 
௦೔ܦ̀ ൎ 2ݎ ൎ ܾ݉௣ܯ  ⁄ߨ2   in the non-relativistic case).  The farthest substantial minimum provides 
the distance of the last significant outer contour (or isophote) containing a high density of 
matter,74 and therefore defines the visible edge of the galaxy, or the galactic disk radius.  In 
figures 4-1 to 4-5, the morphology appears to be far more sensitive to the radius ܣ of the SHP 
group(s) than to changes in the number of SHPs within the SHP group(s), or to changes in the 
SHP mass (at least for the case of a single dominant SHP). 

                                                 
73 The dependency of the size of the galaxy in the direction parallel to the direction of the velocity of a superheavy particle group 
can be proportional to ߛଶሺݒሻ, due to the contribution of ߛሺݒሻ in the denominator of the cosine operand, and the fact that D̀ୱ౟ can 
be reduced by a factor of γሺݒሻ in the parallel direction. 
74 The radius of the most external minimum actually resides at a farther distance, at approximately 
଴ݎ ൌ ܾ݉௣ܯ  ⁄൯ܯ൫ܽ/ܾ݉௣݊ܽݐܿݎܽ ب  ଶ.  However, at this distance the UG equation becomes almost indistinguishable from theݎ
Newtonian equation, and since the total mass of the superheavy particles is significantly smaller than the total mass of ordinary 
matter in the galaxy, the minimum contour at ݎ଴ would not be noticeable.  Instead, a minimum contour occurs somewhere 
between the maximum contour ݎଵ and the minimum contour ݎ଴ at the point where the rate of change of the ordinary matter 
contribution to the potential energy of the object is equal in magnitude, but opposite in sign to the rate of change of the galaxy’s 
SHP contribution.  As this minimum occurs at greater distance from the galaxy’s main body, where the UG equation becomes 
almost indistinguishable from the Newtonian equation, and as the contribution of the galaxy’s ordinary matter to the potential 
energy of the object is also substantially reduced at the given distance, the visual effect of this additional minimum contour is 
relatively small.  
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 Recall that as a cloud of gas collapses inward under its own gravitational force to form a 
galaxy, the law of conservation of angular momentum dictates that its rotation must accelerate as 
it becomes more and more compressed.  According to the UG postulates, the extreme conditions 
generated by the collapse lead to the creation of massive superheavy particles.  As of equation 3-
3-1, the velocity of SHP groups is proportional to their radius of orbit, and may therefore be 
relativistic.  
  In the case of two stationary or very slow rotating binary SHP groups, an hourglass 
pattern similar to the observed nebula MyCn 18, or to the center of the Southern Crab nebula, 
can be generated at distances ݎ not much larger than the order of ܣ.  As the distance between the 
SHP group and the object increases well beyond ܣ, the morphology begins to change into a 
butterfly pattern, and eventually forms a concentric ring structure at ݎ ب  where the distance ,ܣ
separating two successive rings increases with their distance from the SHP groups.  
  The rotation of SHP groups will be shown to result in the formation of spiral structures.  
The mechanism responsible for the creation of spirals at low velocities differs from the 
mechanism responsible for the creation of spirals at relativistic velocities.  At low rotational 
speeds, a minimum of two SHP groups are necessary in order to create a spiral structure.  In the 
relativistic case, however, due to the effect of relativistic distance contraction in the direction 
parallel to the direction of the SHP velocity, and to the lack of relativistic contraction in the 
perpendicular directions, even a single SHP group may be sufficient to produce spiral 
morphology.  

We begin with the non-relativistic case.  Figure 4-6 displays a two dimensional map of 
the potential energy minima contours of an object composed of a single ordinary test particle of 
mass ݉௣ as a function of its location within the galactic disk plane.  The provided galaxy 
contains two SHP groups of SHP mass ܯ ൌ 0.8 כ 10ହ ݇݃ traveling at a velocity of ݒ ൌ 0.03ܿ at 
a radius of ܣ ൌ ߁ where ,ܿ݌݇ 0.048 ൌ 1 and ீܯ ൌ 2 כ 10ଷହ ݇݃.  The minima contours of the 
overall potential energy were again calculated via equation 4-1-1a, and the display provides the 
regions where the test particle’s potential energy complies with െ10ିଶଵ ܬ ൏ ܧ ൏  The  .ܬ 0
particle’s potential energy minima, indicated in black, are shown to be located at the 
intersections of the minima contours of the two SHP groups, indicated in cyan and green 
respectively.  The figure demonstrates a clear spiral structure at the central part of the galaxy.  
The spiral arms are constructed from arcs, which appear relatively short near the galaxy center 
and grow longer as the test particle’s distance from the center increases.   

The mechanism at work to produce the spiral structure at non-relativistic velocities 
requires at least two SHP groups, where each group generates a set of concentric minima around 
itself.  Equation 4-1-1a provides minima at the coordinates at which the two cosine terms are 
either equal to or very close to 1.  At these locations a circular minimum contour produced by a 
single SHP group (in cyan) coincides with a circular minimum contour produced by the other 
SHP group, forming a set of arcs at and near their intersection points.  As the distance between 
the minimum intersections and the central SHP groups increases, a greater amount of time is 
required for the gravitational signal traveling at a relativistic velocity ܿ to arrive.  This lengthens 
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the distance traveled by the two SHP groups between the time(s) that the gravitational signals (or 
gravitons) were emitted, as well as the time of their simultaneous interception by the orbiting 
object.  Consequently, the arcs that are farther away from the galaxy center will lag behind those 
closer to the center, in effect creating a spiral pattern.   

 

 
Figure 4-6:  Depicts the contours that fulfill equation 4-1-1a, where both SHP groups rotate at a non-relativistic speed of 
ݒ ൌ 0.03ܿ.  A clear spiral structure appears at the central part of the galaxy, created at the intersection points of the two sets of 
concentric circular contours generated by the two rotating SHP groups. 
  

The complete mathematical formulation leading to the spiral is given by equations 4-1-
1a, 3-1-17a, 3-1-17b and 3-1-20.  The following explanation, while making some 
approximations, can make these mathematical results somewhat more intuitive. 
 Following equation 2-1-12, the radii of a set of potential energy minima generated by a 

stationary SHP group can be approximated by ݎ௡ ൎ
௕௠೛ெ
௡గ

 (for ݊ ൌ 2, 4, 6…).  A second factor 
affecting the minima locations is the displacement of the SHPs during the finite time it takes the 
gravitational signal to reach the orbiting ordinary particle.  This results in different sections of 
spacetime being affected by the gravitational pull created by the SHP groups at different times 
and different locations.  For the case where the speed of SHP groups is small relative to the 
speed of light, or ݒ ا c, the difference in the amount of time it takes the gravitational signal to 
propagate between the two successive minima contours indexed ݊ െ 2 and ݊ is ∆ݐ ൎ
൬
್೘೛ಾ
ሺ೙షమሻഏି

್೘೛ಾ
೙ഏ ൰

௖
ൌ ଶ௕௠೛ெ

௡ሺ௡ିଶሻగ௖
, in which time the two SHP groups were displaced by the angle of 

ܿ݌݇

ܿ݌݇
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∆߮ ൌ ݐ∆ݓ ൌ ௩
஺
ݐ∆ ൌ ଶ௕௠೛ெ௩

௡ሺ௡ିଶሻగ஺௖
.  Therefore, as long as ଶ௕௠೛ெ௩

௡ሺ௡ିଶሻగ஺௖
ا 1 and ܣ ا  the effect of the ,ݎ

SHP group rotation is negligible, and a standard hourglass morphology will result.  When 
ଶ௕௠೛ெ௩
௡ሺ௡ିଶሻగ஺௖

 becomes more substantial, but still significantly smaller than 2π (for example, 
ଶ௕௠೛ெ௩
௡ሺ௡ିଶሻగ஺௖

ൎ  the small angular displacement between the successive minima contours ,(20/ߨ

creates a clear spiral structure.  At larger distances of ଶ௕௠೛ெ௩
௡ሺ௡ିଶሻగ஺௖

ذ  is very small ܣ where ,ߨ

compared with ݎ௡ ൎ
௕௠೛ெ
௡గ

, the pattern displays both ring and spiral morphology.  At distances 

where ݎ௡ ൎ
௕௠೛ெ
௡గ

ب  the pattern becomes a ring galaxy (as long as the relative influence of the ,ܣ
galaxy’s ordinary matter is sufficiently small).  Therefore, a galaxy (of non-relativistic SHP 
velocities) may contain at least one outer ring, as well as an inner spiral structure located 

between the central core and the outer ring.  Such morphology may occur when ܣ ا ௕௠೛ெ
ଶగ

 and 

0 ا ଶ௕௠೛ெ௩
௡ሺ௡ିଶሻగ஺௖

ا  and is observed in M31 the Andromeda galaxy.  However, the relative ,ߨ2

effect of the galaxy’s ordinary matter may be sufficiently large to eliminate the outer rings.  
 The results of substituting the values ߁ ൌ ܯ ,1 ൌ 0.156 כ 10ସ ݇݃, ܣ ൌ      ,ܿ݌݇ 0.05
ݒ ൌ 0.1ܿ and ீܯ ൌ 1.5 כ 10ଷ଺ ݇݃ into equation 4-1-1a are depicted in figure 4-7a, providing a 
structure that bears a resemblance to a smoothed version of the Andromeda galaxy.  The 
modeled galaxy, viewed in face-on orientation, displays a central hourglass structure (which 
appears slightly distorted by the rotation of the central SHP groups) and a series of rings, where 
the most prominent outer rings (bright minima of ݊ ൌ 2, 4 and 6) are located at about 12 ݇ܿ݌, 
 as well as a more diffused inner structure.  A tilted version of the computed ,ܿ݌݇ and 4 ܿ݌݇ 6
galaxy is displayed in figure 4-7b. The model also depicts two trailing spiral arms in between the 
central bulge and the ring at 4 ݇ܿ݌ (see the enlarged view in figure 4-7g).  These features of the 
modeled galaxy fit well with the properties demonstrated by the Andromeda galaxy in figures 4-
7c and 4-7f, which depict two tightly wound trailing spiral arms that extend outward and 
transition into a ring galaxy between 3 ݇ܿ݌ and 4 ݇ܿ݌.  The rotating hourglass structure at the 
center of the modeled galaxy (figure 4-7g) also bears a resemblance to the general structure of 
Andromeda’s nucleus (figure 4-7f), additionally accounting for the ansae reported by Beaton et 
al. in 2007 (Beaton et al., 2007).  Note that the model predicts the existence of virtually an infinite 
number of ansae, which may be perceived as a single ansa on each side when viewed in 
insufficient resolution. 
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Figure 4-7a:  Substituting  ߁ ൌ ܯ ,1 ൌ 0.156 כ 10ସ ݇݃, ܣ ൌ ݒ ,ܿ݌݇ 0.05 ൌ 0.1ܿ and ீܯ ൌ 1.5 כ 10ଷ଺ ݇݃ into equation 4-1-1a 
provides a face-on view of a series of rings, where the most prominent outer rings (bright minima of ݊ ൌ 2, 4 and 6) are located 
at about 12 ݇ܿ݌݇ 6 ,ܿ݌ and 4 ݇ܿ݌, as well as a central hourglass structure that is slightly distorted by the rotation of the central 
SHP groups. The resultant structure bears a significant resemblance to a smoothed version of the Andromeda galaxy (see figure 
4-7c).  Note that the lowest few energy contours were displayed in black to increase the contrast between the central disk and the 
surrounding environment.   
 
 

Figure 4-7b: Display of the same modeled galaxy tilted at nearly 75.5° around the ݔ axis. 
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 Note that this simple model does not take into account the influence of Andromeda’s 
companion galaxy M32 on its morphology. A companion galaxy will be shown to explain 
distortions in the ring or spiral structures of galaxies such as Andromeda, as well as the 
appearance of “beads on a string.”  The influence of a companion galaxy on galactic systems will 
be demonstrated in section IV-4. 
 

  
Figure 4-7c: An infrared view taken by NASA’s Spitzer Space Telescope  revealed a dust ring deep within the Andromeda 
galaxy.  Combined with previous data of an outer ring, the image was interpreted as evidence that the neighboring dwarf galaxy 
M32 collided with the Andromeda Galaxy about 210 million years ago, plunging through its central disk. According to the UG 
theory, Andromeda’s rings are a direct consequence of equation 4-1-1a, while the appearance of “beads on a string” and the split 
of the outer rings are due to the gravitational effect of a companion galaxy (see section IV-5).  
Image credit: NASA/JPL-Caltech/K. Gordon (University of Arizona, http://www.spitzer.caltech.edu/Media/releases/ssc2005-
20/ssc2005-20a.shtml. 

 

              
Figure 4-7d: Provides a direct comparison between the calculated galaxy of figures 4-7b and the observed image in figure 4-7c.   
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Figure 4-7e      Figure 4-7f         Figure 4-7g 
 
Figure 4-7e: Provides the tilted version of the calculated image of the center of the Andromeda galaxy.  Note the ansae and two 
spiral arms displayed at the central bulge and  the similarities between the calculated image in figure 4-7e and the observed center 
of Andromeda in figure 4-7f.   
Figure 4-7f: A view of the center of figure 4-7c. 
Figure 4-7g: Provides a clear view of the calculated central disk of the modeled galaxy.  Note the appearance of ansae, as well as 
two short tightly wound trailing spiral arms extend outward and transition into a ring galaxy between 1.5 ݇ܿ݌ and 4 ݇ܿ݌. The 
lowest few energy contours are depicted in black to increase the display contrast between the central disk and the surrounding 
environment.   
 
Section IV-2-2: Relativistic Rotational Speeds of SHP Groups and the Creation of the 
Grand Design Spiral Morphology 
 

Accounting for the morphologies of certain grand design and flocculent spiral structures 
may require relativistic SHP velocities.  Some examples are shown in figures 4-8a to 4-8k.  
Figure 4-8a depicts a two dimensional map of the potential energy contours of an ordinary 
particle of mass ݉௣ within the rotation plane of a galaxy generated by identical binary SHP 
groups ሺ߁ ൌ 1ሻ, each containing a single SHP of mass 0.156 כ 10ହ ݇݃, traveling at a constant 
velocity ݒ ൌ  0.3ܿ (which translates to an angular velocity of ݓ ൌ ௩

஺
ൎ 5.122 כ 10ିହ ݀ݎ/year) in 

a circular orbit of radius 1.8 ݇ܿ݌ around the galaxy center.  The influence of the galaxy’s 
remaining ordinary matter ሺீܯ ൌ 0ሻ is initially neglected.  The resultant minima resemble 
slightly distorted elliptical (almost circular) isophotes of various sizes and orientations. These 
contours change smoothly in accordance with the distance of the ordinary particle from the 
galactic center, creating rings and arcs at the minima and relative voids at the maxima, as well as 
a slightly distorted or twisted hourglass pattern at the center of the galaxy.  Figure 4-8b displays 
the minima contours of the potential energy of an ordinary particle within the galaxy’s rotation 
plane using a similar scenario, where the speed of the SHP groups is increased to ݒ ൌ 0.4ܿ.  This 
increase in rotational velocity can be observed to result in a significant distortion of the 
morphology of the potential energy contours.  Applying the same parameters, figure 4-8c 
demonstrates the asymmetry produced by the influence of a single SHP group, or ߁ ൌ 0, rather 
than binary superheavy particles. Note that in the case of a single SHP group, the lack of 
intersection between different minima contours prevents the generation of a massive amount of 
stars.  If such structures exist, they should appear as asymmetric galaxies containing little or no 
stars.75 

                                                 
75 Some stars may form due to interactions of the single dominant SHP group and lesser SHP groups (smaller in size or quantity), 
or due to gravitational interactions with companion galaxies or nebulae.   
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Figure 4-8a: The lower image provides the two dimensional color map of the calculated potential energy of an ordinary particle 
of mass ݉௣ as a function of its location ሺݔ଴, ,଴ݕ 0, ߁ ଴ሻ, substitutingݐ ൌ ܯ ,1 ൌ 0.156 כ 10ହ ݇݃, ݒ ൌ ܣ ,0.3ܿ ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 0, 
ܰெ ൌ 1, ܰ௠೛ ൌ 1, ݉௣ ൌ 1.674 כ 10ିଶ଻.  The upper curve provides the potential energy along the ݔ axis.  The resultant minima 
contours resemble slightly distorted elliptical (almost circular) isophotes of various sizes and orientations.  These contours 
change smoothly in accordance with the distance of the ordinary particle from the galaxy center, creating rings and arcs at the 
minima (the brightest  contours) and relative voids at the maxima (at the darkest contours) as well as a slightly distorted 
hourglass pattern at the center of the galaxy. 
 
 
 
 
 

ܿ݌݇

ܿ݌݇
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Figure 4-8b: Displays a galaxy generated using the same parameters as figure 4-8a, where ݒ is increased to 0.4ܿ. Note that a 
decreased display resolution is used. 
 

Note that the isophote patterns in figures 4-8a and 4-8b are still approximately circular and do 
not yet provide a spiral structure.  However, when the SHP velocity is increased to ݒ ൌ 0.6ܿ, as 
shown in Figure 4-8d, the potential energy of the galactic disk begins to form into a spiral 
structure with two trailing arms, and the hourglass morphology at the center of the galaxy begins 
to shift into a bar-like structure.  It is generally quite difficult to determine simply by observation 
whether a spiral arm is leading or trailing.  However, in almost all cases where the result is 
unambiguous, the spiral arms are found to be trailing. This can be expected according to the UG 
explanation.  The underlying reason for the formation of the spiral morphology is that it takes 
longer for the gravitational signal to reach the farthest sections of the spiral arms than to the 
sections located closer to the galaxy center.  The farthest sections of the spiral are thus 
influenced by earlier locations of the SHP groups, and therefore lag behind their counterparts at 
the inner portion of the same spiral.  Consequently, the outer edge of a spiral arm should be 

ܿ݌݇

ݏ݈݁ݑ݋ܬ

ܿ݌݇

ܿ݌݇



 

94 
 

trailing, while the inner edge should be leading.76  Increasing the velocity of the SHP group to 
ݒ ൌ 0.68ܿ and ݒ ൌ 0.75ܿ strengthens the spiral structure.  As displayed in figures 4-8e and 4-8g, 
the spiral becomes tighter, further defining the central bar. 
 

 

Figure 4-8c: Depicts a galaxy generated via the same parameters as figure 4-8b with only a single superheavy particle ሺ߁ ൌ 0ሻ, 
producing clear asymmetry.   
 
 
 
 
 

                                                 
76 Further explanation is provided in Chapter VI.   
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Figure 4-8d: When the velocity of the SHP group is increased to ݒ ൌ 0.6ܿ  (using the same parameters of ߁ ൌ ܯ ,1 ൌ
0.156 כ 10ହ ݇݃, ܣ ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 0, ܰெ ൌ 1, ܰ௠೛ ൌ 1 and ݉௣ ൌ 1.674 כ 10ିଶ଻), the potential energy at the galactic disk 
begins to form into a spiral structure with two trailing arms, and the central hourglass morphology begins to shift into a bar 
structure.  
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Figure 4-8e                 Figure 4-8f 

     
Figure 4-8e: Setting the parameters ீܯ ൌ 4 כ 10ଷ଼ ݇݃ and ݒ ൌ 0.68ܿ, the calculated model bears a close resemblance to the 
morphology of the galaxy M81.   
Figure 4-8f: provides a composite of M81 from NASA’s Spitzer and Hubble space telescopes and NASA’s Galaxy Evolution. 
Image credits: NASA’s Spitzer and Hubble space telescopes and NASA’s Galaxy Evolution (NASA/JPL-Caltech/ESA /Harvard-
Smithsonian CfA); http://www.nasa.gov/mission_pages/spitzer/multimedia/spitzer-20070604.html. 
 
Note the similarity between the calculated pattern displayed tilted in figure 4-8e and the image of 
the galaxy M81 shown in figure 4-8f after modifying ீܯ ൌ 4 כ 10ଷ଼ ݇݃ and ݒ ൌ 0.68ܿ. 
   The dark section between approximately 40 ݇ܿ݌ ൏ ݎ ൏  in figure 4-8g provides ܿ݌݇ 50
the external maximum at ݊ ൌ 1.  The galaxy’s visible border is located at its ݊ ൌ 2 minimum 
contour at approximately 35 ݇ܿ݌,  and the area enclosed within this radius thus constitutes the 
galactic disk.  A focused view of the central part of ݎ د  ,is provided in figure 4-8h ܿ݌݇ 35
demonstrating a spiral morphology with two external trailing arms as well as an internal spiral 
that consists of both trailing and leading arms. While the trailing spirals are located at the outer 
end of the visible spiral arms, the leading spirals are located at the inner end of the spiral arms.77 
Note that this model bears a close resemblance to the galaxy NGC-4622 depicted in figure 4-8i.  
 
 
 
 
 
 
 
 

                                                 
77 It will be demonstrated that in the case of rapid SHP rotational velocities, the visible galactic arms are actually part of a larger 
trailing spiral structure that begins at the central nucleus and continues far beyond the galactic disk.  However, only some 
sections of the spiral have sufficiently low potential energy and a high enough density of matter to emit substantial radiation.  The 
perceived morphology therefore displays shorter segments of spirals with leading inner and trailing outer edges.  
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Figure 4-8g: Increasing the speed of the SHP groups to 0.75ܿ further strengthens the spiral structure and demonstrates both 
leading and trailing spiral arms, providing a morphology that resembles the galaxy NGC 4622. 

 
However, there is a clear difference between the modeled galaxy and the observed NGC 

4622 galaxy.  While the modeled galaxy provides a strong bar at its center, NGC 4622 
demonstrates an unbarred or oval structure.  Accounting for the additional influence of ordinary 
matter of mass of 2 כ 10ଷ଼ ݇݃ at the core of the modeled galaxy results in a non-barred spiral 
morphology, shown in figure 4-8j.  Therefore, the principal factor that determines whether or not 
a spiral galaxy is barred or oval is likely to be the relative amount of ordinary matter at its central 
core, or the ratio ீܯ ⁄ெܰܯ . 
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Figure 4-8h         Figure 4-8i 

   
 
Figure 4-8j                      Figure 4-8i 

                
 
Figure 4-8k       Figure 4-8i 

       
 
Figures 4-8h and 4-8i: Comparison of the calculated galaxy to NGC-4622 using ߁ ൌ ܯ ,1 ൌ 0.156 כ 10ହ ݇݃, ݒ ൌ 0.75ܿ, 
ܣ ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 0, ܰெ ൌ 1, ܰ௠೛ ൌ 1, and ݉௣ ൌ 1.674 כ 10ିଶ଻.  Credit for Figure 4-8i: G. Byrd, R. Buta, (Univ.Alabama, 
Tuscaloosa), T. Freeman (Bevill State College), NASA; http://apod.nasa.gov/apod/ap040221.html. 
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Figures 4-8j and 4-8i: Same comparison as displayed in figure 4-8h and 4-8i, however the amount of ordinary matter in the 
central disk at ݎ ا ଴ is set to 2ݎ כ 10ଷ଼ ݇݃.  The central bar structure of figure 4-8f is replaced by an oval bulge.  
Figures 4-8k and 4-8i: As the dark background of figure 4-8j provides limited contrast with the color of the calculated spiral 
arms, a similar comparison is displayed in figures 4-8i and 4-8k, where an inverted color scale is used (the maxima are indicated 
in light color values and the minima are indicated in dark values).78 
 

Section IV-2-3: Flocculent Spiral Structures 
 
As the velocity of the SHP groups increases to ݒ ൌ 0.85ܿ in figure 4-9a, the arms of the 

modeled galaxy become more tightly wound and segmented in appearance, bearing a 
resemblance to flocculent structures, as observed in the galaxy NGC 488.  To attain a better fit, 
the rotation of the two SHP groups was reversed relative to the previous modeled galaxies to a 
clockwise rotation (by using –ݓ rather than ݓ), and the total mass of ordinary matter at the 
central core of the galaxy was increased to 2.5 כ 10ଷ଼ ݇݃. 

 
Figure 4-9a                                                          Figure 4-9b NGC 488 

          
Figures 4-9a and 4-9b:  Comparison between a tilted view of the calculated galaxy and NGC 488, using the same parameters 
߁ ൌ ܯ ,1 ൌ 0.156 כ 10ହ ݇݃, ܣ ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 2.5 כ 10ଷ଼ ݇݃, ܰெ ൌ 1, ܰ௠೛ ൌ 1, ݉௣ ൌ 1.674 כ 10ିଶ଻ and an increased 
speed of ݒ ൌ 0.85ܿ.  The rotational direction of the SHP groups was reversed to clockwise.79 
Figure 4-9b: NGC 488, image credit: Johan Knapen and Nik Szymanek, Isaac Newton group of telescopes.  
http://images.google.co.uk/imgres?imgurl=http://www.ing.iac.es/PR/newsletter/news6/johan4.jpg&imgrefurl=http://www.ing.iac.es/PR/science/n
gc488.html&usg=__wsWG6nhi5biMN2pbNEcaq-dASU=&h=1143&w=1000&sz=110&hl=en&start=6&um=1&tbnid=tOUlfhc2uTM-
nM:&tbnh=150&tbnw=131&prev=/images%3Fq%3DNGC%2B488%2Bpicture%26hl%3Den%26sa%3DX%26um%3D1.      
 
 
 
 
                                                 
78 Note that the two white arcs at the central bulge are simply a calculation artifact, which occurs at extremely high potential 
energies where calculated numbers exceed the numeric range of the computer/graphical program.  In such cases the pixel remains 
white.  However, even those artifacts can provide useful information as they indicate the general areas where the SHP groups are 
located.   
79 Note that the image was calculated in a face-on orientation, and then tilted 35° around the ݕ axis and 2.5° around the ݖ axis, 
both counter-clockwise.  
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Section IV-2-4: Lenticular Galaxies 
 
  Lenticular galaxies are regarded as transitional objects between elliptical and spiral 
galaxies.  Similar to spiral galaxies they contain a rapidly rotating disk and a central bulge, and 
similar to elliptical galaxies they are often smooth and featureless, contain little or no cool gas, 
and have minimal or no star formation.  As the transition between the various morphological 
classifications is generally smooth, it is likely that more than one type of morphology can fall 
under the broad definition of lenticular galaxies.  Figure 4-10a provides an example of a 
calculated lenticular morphology.  Similar parameters to those used to model NGC 4622 in 
figure 4-8h were applied, 80 however the mass of ordinary matter at the center of the galaxy was 
increased to ீܯ ൌ 2 כ 10ଷଽ ݇݃.  Subsequently, the central bulge expanded to cover all of the 
minima contours up to the zonal minimum indexed ݊ ൌ 2 (therefore, the central bulge almost 
extends throughout the entire rotating galactic disk).  The resultant morphology resembles the 
lenticular galaxy NGC 2787, displayed in figure 4-10b.  
 
        Figure 4-10a                                         Figure 4-10b  

  
Figures 4-10a and 4-10b: Comparison between a UG calculated galaxy (with face-on orientation) and the lenticular galaxy NGC 
2787, using the following parameters for the calculation: ߁ ൌ ܯ ,1 ൌ 0.156 כ 10ହ, ܰெ ൌ ܣ ,1 ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 2 כ 10ଷଽ ݇݃ 
and ݒ ൌ 0.75ܿ. Image credit for figure 4-10b: Marcella Carollo (ETHZ), Hubble Heritage, NASA; 
http://apod.nasa.gov/apod/ap020408.html. 
 
 
Section IV-3: The Red Square and the Red Rectangle 
 

An interesting finding is made when zooming the display around one of the SHP groups 
to about 100pc, as shown in figure 4-11a.  The figure depicts several concentric crisscrossing 
isophotes, which emerge in patterns that bear a striking resemblance to MCW 922, the Red 
Square Nebula, and to the Red Rectangle provided by figures 4-11b and 4-11c respectively.  In 
2007 Peter Tuthill and James Lloyd reported the Red Square nebula to consist of a box-shaped X 
structure which necks down into identical opposing hyperbolic bicones, a series of orthogonal 
linear rungs, and a series of radial linear features resembling a comb that lie along the bicone 
surfaces (between the rung and the outer edge of the nebula).  They additionally noted that the 

                                                 
80 The following parameters were used: ߁ ൌ ܯ ,1 ൌ 0.125 כ 10ହ, ܰெ ൌ ܣ ,1 ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 2 כ 10ଷଽ ݇݃ and ݒ ൌ 0.45ܿ. 



 

101 
 

structures are, to a remarkable extent, reflection symmetric about the principle axis (Tuthill & Lloyd, 

2007).  All of these features appear in the marked sections of figure 4-11a.  According to Tuthill 
and Lloyd, “The finding of a cousin to the Red Rectangle, but with differing spectrum and a 
hotter central star, implies that the conditions of formation for these elegant bipolar ladders may 
not be so singular and unique as formerly thought.”  Indeed, the fact that several (at least four) 
such structures were found in this single model figure, and that they are very similar in general 
appearance yet somewhat differ in particular features, suggests that there may be many such 
structures even within a single galaxy.  

 

Figure 4-11a 

                                                                                         
                                                              Figure 4-11b                                       Figure 4-11c 
Figure 4-11a:  Provides a high resolution image of the same galaxy modeled in figure 4-8h, using ߁ ൌ ܯ ,1 ൌ 0.156 כ 10ହ, 
ܰெ ൌ ܣ ,1 ൌ ௚ܯ ,ܿ݌݇ 1.8  ൌ 10ଷ଺  ݇݃, and ݒ  ൌ 0.75ܿ.  The display is zoomed to about 100 ܿ݌ around one of the SHP groups.  
The circled areas bear a striking resemblance to MCW 922, the Red Square Nebula, and to the Red Rectangle shown in figures 4-
11b and 4-11c respectively (note that aside from the two circled patterns, there are few more similar unmarked patterns).  Note 
that for the purpose of clarity, the color scheme is reversed, where the darker color values indicate lower potential energy.  
Figure 4-11b: MWC 922: The Red Square Nebula credit (Tuthill & Lloyd, 2007); http://apod.nasa.gov/apod/ap070416.html. 
Figure 4-11c: The Red Rectangle, Image credit: H. Van Winckel (KULeuven), M. Cohen (UC Berkely), H. Bond (STScI), T. 
Gull (GSFC), ESA, NASA; http://www.nasaimages.org/luna/servlet/detail/NVA2~4~4~5326~105852: Rungs-of-the-Red-
Rectangle. 
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Section IV-4: Companion Galaxies 
 

Figure 4-12a provides the calculated potential energy of an ordinary particle of mass ݉௣ 
within the plane of a galaxy with one companion.  The parameters of the main galaxy are given 
by ߁ଵ ൌ ଵܯ ,0 ൌ 0.156 כ 10ହ, ܰெభ ൌ ଵܣ ,1 ൌ భீܯ ,ܿ݌݇ 1.8 ൌ 7 כ 10ଷ଼ ݇݃ and ݒଵ ൌ 0.8ܿ, and 
the parameters of the companion galaxy are given by ݔ ൌ ଶ߁ ,ܿ݌݇ 150 ൌ ଶܯ ,0 ൌ 0.6 כ 10ହ, 
ܰெమ ൌ ଶܣ ,1 ൌ మீܯ ,ܿ݌݇ 1.8 ൌ 7 כ 10ଷ଼ ݇݃ and ݒଶ ൌ 0.4ܿ (figure 4-12a).  The general structure 
of the calculated morphology bears a resemblance to the cartwheel galaxy shown by the Hubble 
Space Telescope (HST) image (figure 4-12b).  The two galaxies on the left side of the image are 
companion galaxies.  A similar pattern of “beads on a string” was spotted in Andromeda and 
number of other galaxies with nearby companion.  A comparable pattern is also apparent in 
figure 4-13, displaying the effect of a companion on supernova 1987A.  

       
Figure 4-12a: UG calculated image                                                    Figure 4-12b 
Figure 4-12b: Observed Cartwheel Galaxy ESO 350-40, image credit: NASA, ESA, and K. Borne (STScI) 
http://hubblesite.org/gallery/album/pr2007017d. 

 

 
Figure 4-13: Supernova 1987A, image credit: NASA, ESA, P. Challis and R. Krishner (Harvard-Smithsonian Center of 
Astrophysics); http://www.nasa.gov/multimedia/imagegallery/image feature 773.html. 
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Section IV-5: Multiple SHP Groups 
  

In the above examples, a simple model based on as little as four or five independent 
parameters (ݓ ,ܣ ,ܯ (or ݒ), ீܯ ܰெ⁄  and ߁ (for the case of binary SHP groups)) of a single 
galaxy composed of a single or binary SHP groups and ordinary matter was demonstrated to 
account for a variety of galactic and nebular morphologies.  However, as real physical systems 
are likely to contain multiple types of superheavy particles and multiple SHP groups, the UG 
model may be extended to cover more complex cases.  To start, a galaxy may contain multiple 
SHP groups rotating around the central core at different velocities and at various orbital radii.  
However, following the logic provided in section III-3, the orbits of the SHP groups are nearly 
circular and their rotational velocities are determined uniquely by their radii via equation 3-3-1, 
where ݒ௝ ൌ  ௝.  Therefore, any additional SHP group requires the addition of three or fourܣݓ
independent variables (ܯ௝, ܰெೕ ܰெ⁄  ௝).  Following the third section of chapter III, all of߁ ௝ andܣ ,
the SHP groups with orbital radii shorter than their zonal oscillation range with ordinary matter 
must comply with ܣ௝ ൏ ܿ ⁄ݓ , and must rotate together as a rigid body, in unison with the central 
core of the galaxy. A model of multiple SHP groups will be applied in the following chapter for 
a UG analysis of Saturn’s ring system. 
 The UG model can be further extended by allowing some SHP orbits to deviate from the 
rotational plane of the galaxy.  Substantial deviation, for instance a deviation of 90°, may explain 
the structure of polar ring galaxies while a lesser amount of deviation may explain the structure 
of ESO 510-G13, displayed in Figure 4-14. 
 

 
Figure 4-14: An edge-on view of the galaxy ESO 510-G13, image credit: NASA, the Hubble Heritage Team, and C. Conselice;  
http://heritage.stsci.edu/2001/23/caption.html. 
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Chapter V: Applying the Theory of Unified Gravitation to Saturn’s Ring System  
 
Section V-1: Summary of Current Theories 
 
  It has been nearly four hundred years since Galileo first observed Saturn’s extensive ring 
system, and about 20 to 30 years since smaller ring systems were discovered around Jupiter, 
Uranus and Neptune.  Despite the extensive study of planetary rings and major improvements in 
theory, as more detailed measurements become available, observations reveal increasingly 
complex systems, and many features within the rings have not yet been adequately explained.81  

Current theories explaining the observed planetary ring structures for the most part 
describe gravitational interactions between ring material, nearby satellites and the parent planet.  
As the mass of each of the four solar gas planets exceeds the mass of their respective satellites by 
several orders of magnitude, the planetary influence on the behavior of ring particles is likely to 
be far greater than that of the satellites.  When applied to an isolated planet-ring system (without 
the influence of nearby satellites), Newton’s theory of gravitation allows a rotating object to 
occupy one of an infinite number of possible Keplarian orbits, however does not maintain any 
intrinsic preference for one orbit over another.  Hence, an elaborate ring structure, as observed in 
the Saturnian system, is unlikely to be explained simply by Newton’s predicted gravitational 
interaction between ring particles and their parent planet.  Such structure, even if formed, would 
be expected to decay over time.  Current theories thus mainly center on orbital resonances 
between ring particles and satellites as the possible underlying cause for the planetary ring 
structure.   

  Large bodies cannot form spontaneously at orbital radii below the Roche limit of a 
planet, where the tidal forces acting on different portions of the bodies become stronger than the 
gravitational force that acts between them to keep them intact.  Therefore, satellites may form 
spontaneously only at radii exceeding their planet’s Roche limit.  In all four gas planets, the 
number of satellites decreases outside of the Roche limit, while their size and the space between 
them increase with distance from the planet.  As the orbits of the planetary satellites and ring 
matter are Keplerian, their orbital periods change continuously with distance from the planet, and 
their speeds reduce proportionally to 1 ଵݎ ଶ⁄⁄ .  Therefore, there are a large yet countable number 
of radii where the orbital period of the ring particles is a simple integer fraction of a given 
satellite’s orbital period, referred to as an orbital resonance.  At ring distances at which orbital 
resonances do not occur, the location of the closest encounter between the satellite and the ring 
particle varies and the average satellite’s influence on the ring particle tends to cancel out over 
time.  However, as a result of orbital resonances, periodic close encounters occur at fixed 
locations and the small gravitational forces from the satellite repeatedly act on the same ring 
material. After some number of orbits this may cause a notable disturbance.82  The migration of 

                                                 
81 A summary of what is known about the planetary ring systems, the current leading theories, and which features within the 
rings have not yet been adequately explained is provided in Planetary Ring Systems by Miner et. al (Miner, Wessen and Cuzzi, 2007). 
82 Another mechanism, known as a Lorentz resonance, is theorized to be capable of creating planetary rings with dust-size 
particles, by which small particles located slightly inward to or outward from the Lorentz resonance radius experience small 
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material away from the radii of the resonances is believed to explain some of the gaps within the 
rings.  In certain cases, a gap may be produced by an embedded satellite that is large enough to 
clear a space in the ring, as in the case of the moons, Pan and Daphnis, respectively located 
within the Encke and Keeler gaps in Saturn’s ring system.  A mechanism by which the gravity of 
a local moonlet, or shepherd moon, pushes ring material away was also thought to explain how 
narrow ringlets are confined and prevented from spreading out.83   

Although the current Newtonian-based theories have been successful in accounting for a 
small number of planetary rings and gaps, a broad and conclusive theory has not yet been 
developed to explain the structure and vastness of the known ring systems, or their specific 
patterns.  The relatively simpler ring systems of Jupiter, Uranus and Neptune are far from being 
understood, however they present far less of a challenge than the A and B rings of Saturn, where 
the origin of the rings and their unique properties are still unknown.  Explanation of certain A 
and B ring characteristics via orbital resonances requires an enormous amount of embedded 
satellites, all less than a kilometer in diameter.84  Even then, the cause of the irregular structure of 
the inner half of the B ring remains unaccounted for.  In the case of Uranus’s less extensive ring 
system, none of the known satellites provide the gravitational forces needed to confine its ring 
particles.  A thorough search to locate satellites closer to the planet than Cordelia restricts the 
possible size of satellites to be too small to effectively shape and confine the Uranian rings via 
gravitational shepherding.85  Further questions address the mechanisms that determine the 
sharpness and ellipticity of planetary rings.  It is unclear why some rings are sharp and narrow 
while others are wide and diffused, or why some of the rings are more elliptical than others, or 
what causes the formation of arcs. There are also questions as to how the planetary ring and 
satellite systems were created, their ages, and how they persist and change over time.  According 
to current theories, rings can essentially form in two ways: (1) Planetary rings may be a remnant 
of material from the distant past of a planet that was prevented from coalescing into individual 
satellites, or (2) ring material may be comprised of the remaining debris of former satellites that 
wandered too close to the planet and were torn apart by its gravitational tides, or of satellites 
shattered by collision with an interplanetary object.  Certain rings may also be replenished by 
meteoroid bombardment, or by eruptions from a nearby satellite.86  When applied to the 
estimated timescale of the rings, data from NASA’s Voyager Spacecraft in the 1970s, and later 
from NASA’s Hubble Space Telescope, led scientists to infer that Saturn’s present rings could 
not have existed for more than tens of millions of years, a small fraction of the age of the Solar 
System.  Planetary rings were thus believed to be a temporary feature created by some 

                                                                                                                                                             
forces that push them away from the resonance radius.  Over time, the region around the ring may become depleted of dust-size 
particles.  This process, however, cannot explain the existence of rings consisting of larger objects.  
83 Saturn’s F ring and the dense, narrow rings of Uranus rings were initially thought to have formed via gravitational shepherding.  
However, new discoveries have challenged this theory. 
84 With the current available observation resolution, any satellites with a diameter larger than one kilometer should have already 
been detected. 
85 An alternative theory suggests that the Uranian rings were formed by the trapping of outward drifting particles between 
resonances of the planet’s inner satellites (Fridman & Gorkavyi, 1994).  After their formation, the rings left the resonances that produced 
them and drifted hundreds of kilometers toward their current positions. 
86 It is current belief that eruptions from the moon Enceladus are the main source of material replenishment for Saturn’s E ring. 
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cataclysmic event(s) and expected to dissipate over time. However, it is very difficult to 
understand how such a massive ring system as Saturn’s could be so finely divided by those same 
processes over time periods lasting only tens, or at most hundreds of millions of years, especially 
when an interplanetary meteoroid flux is thought to have been almost depleted for a much longer 
period of time.  Features observed by NASA’s Cassini mission indicate that Saturn’s finely 
divided rings could not have resulted from a single cataclysmic event, and instead may persist 
through a recycling of material. Observations show that even when ring objects fragment into 
groups of smaller particles, they tend to re-clump together to sustain the overall ring structure. 
Support is subsequently escalating for the theory that the Saturnian ring system formed with the 
creation of the planet and Solar System, in contradiction to many existing theories.87   

  Finally, current theories that explain the structure of ring systems via interactions 
between their ring particles and satellites do not address questions as to why gas planets have a 
large number of satellites, or why those satellites rotate at their specific orbital locations.  Careful 
analysis of the orbital periods of satellites reveals that the resonances that occur between rings 
are of the same kinds that occur between satellites and rings, or between different satellites.  This 
strongly suggests that satellites and rings were formed from the same material via the same 
mechanism.  It is proposed by the UG theory that planetary satellites follow the same orbits 
previously occupied by former rings.  This view is further strengthened by the observation that 
both Saturn and Uranus have rings and satellites that share the same orbits.  Therefore, we are 
left with the classic chicken and egg question: which came first, the rings which formed the 
satellites or the satellites which formed the rings? 

Although Newton’s theory of gravitation (as well as general relativity) has been 
repeatedly tested and proven to work well in our Solar System, a four hundred year old question, 
which is older than the Newtonian theory itself, regarding the origin and the mechanisms 
underlying Saturn’s ring structure remains unsolved.  This query will be evaluated via a UG 
analysis of the Saturnian ring system.  The present goal, however, is to demonstrate the power of 
the UG theory and its ability to provide the general morphology and characteristics of complex 
systems on all distance scales. Therefore, the current UG analysis of planetary rings will be 
limited to Saturn’s main body of rings, specifically rings D, C, B, A and the Cassini Division.  
Nevertheless, the same methods and techniques used here may be applied to the remaining 
planetary ring systems.   
 
Section V-2: The D, C, B, A, and F Rings and the Cassini Division of Saturn 

 
Following equation 3-3-1 developed in chapter III-3, the velocity of the SHP groups in 

orbit around the center of an astronomical body is given by 
 

                                                 
87 NASA (December 12, 2007). “Saturn’s Rings May be Old Timers.” Press release.  Retrieved 2007-12-27. Archive copy at 
the Internet Archive http://www.nasa.gov/mission_pages/cassini/media/cassini20071212.html. 
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Equation 5-1 
௝ݒ  ൌ  ௝ܣݓ
 
where the following rules must be fulfilled: 
 

Rule 1:  In a steady state condition, all orbiting SHP groups with a zonal oscillation range 
exceeding their orbital radius ܣ௝ around the center of an astronomical body share the same 
angular velocity ݓ, where ݓ is the angular velocity of the central core of the astronomical body.   

 
Rule 2:  As a consequence of equation 5-1, and the requirement that the velocity of a 

superheavy particle cannot surpass the speed of light, all superheavy particles with a zonal 
oscillation range greater than ܣ௝ must reside within the distance ܣ௝ ൏  .from the center ݓ/ܿ

 
 A direct consequence of equation 5-1 is that the velocity of a superheavy particle of mass 
௝ܯ ൐

గ஺ೕ
௕௠೛ఊ

  is relativistic when ܣ௝ ՜  According to the theory developed in Chapter III  88.ݓ/ܿ

(and demonstrated for galaxies in chapter IV), the existence of wide rings and extensive spiral 
structure requires some SHP groups to orbit at relativistic speeds.89  Hence, achieving the vast 
and almost continuous spread of Saturn’s main body of rings requires that some of its SHP 
groups rotate at relativistic velocities.  However, the surface matter of the planet rotates at far 
below relativistic speeds.  This leads to the conclusion that Saturn’s central core must rotate at a 
far greater angular velocity than the planetary surface.  In the contrary case, if Saturn’s central 
core, and therefore its relativistic SHP groups, travel at an angular velocity lower than or equal to 
the angular velocity of the planet’s surface, the orbital radii of the relativistic SHP groups would 
need to exceed the radius of the planet by several orders of magnitude, resulting in an entirely 
different structure than observed.  As discussed in Chapter IV, ordinary matter accumulates to 
form rings or spirals in the vicinity of the deep minima contours created by the interaction 
between the dominant, centrally located SHP groups and ordinary matter.90  In the case of 
stationary superheavy particles (or low SHP velocities), the density of the ordinary matter is 
expected to increase in the vicinity of the resultant stationary (or low velocity) zonal minima.  
For the case where the angular velocity of the SHP groups exceeds the angular velocity of the 
orbiting object, the SHP-generated minima move faster than the ability of the object to follow.  
Thus, a higher density of ordinary matter can be expected at the minima of the average potential 
energy, where the average potential energy is calculated over a period of time equal to 2ߨ ⁄ݓ  
seconds.  In areas where the density of ordinary matter is sufficiently high and the gravitational 
tidal forces are not too strong, ring matter will begin to coalesce into satellites or other relatively 
                                                 
88 The zonal oscillation range of a superheavy particle of mass ܯ௝ and an ordinary particle of mass ݉௣ is given by ܾܯ௝݉௣ߛ ⁄ߨ .  
The planetary center is within the oscillation range of the SHP, which orbits at a radius ܣ௝ when ܯ௝ ൐

గ஺ೕ
௕௠೛ఊ

. 
89 In contrast, a superheavy particle group in orbit around the central core moving at a speed of  ݒ௝ ൌ ௝ܣݓ ا ܿ creates a narrow 
circular ring of the type demonstrated by Uranus. 
90 Planetary ring particles or objects are assumed to be too small to support superheavy particles of their own, thus they contain 
only ordinary matter. 
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large objects.  As the UG equations of motion have a linear dependency on the number of 
particles involved, and the process of coalescence is assumed to simply “glue” particles together 
while conserving their types and their numbers, the orbit of a newly constructed object should be 
approximately equal to the average of the prior orbits of its individual particles.  Furthermore, as 
the velocities of Saturn’s satellites and ring matter are observed to obey Keplerian dynamics, the 
angular velocity of the newly created object is expected to be slightly higher than the angular 
velocities of adjacent particles at larger orbital radii, and lower than the angular velocities of 
adjacent particles at smaller orbital radii.  In either case, the rotating object will periodically 
encounter nearby orbiting matter.  Over time the gravitational pull of the object, which is 
magnified by the accumulating effect of many synchronized periodic encounters, causes a 
disturbance and a shift in the orbits of surrounding matter.  Adjacent orbiting matter may 
consequently be absorbed into the forming object, or expelled away from their initial orbital 
locations, creating a small gap around the object’s orbit.  As the mass of the object increases, its 
gravitational reach expands, allowing for the consumption or ejection of material from a larger 
range of distances, consequently widening the gap.  The mass of the object and the size of the 
gap continue to grow as long as there is an available supply of matter in the vicinity of the object, 
and as long as the entire object is located beyond the planet’s Roche limit.91  
 The strength of a theory is determined by its ability to explain all observed phenomena 
using a minimal number of variables and assumptions, as well as its ability to correctly predict 
the outcome of new experiments.  The goal of the current exercise is to demonstrate the ability of 
the UG theory to explain the observed structure of Saturn’s main body of rings, specifically rings 
D, C, B, A, F and the Cassini Division, using a simple model of very few variables.  As 
discussed, a UG-based model that is capable of explaining a vast and complicated structure such 
as Saturn’s ring system requires superheavy particles orbiting at relativistic velocities.  The 
simplest possible UG model that fulfills this requirement consists of a single SHP group with 
                                                 
91 Based on Newtonian gravitation, a planet’s Roche limit resides at about ݎ ൌ ቀ௙ೝఘഥೞ

ఘഥ೘
ቁ
ଵ ଷ⁄

ܴ௦, where ܴ௦ is the radius of the planet,  
ҧ௠ provide the average densities of the planet and the object respectively, and ௥݂ is a constant, where ௥݂ߩ ҧ௦ andߩ ൌ 2 for the case 
of a rigid satellite and ௥݂ ൌ 2.423 for the case of a fluid satellite.  Relying only on Newtonian gravitation, it is difficult to explain 
the range of radii where both rings and satellites are observed to coexist (for example, in the range starting with the Encke gap, 
which contains the satellite Pan, up to Pandora’s radius of orbit between the A ring and the F ring).  The intermingling of rings 
and satellites can be explained relatively easily via the UG theory, as the potential energy of the object due to the contribution of 
SHP groups contains cosine terms that oscillate as a function of the inverse of their distance from the object.  In the range of radii 

in the vicinity of the classical Roche limit, or ݎ ൎ ቀ௙ೝఘഥೞ
ఘഥ೘
ቁ
ଵ ଷ⁄

ܴ௦, the additional oscillating terms create sub-zones in which the tidal 
forces of Saturn prevent additional coalescence, where planetary rings can consequently be retained.  These sub-zones are 
separated by a second set of sub-zones in which the tidal forces enhance coalescence, or are simply too weak to prevent it, 
possibly resulting in the formation of a satellite and in the consumption and/or ejection of the enclosed ring material.  Therefore, 
in this range of radii, a series of narrow rings and small satellites can coexist.  However, the amplitudes of the SHP-generated 
oscillations are relatively small compared with the amplitude of the potential energy contributed by the planet’s ordinary matter. 
Consequently, the oscillations affect the process by which matter coalesces to form a satellite mainly in the vicinity of the 
classical Roche limit. Outside this range of radii, the UG-based model becomes consistent with the results of the classical Roche 

model.  Hence, in agreement with the Newtonian theory, no satellites can form below the vicinity of ݎ ൎ ቀ௙ೝఘഥೞ
ఘഥ೘
ቁ
ଵ ଷ⁄

ܴ௦, while 
beyond this range, planetary rings coalesce into satellites over time.  However, contrary to the prediction of Newton’s theory, in 

the vicinity of ݎ ൎ ቀ௙ೝఘഥೞ
ఘഥ೘
ቁ
ଵ ଷ⁄

ܴ௦, rings and small satellites may coexist. 
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ܰெభ superheavy particles of particle mass ܯଵ rotating at a speed of ݒଵ ൌ  ଵ in a circular orbitܣݓ
of radius ܣଵ around the planetary center (using a total of five independent parameters ݓ, ܰெభ, 
 ௌ denotes the overall mass of Saturn’s ordinary matter).  This simpleܯ ௌ, whereܯ ଵ, andܣ ,ଵܯ
model will be demonstrated to successfully explain the general structure of the Saturnian ring 
system, as well as a number of principal ring characteristics. In particular, the model will address 
the origin and stability of the current ring structure, spiral wave patterns within the rings,92 the 
observed dynamic changes in structure occurring over time, and the phenomenon of spokes.   

While successful in explaining the general ring structure down to a scale of a few 
hundred kilometers, the simplified model does not produce the observed fine structure of 
Saturn’s rings.  Resolving this issue thus requires the addition of at least one more SHP group.  
To keep the complexity of the model to a minimum, a second group of ܰெమ SHPs of the same 
mass ܯଵ rotating at a velocity of ݒଶ ൌ  ଶ around the center of the planet in a circular orbit ofܣݓ
radius ܣଶ can be added, increasing the total number of independent variables to seven.  In this 

example the variables ܯଵ, ݒଵ, ݒଶ, ܣଵ, ܰெభ, 
ேಾమ
ேಾభ

 and ܯௌ ܰெభ⁄  were selected.  For simplicity, ݓ 

was replaced by ݒଵ, where ݓ ൌ ଵݒ Aଵ⁄ , and ܣଶ was replaced by ݒଶ, where ܣଶ ൌ ଶݒ ⁄ݓ ൌ
ଶݒଵܣ ⁄ଵݒ .93  The above analysis will be shown to produce a fairly accurate model of the general 
structure as well as the underlying fine-scale structure of Saturn’s main body of rings.  

An initial rough estimation of the mass of the superheavy particle that dominates the 
structure of Saturn’s ring system can be deduced from the characteristics of the outermost E ring, 
extending from about 183,000 ݇݉ to beyond 483,000 ݇݉ from the planetary center.  As the E 
ring provides the observed external boundary of Saturn’s rings, it can be assumed to reside in the 
vicinity of the outermost maximum contour of the SHP group that dominates within the range of 
62,000 ݇݉ ൏ ݎ ൏ 600,000 ݇݉.  Consequently, it is reasonable to assume that the outer 
maximum associated with the dominant SHP occurs somewhere between about 483,000 ݇݉ and 
600,000 ݇݉ from the planetary center.  Using the non-relativistic equation 2-1-42, the external 
maximum is given by 
Equation 5-2 

ଵݎ ൎ
ଵ݉௣ܯܾ

ߨ ൅ ଵሻߖሺݏ݋ܿܿݎܽ
     

 
where Saturn’s entire collection of ordinary matter and remaining superheavy particles (other 
than those of group 1) influences the location of this maximum exclusively through the term 
ଵሻ, where 0ߖሺݏ݋ܿܿݎܽ ൑ ଵሻߖሺݏ݋ܿݎܽ ൑ ݉݇ and 483,000 ߨ ع ଵݎ  ع  600,000 ݇݉.  Substituting 
these inequalities into equation 5-2, where the denominator of the equation is between ߨ and 2ߨ, 
yields 10ି଼ ݇݃ ع ଵܯ ع  2.5 כ 10ି଼ ݇݃.  To further narrow down the values of the dominant 
SHP group responsible for the general structure of Saturn’s ring system, equation 3-1-20 for the 
case of a single SHP group (or ߁ ൌ 0) reduces to 
                                                 
92 As matter of fact, the UG theory leads to the conclusion that the rings are composed almost entirely of tight spirals. 
93 As will be shown, the effect of ܰெభ and ܯௌ ܰெభ

⁄  on the morphology is relatively small, therefore reducing the minimum 
number of independent variables required to explain and emulate the rings of Saturn to five.   



 

110 
 

 
Equation 5-3a 

,଴ݔଵሺܧ ,଴ݕ ,଴ݖ ଴ሻݐ ൌ െ
ீேಾభெభே೘೛௠೛ ఊమሺ௩భሻ

௔
൬݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ൬௕ெభ௠೛ఊሺ௩భሻ

஽̀ೞభ
൰ െ 1൰ െ

ீே೘೛௠೛ெೄ

௥బ
ܼ ൅ ܰ௠೛݉௣ܿଶ ൅

൅ ଵ
ଶ
ܰ௠೛݉௣ݑଶ  

 
The term ܰ௠೛݉௣ܿଶ is independent of the locations of the minima, and thus bears no influence on 
the morphology of the rings.  Consequently, this term may be dropped.  As the ring particles 
reside above the surface of Saturn, ܼ ൌ 1.  Furthermore, since the orbits of Saturn’s rings and 
satellites are in compliance with Kepler’s laws of motion, the following approximation can be 
made:94 
Equation 5-3b 

െ
ீே೘೛௠೛ெೄ

௥బ
൅ ଵ

ଶ
ܰ௠೛݉௣ݑଶ ൌ െ

ீே೘೛௠೛ெೄ

ଶ௥బ
     

Therefore, the maxima and minima of equation 5-3a are, for all practical purposes, identical to 
the maxima and minima of 
Equation 5-3c 

,଴ݔଵሺܧ  ,଴ݕ ,଴ݖ ଴ሻݐ ൌ െ
ீேಾభெభே೘೛௠೛ ఊమሺ௩భሻ

௔
൬݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ൬௕ெభ௠೛ఊሺ௩భሻ

஽̀ೞభ
൰ െ 1൰ െ

ீே೘೛௠೛ெೄ

ଶ௥బ
 

 
The morphology of planetary rings is determined mainly by the locations of the potential energy 
minima, rather than by the local magnitude of the potential energy level.  Although substantial 

(or even dominant), the contribution of Saturn’s ordinary matter term െ
ࡿࡹ࢖࢓࢖࢓ࡺࡳ

૛࢘૙
 to the overall 

energy level of the object changes very gradually with distance relative to the rate of change of 
the rapidly oscillating contribution of the superheavy particles.  Therefore, the influence of 
Saturn’s ordinary matter on the local frequency and general shape of the potential energy 
oscillations, as well as on the locations of the local minima, is small.  Consequently, the locations 
of the minima of ࡱ૚ሺ࢞૙, ,૙࢟ ,૙ࢠ  ૙ሻ can be approximated by finding the locations of the minima࢚
of   

Equation 5-3d 

,଴ݔଵሺߦ ,଴ݕ ,଴ݖ ଴ሻݐ ൌ െ
ଵሻݒଶሺߛ ଵܰ௠೛݉௣ܯெభܰܩ

ܽ ቆ݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ቆ
ଵሻݒሺߛଵ݉௣ܯܾ

௦భܦ̀
ቇ െ 1ቇ 

 

                                                 
94 Equation 5-3b can be proven with the aid of the centrifugal force equation 

ே೘೛௠೛௨మ

௥బ
ൌ

ீெೄே೘೛௠೛

௥బమ
, leading to ݑଶ ൌ ீெೄ

௥బ
.  

Subsequently, substituting ݑଶ ൌ ீெೄ

௥బ
 in the kinetic energy term on the left side of equation 5-3b proves this equation.  Note that 

the orbiting object velocity uሬԦ is non relativistic, and that observations have established that the deviations of the motion of 
Saturn’s rings objects and satellites from Kepler’s laws are minimal, thus the contribution of the SHPs to the overall force must 
be very small.  Therefore, the non-relativistic centrifugal force, which neglects the contribution of the SHPs to the overall 
amplitude of the force, should provide a good approximation.  
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where the contribution of Saturn’s ordinary matter is absent.95  Equation 5-3d was employed to 
construct two dimensional color-coded maps of the resultant calculated energies as functions of 
the SHP mass ܯଵ, the velocity of the SHP group ݒଵ and its radius of orbit ܣଵ.96  The constructed 
maps were then compared with published images of Saturn’s main body of rings, which 
comprise of rings D, C, B, A and the Cassini Division.  

Figure 5-1 provides a UG calculated map in comparison to an observed image of Saturn’s 
ring system generated using RSS 3-wavelength occultation data recorded by NASA’s Cassini 
satellite, which samples a single trace radially through the rings.  A reasonably good fit was 
found using a single group of SHP mass ܯଵ ൌ 1.15 כ 10ି଼ ݇݃ rotating at a speed of ݒଵ ൌ 0.3ܿ 
in a circular orbit of radius ܣଵ ൌ 100 ݇݉ around the center of Saturn.  The calculated map of 
Saturn’s ring plane, drawn between the planet and the edge of the A ring at 136,775 ݇݉, reveals 
large spiral structures encircling the planet.  A low level of potential energy, and therefore a high 
density of matter, can be observed in the lighter areas of the UG map (demonstrated in the 
vicinity of 74,000 ݇݉ and 98,000 ݇݉), and a high level of potential energy, and therefore a low 
density of matter, or even gaps are observed in darker regions (viewed in the vicinity of 
66,000 ݇݉, 85,000 ݇݉ and 118,000 ݇݉ from the planetary center).  At a display resolution of 
lower than approximately 100 ݇݉, the calculated map bears a significant resemblance to the 
observed large-scale structure of Saturn’s ring system.  However, figure 5-1a, as well as other 
observed images recorded by Cassini and Voyager, reveals additional fine structure that is not 
present in the simple calculated model of a single SHP group.  As discussed, in order to provide 
for the general large-scale as well as the fine-scale structure of Saturn’s rings (while keeping the 
complexity of the model to a minimum), a second orbiting SHP group of the same SHP type was 
added.  

Following equation 5-1, the velocity ݒଶ and the orbital radius ܣଶ of the second group are 
related via ݓ ൌ ௩మ

஺మ
ൌ ௩భ

஺భ
 .  The velocity ݒଶ and the radius of orbit ܣଶ were calculated using the 

fine structure observed in the D ring. 
Closest to Saturn, the D ring consists of a number of faint, narrow ringlets. The inner 

edge of the D ring is indistinct, and the forces that sustain this part of the ring are poorly 
understood.  Furthermore, as shown in figure 5-2a, a new type of regular pattern, yet 
unexplained, was detected in the gap between the D73 ringlet and the C ring.  This pattern was 
found to consist of a fine structure of a wavelength of approximately 30 ݇݉ (Hedman, Burns & Showalter, 

2007). 

                                                 
95 In mathematical terms, ordinary matter affects the location of the minima through the ܽݏ݋ܿܿݎ term in the denominator of 
equation 2-1-42.  As 0 ൑ ଵሻߖሺݏ݋ܿݎܽ ൑ the ordinary matter effect is significantly smaller than ሺ2݊ ,ߨ ൅ 1ሻߨ for any case where 
݊ ب 0, and diminishes as ݊ increases. At low ݊ indices, the influence of ordinary matter is limited to shifting the minima 
locations, causing a relatively mild distortion to the overall ring structure.  Inclusion of the ordinary matter contribution in the UG 
calculations requires the use of a wide range of energy scales in the two dimensional maps, which would overwhelm the SHP 
contribution, flattening the oscillations contributed by the SHP groups to the point where the local maxima and minima become 
almost indistinguishable.  Therefore, the term  

ீே೘೛௠೛ெೄ

ଶ௥బ
 was left out. 

96 Grayscale was applied to indicate the energy level at any given display point, where darker shades represent higher potential 
energy levels.  
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In order to calculate the parameters of the second SHP group, equation 5-3d must be 
modified to include its contribution to the potential energy of the object, leading to 
Equation 5-4 

,଴ݔሺߦ ,଴ݕ ,଴ݖ ଴ሻݐ ൌ െ
ଵሻݒଶሺߛ ଵܰ௠೛݉௣ܯெభܰܩ

ܽ ቆ݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ቆ
ଵሻݒሺߛଵ݉௣ܯܾ

௦భܦ̀
ቇ െ 1ቇ

െ
ଶሻݒଶሺߛ ଵܰ௠೛݉௣ܯெమܰܩ

ܽ ቆ݁௔ ஽̀ೞమ⁄ ݏ݋ܿ ቆ
ଶሻݒሺߛଵ݉௣ܯܾ

௦మܦ̀
ቇ െ 1ቇ

ൌ ܰெభ ൥െ
ଵሻݒଶሺߛ ଵܰ௠೛݉௣ܯܩ

ܽ ቆ݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ቆ
ଵሻݒሺߛଵ݉௣ܯܾ

௦భܦ̀
ቇ െ 1ቇ

െ
൫NMమܩ NMభ⁄ ൯ܯଵܰ௠೛݉௣ ߛଶሺݒଶሻ

ܽ ቆ݁௔ ஽̀ೞమ⁄ ݏ݋ܿ ቆ
ଶሻݒሺߛଵ݉௣ܯܾ

௦మܦ̀
ቇ െ 1ቇ቉ 

 
where again, the exponent values can be replaced by 1.  The same values of ܯଵ, ܣଵ and ݒଵ used 
in figure 5-1b were applied in conjunction with a new set of independent parameters, ݒଶ and 
ܰெమ ܰெభ⁄ ,97 to calculate two dimensional maps based on equation 5-4.  A relatively good fit, 
which retained the large-scale pattern while successfully producing the 30 ݇݉ wavelength of the 
fine structure along the outer edge of the D ring and into the C ring, was achieved with the 
addition of a group of superheavy particles of the same particle mass ܯଵ ൌ 1.15 כ 10ି଼ ݇݃,  
rotating in a circular orbit around the center of Saturn at a relativistic speed of about ݒଶ ൌ 0.9ܿ  
(the value of ݒଶ ൌ 0.895ܿ was used).  The corresponding radius of the second group is therefore 
equal to ܣଶ ൌ

஺భ௩మ
௩భ

ൌ 298.333 ݇݉.  According to observations, Saturn’s main body of rings 

contains areas of abundant ultra-fine structure separated by areas with little or no fine structure.  
This restricts the value of the ratio ܰெమ ܰெభ⁄  to the order of 0.007.  In the following discussion 
the value of ܰெమ ܰெభ ൌ 0.00665⁄  will be used.98   

Although application of ݒଶ ൌ 0.895ܿ provided reasonable agreement with observations, 
the range of possible velocities is not narrow, and in some of the following images a higher 
value, somewhere in the range between ݒଶ ൌ 0.895ܿ and 0.94ܿ,99 may provide better results.  
Figure 5-2 displays a calculated section of Saturn’s D ring, compared with a view of the fine 
structure between the D73 ringlet and the C ring taken with the Cassini Spacecraft narrow-angle 
camera. In figure 5-2b, the UG pattern calculated with ݒଶ ൌ 0.895ܿ provides for the faint 
features of the D ring, as well as the inner region of the C ring, visible at the upper left corner of 
the images.  The pattern further produces a regular pattern with a wavelength of 30 ݇݉.  
However, the calculated figure notably demonstrates fewer waves than observed by Cassini in 
figure 5-2a.  Increasing the velocity to ݒଶ ൌ 0.94ܿ in figure 5-2c resulted in improved 
agreement, but reduced the wavelength of the fine structure to a range of about 12 ݇݉ to 25 ݇݉, 
                                                 
97 Note that the multiplication by ܰெభ in equation 5-4 does not affect the morphology of the ring system, reducing the number of 
independent parameters needed to five. 
98 This approximate value was obtained via trial and error, by simply calculating the map of the various rings to determine the 
range of values that correctly provided areas of abundant fine structure and areas of little or no fine structure. 
99 Note that Cassini reported the existence of ultra-fine structure with kilometer scale in the inner A ring, which may require an 
additional third SHP group with a velocity ݒ ൐ 0.94ܿ.  An extremely rapid SHP group may also explain the structure of Saturn’s 
dusty rings, such as the G and E rings.  
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which is less than the reported 30 ݇݉ wavelength (Hedman, Burns & Showalter, 2007).  Therefore, the 
precise velocity is expected to fall somewhere between ݒଶ ൌ 0.895ܿ and ݒଶ ൌ 0.94ܿ.100 
 
Figure 5-1a 

 
 
 
5-1b: UG calculated image of Saturn’s main rings. 

 
Figures 5-1a and 5-1b: Displays a comparison between the UG calculated zones providing rings D,C,B, A and the Cassini 
Division (figure 5-1b) and Saturn’s observed ring profile (figure 5-1a).  In figure 5-1a areas depicted in green and blue are 
dominated by small particles, and areas indicated in violet consist mainly of large particles. White areas indicate regions that 
were so opaque that the size of particle could not be determined.   
Image credit for figure 5-1a: NASA/JPL; http://photojournal.jpl.nasa.gov/catalogue/PIA07872. 

 

                                                 
100 Note that it is possible that the mass of the superheavy particles in the second group may differ slightly from ܯଵ. 

1000 ݇݉

1000 ݇݉ 
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Figure 5-2a: Image obtained from NASA/JPL/Space Science Institute.  Figure 5-2b: Calculated using ݒଶ  ൌ  0.895ܿ   
http://photojournal.jpl.nasa.gov/catalog/?IDNumber=PIA08990. 

  
Figure 5-2c: Calculated using ݒଶ ൌ 0.94ܿ 
 

Figure 5-3 displays the calculated narrow radial section of the D ring in the range of 
66,000 ݇݉ ൏ ݎ ൏ 74,200 ݇݉, providing a number of faint, narrow ringlets, in agreement with 
observations. 

The  C ring displays several empty gaps containing sharp, eccentric ringlets. While 
according to current theory, a few of the gaps may be identified with satellite resonances, a 
number of observed gaps remain unexplained.  The ring pattern consists of spiral waves, as well 
as bright regions of high particle density informally referred to as “plateaus.”  The density of 
particles is relatively uniform within the boundaries of the plateaus, and their sharp structure is 
maintained despite the expected spreading or diffusion of material.  A view of the outer C ring 
and the surrounding Maxwell gap is displayed in figure 5-4, providing the comparison between a 
calculated section (figure 5-4a) and an observed view of the ring obtained by Cassini (figure 5-
4b).  Both images reveal a series of regularly spaced plateau structures of about 300 ݇݉ wide, 
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nearly symmetrically placed around the Maxwell Gap.  Note that there is no known satellite or 
resonant structure to explain this symmetrical placement.  

The B ring is dense, bright, massive and radially extensive, demonstrating successive 
regions of abundant fine-scale structure as well as irregular regions with little or no fine structure 
occuring on a scale of 100 ݇݉ or more.  There are no clear gaps in the ring, however the 
Huygens gap, which contains an eccentric ringlet, resides at its outer edge. Whereas the 
confining mechanism of the B ring’s inner boundary is unknown, its outer boundary is currently 
thought to be caused by a 2:1 resonance with the satellite Mimas.  

 

 
Figure 5-3: Display of the calculated structure of narrow ringlets within the D ring using the parameters ܯଵ ൌ 1.15 כ 10ି଼ ݇݃, 
ଵݒ ൌ ଶݒ ,0.3ܿ   ൌ ଵܣ ,0.895ܿ  ൌ 100 ݇݉, and ܰெభ/ܰெమ ൌ 0.00665. 
 

   
Figure 5-4a: 101 UG calculated           Figure 5-4b: Image credit: NASA/JPL/Space Science Institute; 
      http://photojournal.jpl.nasa.gov/catalog/PIA06540. 

                                                 
101 A tilting effect was achieved by reducing the scale of the ݕ axis. 

1000 ݇݉
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Figure 5-5 displays a calculated section of the B ring (figure 5-5a)102 compared with an 
image shuttered by NASA’s Cassini satellite of the lit face of its middle region (figure 5-5b).  
Both figures demonstrate abundant structure with a scale of a few hundred kilometers and very 
little ultrafine-scale structure.  Very-fine-scale structure is observed in the outer B ring, shown in 
figure 5-6c.  

   
  Figure 5-5a: UG calculated B ring section.                   Figure 5-5b: Image credit: NASA/JPL/Space Science Institute; 
                                      http://photojournal.jpl.nasa.gov/catalog/PIA06535. 
 

Figure 5-6a provides the calculated two dimensional map of the outer B ring, the Cassini 
Division and the lower A ring.  Areas of abundant ultra-fine structure can be noted within this 
region.  Figures 5-6b and c provide a comparison between the calculated region of the Cassini 
division external to the bright outer B ring (figure 5-6b)103 and an observed image obtained by 
Cassini (figure 5-6c). The calculated zonal structure provides the general regular pattern 
observed in the rings of the Cassini division. 

   

Figure 5-6a: A UG calculated two dimensional map of the outer B ring, the Cassini Division and the lower A ring.   
 

                                                 
102 The resolution of the ݕ axis was reduced by a factor of ten relative to the ݔ axis in order to mimic the tilting of the ring plane 
relative to the viewing angle of the telescope in figure 5-5b. 
103 Figure 5-6b is displayed in lower resolution relative to figure 5-6a, in order to fit with the resolution of the observed ring. 

1000 ݇݉

1000 ݇݉ 

Cassini Division Upper B ring Lower A ring 
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Figure 5-6b: UG Calculated B ring section.  Figure 5-6c: Outer B ring, image credit: NASA/JPL/Space 

Science Institute; 
http://photojournal.jpl.nasa.gov/catalogue/PIAA06535. 

 

Figure 5-7a displays a detail of Saturn’s A ring interior to the Encke gap taken by the 
Cassini ISS instrument.  On the right the image reveals spiral bending waves, where the 
wavelength decreases inwards, and on the left a succession of spiral density waves, where the 
wavelength decreases outwards.  As the image is viewed from the unlit side of the rings, opaque 
regions appear darker.  In the calculated UG model similar patterns of spiral density and bending 
waves were found in several rings. A section of spiral waves in the A ring is demonstrated in 
figures 5-7b, 5-7c and 5-7d.  Note that in figure 5-7b, drawn with ݒଶ ൌ 0.895ܿ, the calculation 
provides fewer waves than observed.  Elevating the velocity of the second SHP group to 
ଶݒ ൌ 0.94ܿ increases the number of waves, and in the case of the D ring, results in better 
agreement with observation, as displayed in low resolution in figure 5-7c and in higher 
resolution in figure 5-7d.  In addition, both the calculated and observed images of figure 5-7 
reveal regions of abundant fine-scale structure adjacent to smooth regions of little or no fine-
scale structure. Note that figure 5-7c, where the velocity of the second of SHP group ݒଶ ൌ 0.94ܿ, 
bears a particularly close resemblance to the observed A ring. 

The spiral that produces the F ring is likely to be a continuation of the spiral which forms 
the D,C, B, and A rings and the Cassini division.  Following the discussion in footnote 91 of this 
chapter, the Roche midsection, where rings and satellites coexist, starts at about the radius of the 
satellite Pan.  The gaps observed between the A ring and the F ring and beyond the F ring may 
be located at the UG sub-zones where the cosine terms either enhance coalescence, or are too 
small to prevent the ring particles from coalescing into satellites.  These gaps may also be 
cleared by the gravitational effect of nearby satellites, such as Atlas, Prometheus, Pandora or 
Mimas, via resonances or the mechanism summarized in section V-1. Therefore, the F ring is 
likely to be a narrow ring that is contained within a zone in which matter cannot coalesce, 
surrounded from both sides by areas where matter is swept away.  Recall that the value of ݒଶ 
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between 0.895ܿ and 0.94ܿ was derived from the observed wavelength of the ringlets in the D 
ring, and seems to be confirmed by the agreement between the calculated and the observed ring 
sections provided in figures 5-1 to 5-7.  This range of velocity provides for fine structure in the 
range of 12 ݇݉ to 30 ݇݉ in wavelength.  However, Saturn’s rings appear to contain some ultra-
fine structure in the range of few kilometers or less.  Consequently, for stronger agreement 
between theory and observation, three or more SHP groups may be required. 

There is still the question of what provides for the stability of these wide rings.  In the 
Newtonian scenario, during each orbital rotation a ring object must lose a minute amount of 
energy in the form of gravitational radiation.  As the object’s energy is reduced continuously, its 
orbit is expected to draw closer and closer to the planet, until eventually becoming consumed by 
it.  This process may last for at most few tens of millions of years before the ring system 
dissipates completely. Within this timeline, Saturn’s rings would be expected to have existed for 
100 million years at most, a period which is too short to allow for the presence of the elaborate 
fine structure observed.  For Saturn’s ring system to remain stable over the length of time 
required for the formation of its fine structure, there must be a continuous source of new energy 
or new matter to replenish the ring system.  

The answer to this question is much simpler in the case of non-relativistic SHP velocities, 
as is probably the case with Uranus, where a majority of the potential energy minima (and 
therefore a majority of the rings) are very narrow.  In cases of non-relativistic SHP groups, the 
minima within the ring plane are arranged in sets of stationary concentric circular contours.  To 
escape from any of these stationary minima, the energy of the ring particle must be elevated; 
thus, the most stable state of the matter within the ring is to remain at its given minimum.  
However, the situation is slightly more complicated in the case of relativistic SHP groups, as in 
the case of Saturn, where the density waves produced by the SHP groups rotate at a much faster 
rate than the ring matter.  Hence, the minima locations are not stationary, and the orbiting object 
moves too slowly to keep pace with its minimum.  Therefore, the object crosses paths with both 
the local minimum and the local maximum on a periodic basis.104  In this case, the rotating zonal 
pattern driven by the rotating SHP groups can provide a mechanism to replenish any energy 
losses due to radiation, or attributed to other bodies interacting with the ring matter.  As 
previously discussed, due to the finite propagation speed of gravitation, the relativistic rotation of 
SHP groups around the planetary center generates rapidly rotating potential energy spiral 
structures.  Consequently, an orbiting ring particle in the path of the rapidly rotating spiral 
structure encounters an endless series of rapid oscillations that, along with their maxima and 
minima, propagate outward at relativistic speeds.105   

                                                 
104 For a more detailed analysis, see Chapter VI. 
105A good analogy to this process is the Archimedes screw pump, which consists of a screw rotating inside a hollow pipe, 
historically used to transfer water from a low-lying body of water into irrigation ditches.  As the screw rotates endlessly around 
its axis without any forward motion, it elevates a volume of water by pushing it forward along its axis of rotation.  In the present 
case of the orbiting ring object, the SHP contribution to the force acting on the object is small relative to the Newtonian 
contribution of the planet’s ordinary matter. Therefore, the rotating spiral is powerful enough to replenish the minute amount of 
energy lost by the ring particles in less than 0.007 seconds it takes the SHP groups to complete a full rotation around the center 
of Saturn, but not sufficiently powerful to advance the particles outwards.  A more complete analogy will be provided in Chapter 
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Figure 5-7a: Spiral bending waves (right) and density waves   Figure 5-7b: Calculated using ݒଶ ൌ  0.895ܿ. 
in Saturn’s A ring interior to the Encke Gap.    

        
 
Figure 5-7c: Calculated using ݒଶ ൌ  0.94ܿ.      Figure 5-7d: Calculated at higher resolution using ݒଶ ൌ  0.94ܿ. 

         
 
Figure 5-7a: Image credit: NASA/JPL/Space Science Institute; http://photojournal.jpl.nasa.gov/catalogue/PIA06093.  
 
As the observed orbital period of the ring matter is Keplerian, the overall force exerted on the 
ring particles is very close to Newton’s gravitational force (see section V-6), and consequently, 
the particles cannot be accelerated to the high velocities needed to keep up with the high 
propagation speed of the minima of the rotating pattern of the potential energy.  Therefore, the 
rapid, outward moving maxima and minima contours will encounter the orbiting object on a 
periodic basis, where the time between two successive respective encounters is less than or 
approximately equal to 0.007 seconds, the approximate time it takes the SHP groups to complete 
                                                                                                                                                             
VI for the case of galaxies, where the rotating spirals demonstrate sufficient strength to pump out ordinary matter in the form of 
galactic wind. 
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one full rotation.106  As the object must encounter an oscillation maximum every 0.007 seconds 
or less, the minute amount of energy lost during one orbital period will be replenished by the 
next encounter with the following maximum.  These periodic encounters create a barrier that 
prevents the object from gradually losing energy and falling towards the planet.  Hence, the 
orbiting object behaves as a driven harmonic oscillator, where the force applied on the object by 
the rotating spiral pattern of the SHP groups provides a periodic driving force.  As the overall 
motion of the object is in accordance with Kepler’s laws, this driving force is substantially 
smaller, yet not negligible relative to the force applied by Saturn’s ordinary matter.  Thus, the 
force exerted by the orbiting SHP groups provides a small perturbation to the overall force 
exerted by the planetary ordinary matter, causing the rotating object to oscillate slightly around 
its Keplerian orbit.     

Consequently, the force generated by the rapidly rotating SHP groups is demonstrated to 
provide a mechanism by which the energy lost by orbiting material is replenished to maintain the 
ring structure over time, thus allowing for the long-term stability of planetary ring systems.  The 
oscillating waves created by the rotating spiral are calculated to propagate outwards at relativistic 
speeds, and are certainly not stationary.  Conversely, images of Saturn’s rings reveal relatively 
little fluctuation in the orbital locations of certain rings or gaps over time. The rapid movement 
of the calculated oscillating patterns, however, does not contradict observations of stable ring 
orbits and gaps, since our perception of the ring characteristics at a given location is driven by 
the amplitude and frequency of the oscillating waves, rather than by their phase.107   

In figure 5-8 three waveforms are overlayed with two dimensional calculated images of 
the potential energy of the given object.108  The oscillating waveform displayed entirely above 
the ݔ axis provides the total contribution of both SHP groups, without the contribution of 
Saturn’s ordinary matter. The second waveform, characterized by distinct trains of rapid 
oscillations, is displayed entirely below the ݔ axis and provides the exclusive contribution of the 
second SHP group (with ݒଶ ൌ 0.895ܿሻ.  The third smooth waveform crossing the ݔ axis 
provides the overall contribution of Saturn’s ordinary matter and the significantly smaller 
contribution of both SHP groups (given by the first waveforms).109  As demonstrated in the 
figure, the potential energy of the SHP contribution is highest within the area covered by the 
Cassini Division (between approximately 117,000 ݇݉ and 122,000 ݇݉) where the oscillations 
of the upper waveform appear to almost flatten, with significant reduction in amplitude and 

                                                 
106 The time ܶ it takes the SHP groups to complete a full rotation around Saturn center is approximately ܶ ൌ ߨ2 ⁄ݓ ൌ
ଵܣߨ2 ଵݒ ൌ⁄ ߨ2 כ 100,000݉ ሺ0.3 כ 300,000,000݉ ⁄ݏ ሻ ൌ 0.007⁄  seconds. 
107 A good analogy can be found in sound waves, where the amplitude and frequency of the sound, rather than the exact phase at 
a given moment, determine our perception of its loudness and pitch.  
108 The two dimensional images do not contain the term െ

ீே೘೛௠೛ெೄ

ଶ௥బ
  for the reasons discussed above.  

109 In order to demonstrate how the spirals are related to the potential energy waveforms, the three waveforms are overlayed with 
two dimensional calculated images of the potential energy of the given object.  This requires displaying the waveforms and the  
images of the calculated potential energy using the same ݕݔ coordinates. Therefore, the equations of the waveforms were 
multiplied by respective factors of 5 כ 10ଶଵ ݉/݆, 10ଶଶ ݉/݆ and 10ଶ଴ ݉/݆, and shifted down by 0, 2.5 and െ55 units (units of 
1000 ݇݉) respectively.  The method used to calculate the approximate number of SHPs in each group (ܰெభ and ܰெమ) will be 
described later in the chapter. 
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wavelength. This process further accounts for low particle density in the Cassini Division.  The 
Cassini Division is located in the vicinity of a zonal maximum of the first SHP group with a 
velocity of 0.3ܿ (see figures 5-8a and b), where the amplitude of the local oscillations nearly 
diminishes.  In areas where the oscillation amplitude diminishes completely, the periodic driving 
force will reduce to zero, and the ring material will dissipate over time to produce a gap.  In the 
remaining areas of the Cassini Division, where the oscillation amplitude is significantly reduced 
but not entirely eliminated, a very faint ring structure may be observed. Based on the above 
discussion, strong rings should be observed in regions where the amplitude of the outward 
moving oscillations is substantial. Looking at the same image, the relatively large amplitude of 
the oscillations produced by the upper waveform between 102,000 ݇݉ and the Cassini division 
(starting at about 117,000 ݇݉) explains the absence of gaps, as well as the relatively large 
optical depth of the B ring. An abundance of fine structure in the outer B ring can also be noted.  
As demonstrated in the figure, the oscillation amplitude of the contribution of the first SHP 
group in the middle B ring is significantly larger than the oscillation amplitude contributed by 
the second SHP group, however both contributions become comparable in size at the distance 
range of the upper B ring and the Cassini Division.  Therefore, the fine structure oscillations 
contributed by the second group in the middle section of the B ring are insignificant (see Figure 
5-8a), while in the general area of the Cassini Division the fine structure becomes relatively 
substantial.  An enlarged view of the Cassini Division surrounded by the outer B ring and the 
inner A ring is provided in figure 5-8b.  As expected, the ring structure in this area displays an 
abundance of fine structure. 

 

 
Figure 5-8a: UG calculated ring section. 
 
Viewing the fine structure presented by the upper curve in figure 5-8b, the wavelengths of any 
two adjacent sections of rapidly oscillating waves are shown to increase in opposite directions.  
This may explain the observed occurrence of spiral density waves, where the wavelength 
decreases outward, as well as spiral bending waves, where the wavelength decreases inwards 
(See figure 5-7).  Note that according to current theory, spiral density or bending waves are 
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thought to be created by gravitational interactions with Saturn’s moons.  However,  in many 
instances, no sufficiently large moons were found in proper locations for creating them.  
 

Figure 5-8b: UG calculated ring section. 
 

Figure 5-8c displays an enlarged view of the middle B ring.  The calculated waveforms 
overlayed on the two dimensional image demonstrate long stretches of over one hundred 
kilometers of little or no fine structure.  In figure 5-8d, the calculated display is extended to 
cover Saturn’s D, C, B and A rings and the Cassini division.  Note the similarities between the 
oscillation patterns extending from about 83,000 ݇݉ to 87,000 ݇݉, and between those 
extending from about 116,000 ݇݉ to 122,000 ݇݉. This may account for the structural 
similarities observed between the C ring and the Cassini Division. 
 

 
Figure 5-8c: UG calculated ring section. 
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Figure 5-8d: UG calculated ring section.  
 
 
Section V-3: The Phenomenon of Spokes 
 
 One of the more peculiar phenomena observed in Saturn’s rings are the spokes, first 
observed by Voyager in 1980.  Spokes are nearly radial structures, observed to appear 
intermittently in the B ring.  Viewed from low phase angles (shown in figure 5-9c), they appear 
as dark markings along a bright underlying B ring.  Conversely, spokes may appear brighter than 
the ring when viewed at high phase angles, or against the ring’s unilluminated side (see figure 5-
9d).  A surprising property of the spokes is that they maintain their shape in spite of the 
differential rotation that occurs in the underlying B ring. This indifference to rotation is not 
consistent with orbital mechanics, and cannot be explained by Newtonian gravitational forces.  
As they are observed to rotate at approximately the same rate as the rotation of Saturn’s magnetic 
field, spokes are commonly attributed to interactions of charged particles with Saturn’s magnetic 
field, however the origin and exact nature of these features are not yet well understood. 

According to the UG theory, the phenomenon of spokes can be explained as a by-product 
of a relativistic effect, where a pattern is generated as a consequence of the relativistic distortion 
of spacetime by the rotating SHP groups, and captured by the camera’s matrix of sensors.  This 
calculated phenomenon is demonstrated in figure 5-9a, where equation 5-3d was used in order to 
show that even a single SHP group is capable of creating spoke structures.  The equation was 
applied using the parameters of the first SHP group (ܯଵ ൌ 1.15 כ ଵݒ ,݃݇ 10ି଼ ൌ ଵܣ ,0.3ܿ ൌ
100 ݇݉, and for simplicity, ܰெభ ൌ ܰ௠೛ ൌ 1).  The resultant figure displays a two dimensional 
image of the rotation plane of Saturn’s rings, drawn using a single threshold level ߝଵ ൌ 2.2 כ
10ିଶଷ ܬ in order to maintain a high level of contrast.  Consequently, any position on the ring 

1000 ݇݉

1000 ݇݉

D ring--    --------------------C ring-----------  --------------------------B ring--------------  -Cassini--  
--------A----------      
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plane where ξଵሺݔ, ,ݕ 0, ሻݐ ൌ
1ሻݒ2ሺߛ ݌݉݌1ܰ݉ܯ1ܯܰܩ

ܽ
൬݁ܽ ⁄1ݏܦ̀ ݏ݋ܿ ൬ܾߛ݌1݉ܯሺ1ݒሻ

1ݏܦ̀
൰ െ 1൰ ൒ 2.2 כ 10െ23 ܬ was layered in gray, 

while any position where ߦଵሺݔ, ,ݕ 0, ሻݐ ൏ 2.2 כ 10ିଶଷ ܬ  was indicated in white.  The resultant set of 
rings display features that fit the general description of spokes as observed in figures 5-9c and 5-
9d.110  Moreover, the locations of the calculated spokes remain stationary over time relative to 
the frame of reference of the planetary center, which implies that they rotate with Saturn while 
maintaining their shape, as observed.  It is further implied that these features are fixed within the 
coordinate axes.  As the rotation rate of Saturn’s magnetic field is very close to the overall 
rotation rate of the planet around its axis, the calculated spokes appear to rotate at approximately 
the same rate as Saturn’s magnetic field.  

 

 
Figure 5-9a: Displays spoke features in the rings.  The calculated figure was generated using parameters of ܯଵ ൌ 1.15 כ
ଵݒ ,݃݇ 10ି଼ ൌ ଵܣ ,0.3ܿ ൌ 100 ݇݉ and ܰ௠೛ ൌ 1, where the point ሺݔ, ,ݕ ,ݔଵሺߦ  ሻ is layered only ifݐ ,ݕ ሻݐ ൐ 2.2 כ 10ିଶଷ ܬ and 
௦భܦ̀ ൐ 60,268 ݇݉.  

 
 The visibility of spokes and the clarity of their patterns may depend on the angle 

between the Sun and the rotation plane of the rings, or on the angle between the camera and the 
rings’ rotation plane.111  This may account for the intermittent appearance of spokes in the B 
ring, which is currently attributed to their being a seasonal effect.  In addition, although spokes 
are uniquely observed in the dense and massive B ring, the calculated figure shows that spoke 

                                                 
110 A clear demonstration, displayed in Figure 5-9b, was created using increased values of ܯଵ ൌ 1.385 כ ଵݒ ,݃݇ 10ି଼ ൌ 0.35ܿ 
and a reduced radius of ܣଵ ൌ 55 ݇݉, where the point ሺݔ, ,ݕ 0, ,ݔଵሺܧ ሻ was layered only whenݐ ,ݕ 0, ሻݐ ൐ 4.56 כ 10ିଶଶ ܬ.  These 
values do not fit the Saturian ring structure and are only intended to provide a more vivid display of spoke features. 
111 It is often the case with optical patterns that to be observed they must adhere to certain optimal geometrical conditions.  For 
example, holograms may require a relatively narrow range of viewing and illumination angles, as well as a narrow range of 
wavelengths for the illuminating light.  The quality of holograms also depends on the density as well as other properties of the 
film’s emulsion.  Slight variations in any of these parameters may make the difference between a sharp image and no image at 
all.   
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features can appear in other rings as well, suggesting that the visibility of the radial spokes may 
further depend on the density of ring matter or on the size of the ring particles.  
 

      
Figure 5-9b: In order to provide a vivid image of spoke features, the parameters were modified to ܯଵ ൌ 1.385 כ 10ି଼ ݇݃, 
ଵݒ ൌ 0.35ܿ and ܣଵ ൌ 55 ݇݉, where the point ሺݔ, ,ݕ ,ݔଵሺߦ ሻ is layered only ifݐ ,ݕ ሻݐ ൐ 4.56 כ 10ିଶଶ ܬ and ̀ܦ௦భ ൐ 60,268 ݇݉.  
 
 
 
Figure 5-9c                                      Figure 5-9d               

                        
Figures 5-9c and 5-9d: Voyager images of radial spokes in Saturn’s B ring.  Spokes appear dark against the B ring at low phase 
angles (5-9c) and bright against the B ring at high phase angles (5-9d). 
Credit for figure 5-9c: image obtained by Voyager 2; NASA/JPL; http://photojournal.jpl.nasa.gov/catalogue/PIA02275.    
Credit for image 5-9d: image obtained by Voyager 1; NASA/JPL; http://photojournal.jpl.nasa.gov/catalogue/PIA02269. 
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Section V-4: The Non-Circular Shape of the B Ring 
 
 Due to the effects of special relativity, superheavy particles rotating at relativistic 
velocities create a distortion of spacetime.  As a result of this distortion, and of the finite speed of 
gravitation, the otherwise circular zonal minima are replaced by a distorted rotating spiral.  
Hence, the width of the ring will vary with azimuth, and its orbit will depart from a pure circular 
shape.  This effect becomes stronger as the orbital speeds of the SHP groups increase and their 
radii of orbit are reduced.  As demonstrated in figures 5-9a and 5-9b, the calculated zonal 
structure and its minima expand outwards, where the level of expansion varies with the azimuth 
of the ring section, resulting in a non-circular outer boundary of the rings, while the inner 
boundary retains a circular morphology.  The non-circular structure of the outer edge of the rings 
resembles the boxiness observed in galaxies (see Chapter VII), as both phenomena are created by 
the same relativistic effect.  Similar to the dynamics of the calculated radial spokes in Saturn’s B 
ring, the calculated ring boundaries maintain their shape in spite of the differential rotation that 
occurs in the underlying B ring.  In figures 5-9a and b, all of the calculated rings demonstrate 
some degree of boxiness.   
 
Section V-5: The Dynamics of Ring Variability Over Time and Azimuth 
 

Data obtained by Voyager and Cassini reveals that ring structure varies with time and 
azimuth.  Figure 5-10a provides a composite image of four views of the outer edge of the B ring, 
assembled from images shuttered by Voyager 2 at two different times and at two different 
azimuths (Miner, Wessen & Cuzzi, 2007).  An offset of about 50 ݇݉ in the radius of the outer edge of the 
B ring as well as significant mismatch in its fine structure can be noted.112  These findings can be 
explained by two different phenomena.  Boxiness, explained above, may account for a large part 
of the 50 ݇݉ offset of the outer edge of ring B between the two azimuths.  In addition, as the 
zonal structure is driven by a rapidly rotating spiral that changes over time and azimuth, the ring 
pattern is also expected to shift over time and to change between different azimuths.  Both SHP 
groups are calculated to complete a full rotation in about 0.00698 seconds, suggesting that some 
features of the fine structure of the rings must change at a rapid rate.  

Figure 5-10b displays two calculated radial sections of the same region covering the outer 
edge of the B ring and the inner Cassini Division at two different times 0.0035 seconds apart. 
The images are positioned so that their large-scale pattern is aligned.  Note that similar to 
observations, the fine structure in the outer B ring does not match between the calculated images. 
Mismatch is also observed, but to a lesser degree, in the Cassini Division.  

 

                                                 
112 Similar dynamics have been observed in the D ring, where D72 was reported to have transformed from a bright, narrow 
ringlet of less than 40 ݇݉ to a broad and diffuse structure which extends over 200 ݇݉ during the 25 years that passed between 
NASA’s Voyager and Cassini missions.  In addition, the F ring is reported to be dynamic, and has changed significantly since the 
Voyager mission. 



 

127 
 

 
Figure 5-10a:  The composite image of four views of the outer edge of the B ring assembled from images collected by the 
Voyager 2 Spacecraft.  Displayed on the left is the bright B ring, at the center is the dark Huygens gap (of variable width) 
containing a narrow elliptical ringlet, and on the right is the Cassini Division (Voyager 2 image 260-1473, obtained from Miner, 
Wessen & Cuzzi, 2007).  
 

 
Figure 5-10b 
  
 
Section V-6: Estimating the Overall Mass and Abundance of Superheavy Particles of Mass ࡹ૚ 
  
 Thus far, the following parameters of the two SHP groups were estimated: the SHP mass 
 ,ଶ, and the approximate ratio of ܰெమ/ܰெభݒ ଵ andݒ ଶ, the velocitiesܣ ଵ andܣ ଵ, the orbital radiiܯ
where ܰெభ and ܰெమ respectively denote the number of superheavy particles in the first and 
second SHP groups.  In addition, the mass of the Saturn’s ordinary matter ܯ௦ is already known.  
Still missing, however, is an assessment of the approximate values of ܰெభ and ܰெమ.113  Using 
Kepler’s third law, the calculated orbital periods of each of the known satellites internal to the 
orbit of Lapetus (at about 3,561,300 ݇݉)114 were compared with their observed values.  The 
calculated orbits were found to fall between െ0.272% and 0.31% of the measured values (see 
                                                 
113 Note that if either one of ܰெమ or ܰெభ is known, the other can be easily derived via the known ratio of ܰெమ/ܰெభ 
114 As the influence of superheavy particles reduces drastically above the SHP oscillation range (ݎଵ ൎ

௕ெభ௠೛ఊ
గ

د 600,000 ݇݉ሻ, 
the SHP effect on satellites farther than Lapetus is not significant. 

--Cassini Division----------------------------------B ring--------------------------------- 
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table 5-1). As the effect exerted by Saturn’s superheavy particles is expected to cause the orbital 
periods of the satellites to deviate from their Keplerian predicted orbital periods, the measured 
deviations limit the possible number of SHPs of mass ܯଵ.  

Assuming a circular orbit of radius ݎ, the speed of a satellite ݑ is related to its orbital 
period ܶ via the equation ݑ ൌ ଶగ௥

்
.  Therefore, as the deviation of the satellite’s orbital period 

from its predicted value, denoted ∆ܶ, is small relative to ܶ, the deviation of the square of the 
speed ݑଶ from the square of its Keplerian speed ݑ଴ଶ (where ∆ሺݑଶሻ ൌ ଶݑ െ  ଴ଶ) can be expressedݑ
as 
Equation 5-5 

∆ሺݑଶሻ
଴ଶݑ

ൌ
ଶݑ െ ଴ଶݑ

଴ଶݑ
ൎ
∆൬4ߨ

ଶݎଶ
ܶଶ ൰

ଶݎଶߨ4
ܶଶ

ൌ െ2
∆ܶ
ܶ  

 
Kepler’s law is fulfilled if and only if   
Equation 5-6 
 
 ଵ
ଶ
଴ଶݑ௦௔௧ܯ ൌ

ீெೞெೞೌ೟
ଶ௥

, or   ݑ଴ଶ ൌ
ீெೞ
௥

   
 
where ܯ௦௔௧ provides the mass of any one of the Saturian satellites and ܯ௦ is the total mass of 
Saturn.  Therefore, the deviation from Kepler’s predicted orbital period is given by 
Equation 5-7 
 

∆ሺݑଶሻ ൌ െ2ݑ଴ଶ
∆ܶ
ܶ ൌ െ

௦ܯܩ2

ݎ
∆ܶ
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However, the centrifugal force applied to the satellite is given by  
Equation 5-8 
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where the exponent term was replaced by 1, as ܽ ا  ௦భ.  Also note that the contribution of theܦ̀

second SHP group to the centrifugal force was dropped since  
ேಾమ൫ఊሺ௩మሻ൯

మ

  ேಾభ൫ఊሺ௩భሻ൯
మ ൎ

଴.଴଴଺଺ହכହ.଴ଶ଺
ଵ.ଵ

ൎ

0.03.115 116  Consequently, the overall influence of the second SHP group on the calculated 
velocity of the object is small relative to the influence of the first group, and can thereby be 

                                                 
115 Since the purpose of the present discussion is to estimate the number of superheavy particles, a quasi-relativistic, rather than a 
complete relativistic correction, was made by the inclusion of ߛ in the force equation. 
116 The calculations in this section use the following values: ܯଵ ൌ 1.15 כ ଵݒ ,݃݇ 10ି଼ ൌ ଶݒ ,0.3ܿ ൌ ଵܣ ,0.895ܿ ൌ 100 ݇݉, 
ܰெమ ܰெభ

⁄ ൌ 0.00665.   
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neglected.  Since ௕ெభ௠೛ఊሺ௩భሻ
௔

 is of the order of 10ଶଶ, the cosine term is negligible and can be 
omitted.  Thus, 
Equation 5-9 
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Combining equations 5-6, 5-7 and 5-8, under the assumption that the entire deviation is due to 
the SHP effect, yields 
ீெభ
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or 
Equation 5-10 
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According to table 5-1, the maximum deviation of an orbital period of a satellite is within 
േ∆ܶ ܶ⁄ ൎ 0.00312 (see the satellite Anthe at ݎ ൎ 197,700 ݇݉).  Substituting ∆்

்
൏ 0.0031, 

௦ܯ ൌ 5.6846 כ 10ଶ଺ ݇݃, ݒଵ ൌ 0.3ܿ  (therefore, ߛሺݒଵሻ ൌ 1.099), and using the approximation of 
௦భܦ̀ ൎ equation 5-10 yields ܰெభ ,ݎ ൎ 1.3 כ 10ଵ଴.  The earlier estimate of  ܰெమ ܰெభ⁄ ൌ 0.00665 
thus provides ܰெమ ൌ 8.4 כ 10଻, which translates to a total of ܯଵ൫ܰெభ ൅ ܰெమ൯ ൎ 150.5 ݇݃ of 
SHPs of mass 1.15 כ 10ି଼ ݇݃. 

Hence, the overall SHP mass is negligible compared with the overall mass of Saturn’s 
ordinary matter, and bears no influence on objects dominated by the ordinary matter external to 
the zonal oscillation range of the SHPs with ordinary matter.  

Note, however, that the current published mass of Saturn was calculated from the orbital 
periods of its satellites, under the assumption that their motions are governed purely by 
Newtonian dynamics.  If the SHP contribution is taken into account, the mass of Saturn may be 
altered by less than 0.3% (according to table 5-1), or by an amount of the order of 5 כ 10ଶଷ ݇݃.  
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Table 5-1:  A comparison between the Keplerian calculated and the measured orbital periods of 
Saturn’s Satellites (the calculation uses Kepler’s third law, while arbitrarily assuming a perfect 
match for Mimas). 
 

Satellite semimajor axis 
calculated  
orbital period 

measured  
orbital period   

(*1000 ݇݉) (Days)  (Days) 
              % 
change 

          
Mimas 185.52 0.9424218 0.9424218 0
Enceladus 238.02 1.369554744 1.370218 0.048405179
Tethys 294.66 1.886431314 1.887802 0.072607505 
Dione 377.4 2.734400117 2.736915 0.091887519
Rhea 527.04 4.512576593 4.5175 0.108985203
Titan 1221.83 15.92851895 15.945421 0.105999375
Hyperion 1481.1 21.25865545 21.276609 0.08438165
Iapetus 3561.3 79.26328361 79.330183 0.08433031
Pan 133.583 0.575819024 0.575 -0.142438957
Daphnis 136.50 0.594782521 0.594 -0.131737519
Atlas 137.67 0.602446088 0.6019 -0.090727402
Prometheus 139.353 0.613527034 0.613 -0.085976242
Pandora 141.70 0.629091758 0.6285 -0.094154062
Epimetheus 151.422 0.694932603 0.6942 -0.105531999
Janus 151.472 0.695276835 0.6945 -0.111855264
Methone 194 1.007770903 1.01 0.220702653
Anthe 197.70 1.036738494 1.04 0.313606348
Pallene 211 1.143096521 1.14 -0.271624679
Calypso 294.66 1.886431314 1.8878 0.072501638
Telesto 294.66 1.886431314 1.8878 0.072501638
Helene 377.40 2.734400117 2.7369 0.091339958
Polydeuces 377.40 2.734400117 2.74 0.204375303
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Section V-7: Summary 
 
A very simple model providing the interaction between two orbiting SHP groups 

composed of a single superheavy particle type and a spherically symmetric distribution of 
ordinary matter around the center of Saturn produces a zonal pattern that bears a close 
resemblance to the observed structure of Saturn’s main body of rings, and can further account for 
a number of ring characteristics, including the appearance of spokes, gaps, ringlets, the 
appearance of spiral density and bending waves, and the general fine structure distribution.  Note 
that the goal at this stage is limited to demonstrating the power of the UG theory and its ability to 
provide the general morphology and characteristics of complex systems on all distance scales via 
the use of the simplest model possible.  No effort was made here to explain the remaining outer 
rings, such as the G and E rings, or to extend the discussion to model the formation and orbital 
locations of the Saturnian satellites.  Saturn’s main rings were selected for a UG analysis as they 
are the most complicated and the least understood rings observed to date. The same tools used 
for the analysis of the Saturnian system can be used for modeling the simpler rings and satellite 
systems of Jupiter, Uranus and Neptune. 

The success achieved by this simple model in explaining the complex structure of 
Saturn’s  D, C, B, and A rings and the Cassini Division, coupled with the success of an even 
simpler model (using a single or binary SHP groups with as little as four parameters) in 
explaining various morphologies observed in galaxies and nebulae (in Chapter IV) provides a 
strong testament to the power of the UG theory, and further suggests that the addition of few 
more SHP groups, and additional fine-tuning of their parameters, may explain these complex 
systems down to very fine details.  The UG approach suggests that the rings are generated by 
orbiting SHP groups, and provides a mechanism to keep them stable over a long period of time.  
As superheavy particles are most likely to be created by the collapse of the cloud of gas that 
formed the planet (see Chapter VII), planetary rings may be as old as their parent planets, and 
almost as old as the Solar System itself.  This resolves the current contradiction, where according 
to the Newtonian scenario, the observed planetary rings could not have existed for more than a 
few tens of millions of years, while the Saturnian rings require a significantly longer period of 
time for developing their complex fine structure. 
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Chapter VI: The Potential Energy Spiral and the Constant Velocity Curve 
 

 

 
Figure 6-1:  A galactic spiral calculated via equation 4-1-1a using the parameters ߁ ൌ ܯ ,1 ൌ 0.125 כ 10ହ ݇݃, ܰெ ൌ 1, 
ܣ ൌ ீܯ ,ܿ݌݇ 1.8 ൌ 2.5 כ 10ଷ଼ ݇݃, ܰ௠೛ ൌ 1 and ݒ ൌ 0.8ܿ.  The lower image provides a two dimensional map of the potential 
energy contours of an ordinary particle of mass ݉௣, while the upper image of the figure displays its potential energy curve along 
the ݔ axis.  As shown, the spiral structure does not end at the last significant minimum contour ݊ ൌ 2 located at a radius of 
approximately 25 ݇ܿ݌, nor at the external zonal maximum ݊ ൌ 1 located at a radius of approximately 45 ݇ܿ݌ to 50 ݇ܿ݌, and is 
demonstrated to extend well beyond these major zones.  Note that as the distance between the ordinary test particle and the center 

ݏ݈݁ݑ݋ܬ

ܿ݌݇
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of the galaxy increases beyond the ݊ ൌ 1 maximum, the particle’s potential energy declines gradually and eventually converges 
toward the Newtonian potential energy.  When the rotation of the spiral is viewed over time, the oscillations displayed in the 
upper graph migrate outward, suggesting that the orbiting ordinary particles may be led outward by the rotating spiral, and 
eventually ejected out of the galaxy in the form of galactic wind.  
 

The purpose of this chapter is to further explore the interaction between ordinary matter 
orbiting around the center of a spiral galaxy and the rotating spiral structure.  In the following 
section, the large-scale potential energy spiral will be demonstrated to pump out ordinary matter 
such as interstellar gas and dust to beyond the ݊ ൌ 1 zonal maximum, creating the observed 
galactic outflow of gas.  It will further be shown that the rotating potential energy spiral bears the 
effect of “equalizing” the velocity of orbiting matter, resulting in the relatively constant rotation 
curve observed in spiral galaxies.  The critical influence of the rotating spiral on star formation 
will be examined in the final section of this chapter. 

 
Section VI-1: The Formation of Galactic Density Waves 
 

The theory of unified gravitation proposes that density waves occur due to the difference 
between the angular velocity of a rotating zonal pattern and the angular velocity of an orbiting 
object.  In Chapter IV, the large-scale spiral structure was demonstrated to rotate at the same 
angular velocity as the galactic core and its superheavy particles.  Following equation 4-1-1a, the 
potential energy of the object in a galaxy generated by a single SHP or binary SHP groups is 
given by 
Equation 4-1-1a 
 

ܸ ൌ െ
ሻݒଶሺߛ ௠೛݉௣ܰܯெܰܩ

ܽ ቆ݁௔ ஽̀ೞభ⁄ ݏ݋ܿ ቆ
ሻݒሺߛ௣݉ܯܾ

௦భܦ̀
ቇ െ 1ቇ

െ
߁ሻݒଶሺߛ ௠೛݉௣ܰܯெܰܩ

ܽ ቆ݁௔ ஽̀ೞమ ⁄ ݏ݋ܿ ቆ
ሻݒሺߛ௣݉ܯܾ

௦మܦ̀
ቇ െ 1ቇ െ

଴ሻݎሺீܯ௣ܰ௠೛݉ܩ
଴ݎ

 

 
The variables used in the above equation are defined in Chapters III and IV, and ீܯሺݎ଴ሻ 

is equal to the mass of the ordinary matter enclosed in a sphere of radius ݎ଴ around the galaxy 
center.  Therefore, ݈݅݉௥బ՜ஶீܯሺݎ଴ሻ ൌ ீܯ , where ீܯ  denotes the total mass of ordinary matter in 
the galaxy.  As ̀ܦ௦భ and ̀ܦ௦మ are significantly larger than one parsec and ܽ is of the order of 

10ିଵସ ݉, the terms ݁௔ ஽̀ೞభ⁄  and ݁௔ ஽̀ೞమ ⁄  are indistinguishable from 1.  Therefore, the maximum 

potential energy of the object is given by ௠ܸ௔௫ ൑
ଶீேೄெே೘೛௠೛ఊమሺ௩ሻ

௔
, where ௦ܰ ൌ ሺ1 ൅  ሻܰெ and߁

the minimum potential energy is given by ௠ܸ௜௡ ൒ െ
ீ௠೛ே೘೛ெಸሺ௥బሻ

௥బ
.  In order to remain trapped 

within the galactic disk at ܽ ا ଴ݎ ൏
௕௠೛ெఊሺ௩ሻ

గ
, the total potential plus kinetic energy of the 

orbiting object must fall somewhere between ௠ܸ௜௡ and ௠ܸ௔௫, leading to 
ଵ
ଶ
ܰ௠೛݉௣ݑଶሺݎ଴ሻ ൑ ௠ܸ௔௫െ ௠ܸ௜௡ ൏

ଶீேೞெே೘೛௠೛ ఊమሺ௩ሻ

௔
൅

ீே೘೛௠೛ெಸሺ௥బሻ

௥బ
, where ݑሺݎ଴ሻ is the velocity 

of the orbiting object.  Therefore, 
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Equation 6-1a 

଴ሻݎሺݑ ػ ቀସீேೞெ ఊ
మሺ௩ሻ

௔
൅ ଶீெಸሺ௥బሻ

௥బ
ቁ
ଵ ଶ⁄

   

 
and the maximum possible velocity for a trapped object is in the vicinity of 
Equation 6-1b 

଴ሻݎ௠௔௫ሺݑ ൌ ቀସீேೞெ ఊ
మሺ௩ሻ

௔
൅ ଶீெಸሺ௥బሻ

௥బ
ቁ
ଵ ଶ⁄

   

 
Thus, the upper bound of the velocity possible for an orbiting object is ݓ௢௕௝,௠௔௫ ൌ ଴ሻݎ௠௔௫ሺݑ ⁄଴ݎ .  
Since ݈݅݉௥బ՜ஶீܯሺݎ଴ሻ ൌ  and ݓ the ratio between the angular velocity of the spiral pattern ,ீܯ
the maximum angular velocity ݓ௢௕௝,௠௔௫ is given by 
Equation 6-2a 

௪
௪೚್ೕ,೘ೌೣ

ൌ ௪
ሺ௨೘ೌೣሺ௥బሻ ௥బ⁄ ሻ ൌ

௪௥బ

൬రಸಿೞಾ ംమሺೡሻ
ೌ ାమಸಾಸሺೝబሻ

ೝబ
൰
భ మ⁄ ՜ ௪௥బ

ଶ
ቀ ௔
ீேೞெ ఊమሺ௩ሻ

ቁ
ଵ ଶ⁄

  

 

as long as  ௔ெಸ
ଶேೞெ ఊమሺ௩ሻ

ا ଴ݎ ൏
௕௠೛ெఊሺ௩ሻ

గ
.  Therefore, ௪

௪೚್ೕ,೘ೌೣ
 increases linearly with ݎ଴ for any 

value ௔ெಸ
ଶேೞெ ఊమሺ௩ሻ

ا ଴ݎ ൏
௕௠೛ெఊሺ௩ሻ

గ
 and ݎ଴ ب ܽ.  The corotation radius ܴ௖, defined as the radial 

distance at which the velocity of the orbiting objects is equal to the angular velocity of the 
central core and the SHP groups, occurs when ݓ௢௕௝,௠௔௫ሺܴ௖ሻ ൌ  and is therefore given by ,ݓ
Equation 6-2b 

ܴ௖ ൎ
ଵ
௪
ቀସீேೞெ ఊ

మሺ௩ሻ
௔

൅ ଶீெಸሺோ೎ሻ
ோ೎

ቁ
ଵ ଶ⁄

  

 
Consequently, particles or objects with orbital radii larger than ܴ௖ can no longer keep up with ݓ 
and begin to lag behind the rotation rate of the zonal pattern.  

Figure 6-2 provides the graphic solution of the equation for ܴ௖ for the case of a galaxy 
with a spherically symmetric distribution of ordinary matter of mass ீܯ ൌ 10ସ଴ ݇݃ contained 
within a radius ܴ ൏  ଴ሻ is assumed to beݎሺீܯ ,from the center of the galaxy (therefore  ܿ݌ 10
virtually equal to the total mass of the galaxy for all distances ݎ ൐ ܴ).  The given galaxy is 
assumed to contain a single SHP group of ௦ܰ ൌ 50 superheavy particles of particle mass 
ܯ ൌ 0.125 כ 10ହ ݇݃ rotating at a speed of ݒ ൌ 0.8ܿ in a circular orbit of radius of ܣ ൌ  ܿ݌݇ 1.8
around the center of the galaxy.  In this figure, the functions ݕ ൌ ݕ ଴ (in violet) andݎ ൌ
ଵ
௪
ቀସீேೞெ ఊ

మሺ௩ሻ
௔

൅ ଶீெಸ
௥బ

ቁ
ଵ ଶ⁄

 (in red, using ݓ ൌ ݒ ⁄ܣ ) were drawn to provide ݓ ௢௕௝,௠௔௫ݓ ൐ 1⁄  

when ݎ଴ ൐ ܴ௖ ൎ  .ܿ݌ 13.5
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Figure 6-2 
 

The pattern speed in this example is given by ݓ ൌ ݒ ⁄ܣ ൌ 4.32 כ 10ିଵଶ ܿ݁ݏ/݀ݎ.  It would take 
the pattern ଶగ஺

௩
ൌ 46,083 years to complete one full rotation, while a star moving at a speed of 

 requires as many as ܿ݌݇ relative to the galaxy center in a circular orbit of radius of 10 ݏ/݉݇ 250
245.78 million years to complete a full rotation. 
 
Section VI-2: The Outflow of Gas and Matter From Galaxies 

 
As shown above, at distances of ݎ଴ ൐ ܴ௖ the spiral maxima and minima rotate faster than 

the given ordinary object, and therefore overtake its orbit on a periodic basis.  When the object’s 
initial potential plus kinetic energy just prior to an encounter with a rotating maximum contour is 
lower than its potential energy at that maximum, the potential plus the kinetic energy of the 
object must be elevated to match or exceed its potential energy at the maximum.  In addition, the 
rotating spiral applies a greater than zero net tangential force on the rotating object along its 
direction of movement, thereby resulting in a non-zero net work and in increasing the object’s 
energy with every full spiral rotation.117  Unless the object loses this added energy via other 
interactions in between successive encounters, its energy level will steadily increase.  The 
object’s potential plus kinetic energy is thus expected to eventually exceed its potential energy at 
the highest maximum ݊ ൌ 1, and consequently the object will exit the galaxy.   

In figure 6-3, the maxima of the relativistic oscillations beyond ݊ ൌ 1 decline with 
increasing distance and cannot confine the object, which breaks free and flies out in the 
tangential direction away from the galaxy.  A collective outward flow of galactic matter may 
explain the observed large-scale outflow of gas from galaxies. 
 

                                                 
117  This results from the assumption that the object does not rotate in the opposite direction of the spiral.  In the case where the 
object and the spiral rotate in opposing directions, the spiral will initially slow down and halt the object’s rotation, before  
accelerating it in the opposite direction.  From that point on, the energy of the object will begin to increase. 

଴ݎ

 ݕ

ݕ ൌ
ܣ
ݒ
ቆ
ܩ4 ௦ܰߛ ܯଶሺݒሻ

ܽ
൅
ீܯܩ2

଴ݎ
ቇ
ଵ ଶ⁄

 

ݕ ൌ  ଴ݎ
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Figure 6-3: Provides the gravitational potential energy along the x axis between an ordinary particle of mass ݉௣ and the binary 
SHP groups of a galaxy, described by the parameters ߁  ൌ ܣ ,1 ൌ ெܰ ,ܿ݌݇ 1.8 ൌ 1, ܰ௠೛ ൌ 1 and ீܯ ൌ 10ଷ଼ ݇݃.  Given non-
relativistic SHP velocities of ݒ ا c, the potential energy derived via equation 4-1-1a demonstrates a long and steady decline 
beyond the ݊ ൌ 1 maximum (in violet) toward the ݊ ൌ 0 potential energy minimum.  However, at a relativistic SHP velocity of 
ݒ ൌ 0.75ܿ, the potential energy (in blue) provides outward propagating oscillations well beyond the external zonal maximum 
݊ ൌ 1, while the ݊ ൌ 1 maximum contour shifts outward.  
 

As the object’s energy increases gradually over time, the object’s potential plus kinetic 
energy at the time it crosses the ݊ ൌ 1 maximum and escapes the galaxy is approximately equal 
to the object’s potential energy at this maximum (thus the kinetic energy of the object at this 
point is close to zero).  Therefore, at ݎଵ ب ܽ and ܯ ௌܰ ا  ሺrଵሻ, the average overall potentialீܯ
plus kinetic energy of the object at the exact time of intersection with the zonal maximum ݊ ൌ 1 

is given by ܧ ൌ
ଶீேೞெே೘೛௠೛ఊమሺ௩ሻ

௔
െ

ீே೘೛௠೛ெಸሺ௥భሻ

௥భ
.  After breaking away, the overall energy level of the 

test object remains approximately unchanged (assuming only a small contribution from other 
galaxies and minor SHP groups).  At distances ݎ ب  ଵ, where the SHP contribution becomesݎ
negligible, the object’s kinetic energy is equal to 

ܧ ൌ
1
2ܰ௠೛݉௣ݑሺݎሻଶ െ

ሻݎሺீܯ௠೛݉௣ܰܩ
ݎ ՜

௥՜∞

1
2ܰ௠೛݉௣ݑஶଶ ൎ

ܩ2 ௦ܰܰܯ௠೛݉௣ߛଶሺݒሻ
ܽ െ

ଵሻݎሺீܯ௠೛݉௣ܰܩ
ଵݎ

 

Consequently, the velocity of the galactic gas outflow ݑஶ can be expected to approach 
Equation 6-3a 

ஶݑ ൎ ቆ
ܩ4 ௦ܰߛܯଶሺݒሻ

ܽ െ
ଵሻݎሺீܯܩ2

ଵݎ
ቇ
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The approximate radius of the first maximum contour is given by ݎଵ ൎ
௕ெ௠೛ఊሺ௩ሻ

గ
ൎ  ଶݎ ଶ, whereݎ2

is equal to the approximate radius of the outermost substantial minimum contour, or roughly the 

radius of the galactic disk.  Substituting ௕ெ௠೛ఊሺ௩ሻ
గ

 for ݎଵ and ீܯ for ீܯሺݎଵሻ in equation 6-3a,118 
the speed of the ejected test object at far greater distances from the galaxy can also be written as 
Equation 6-3b 

ஶݑ ൎ ቆ
ܩ4 ௦ܰߛܯଶሺݒሻ

ܽ െ
ீܯߨܩ2

ሻݒሺߛ௣݉ܯܾ
ቇ
ଵ ଶ⁄

 

 
This process provides a possible explanation for the mechanism that drives the galactic outflow 
of gas and determines its velocity.  Note that if the galaxy center contains a substantial amount of 
additional smaller SHPs (at sufficient quantity that their overall mass is larger than or 
comparable to ௦ܰܯ), other outflow velocities may be detected.  Such a phenomenon is observed 
in the Solar System, where solar wind is observed to have two different speeds at about 
400  ݇݉ ⁄ݏ  and 750  ݇݉ ⁄ݏ , suggesting significant contribution from at least two different SHP 
types. 
 
Section VI-3:  The Constant Galaxy Rotation Curve 
 

According to Newton’s theory of gravitation, one might expect that the speed of a star 
rotating beyond the main body of a galaxy mass should decrease inversely to the square root of 
the star’s orbital radius.  Mathematically stated, 
Equation 6-4 

ே௘௪௧௢௡ݑ ൌ ቀீெಸሺ௥ሻ
௥

ቁ
ଵ ଶ⁄

   
 
Accordingly, at distances where ீܯሺݎሻ ൌ ீܯ , stars at the outer edge of a galactic disk would be 
expected to travel at much lower velocities than those near the middle.  However, measurements 
of the rotation curves of a number of known spiral galaxies have demonstrated significant 
departure from the velocities predicted by Newtonian gravitation. Rather, stellar velocity was 
observed to remain roughly constant, or in some cases to increase slightly with distance from the 
center.  To date, the theory of dark matter is the leading explanation for the galaxy rotation 
problem.  Current theories predict that dark matter should account for about 22% of the mass of 
the observable universe, compared with only about 4% estimated for baryonic matter.119  As of 
yet, however, there is no direct evidence for the existence of dark matter, nor any clear and 
accepted theory that explains what exactly this matter is, what determines its distribution in 
galaxies and in the universe, why it has so little presence, if at all, within our Solar System, or 
how it influences galactic morphology.  The hypothesis that the constant rotation curve observed 

                                                 
ீܯ 118 ൌ  ଵሻ indicates that the vast majority of the galaxy’s ordinary matter is contained within its core and within theݎሺீܯ
galactic disk. 
119 The remaining 74% of the missing mass is believed, according to the current leading paradigm, to consist of dark energy.  
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in spiral galaxies is due to a massive dark halo surrounding a spiral disk allows Newton’s 
gravitational theory to hold over cosmological scale distances.  Consequently, most astronomers 
and physicists prefer this explanation to the alternative, that Newtonian dynamics require 
modification for application over cosmological distances.120  

  Whereas the Newtonian rotation curve of equation 6-4 drops proportionally to ିݎଵ ଶ⁄ , 
the UG rotation curve of equation 6-1a limits the speed of a rotating object to the range of 

0 ൑ ሻݎሺݑ ൏ ቀସீேೞெஓ
మሺ௩ሻ

௔
൅ ଶீெಸሺ௥ሻ

௥
ቁ
ଵ ଶ⁄

 within the oscillation range of ܯ and ݉௣ at distances 

ݎ ൏ ௕ெ௠೛ஓሺ௩ሻ
గ

.  Therefore, at relatively short distances121 ݎ ൏ ሻݎሺீܯ ,ܴ ן ݎ ଷandݎ ا ௔ெಸሺ௥ሻ
ଶெேೞγమሺ௩ሻ

, 

the rotation curve increases proportionally to ݎ, in agreement with observations (see figure 6-5c 

at distances ݎ ൏ ሻݎሺீܯ  At distances  .(ܿ݌݇ 4 ൎ ீܯ ן ܴଷ, where ݎ ൒ ܴ and  ݎ ا ௔ெಸሺ௥ሻ
ଶெேೞγమሺ௩ሻ

, the 

velocity of the orbiting object becomes ݑሺݎሻ ൏ ቀଶீெಸ
௥
ቁ
ଵ ଶ⁄

.   

At distances  ݎ ب ௔ெಸሺ௥ሻ
ଶெேೞγమሺ௩ሻ

  and ܣ ا ݎ ൏ ௕ெ௠೛ஓሺ௩ሻ
గ

, the maxima and minima contours of 

both SHP groups (in the case of binary groups) almost coincide, and the contribution of ordinary 
matter is relatively small.  Therefore, all the potential energy maxima within this range of 

distances demonstrate approximately the same potential energy of  
ଶீேೞெே೘೛௠೛

௔
, and all of the 

minima within this range have a potential energy of virtually zero joules or electron-volts (note 
that the external maximum ݊ ൌ 1 is slightly higher than the rest of the maxima within this range 
of distances and can thus contain the object within the galaxy). 

When ݎ ൐ ܴ௖ ൎ
ଵ
௪
ቀସீேೞெ ఊ

మሺ௩ሻ
௔

൅ ଶீெಸሺோ೎ሻ
ோ೎

ቁ
ଵ ଶ⁄

, the spiral rotates faster than the ordinary 

object around the center of the galaxy, and therefore the overall potential plus kinetic energy of 
the object must be elevated during its periodic encounters with the spiral’s local maxima to 
match or slightly exceed the highest potential energy encountered by the object.  As the potential 
energy maxima are virtually equal, and the object remains trapped within the galaxy, its energy 

must be close to 
ଶீேೞெே೘೛௠೛

௔
.  Therefore, the kinetic energy of the orbiting object will 

periodically approach zero upon encounter with a maximum contour in this range of distances, 
while upon encountering a minimum, the object’s velocity becomes 

௠௜௡ሻݎሺݑ ൎ ቌ
2

ܰ௠೛݉௣
ቆ
ܩ2 ௦ܰܰܯ௠೛݉௣

ܽ െ 0ቇቍ

ଵ ଶ⁄

ൌ ቆ
ܩ4 ௦ܰߛܯଶሺݒሻ

ܽ ቇ

ଵ ଶ⁄

 

                                                 
120 The leading alternative theory of Modified Newtonian Dynamics, or MOND, is provided by Milgrom, M. 1983. ApJ., 270, 
371; Milgrom, M, Braun, E. 1988. ApJ., 334, 130; McGaugh, S.S. and Blok, W.J.G. de. 1998. ApJ., 499, 66; Blok W.J.G de, 
McGaugh, S.S. 1998. ApJ. 508, 132; Begeman, K.G, Broeils, A.H., and Sanders, R.H. 1991. MNRAS, 249, 523; Sanders, R.H. 
1996. ApJ., 473, 117; and Sanders, R.H., Verheijen M.A.W. 1998. ApJ., 503, 97.  Non-gravitational acceleration of halo gas 
rotation (due to magneto-hydrodynamical force) was also suggested as an alternative by Nelson, A.H. 1988. MNRAS. 233, 115.  
121 The dependency of ீܯሺݎሻ on ݎଷ can be derived by assuming a homogenous spherical distribution of ீܯሺݎሻ ൌ

ସగ
ଷ
 ଷ forݎߩ

ݎ ൏ ܴ, and ீܯሺݎሻ ൌ ீܯ  ൌ
ସగ
ଷ
ݎ ଷ forܴߩ ൒ ܴ, where the density of the ordinary matter ρ is assumed to be constant.  
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where ݎ ب ௔ெಸሺ௥ሻ

ଶெேೞఊమሺ௩ሻ
 and ܣ ا ݎ ൏ ሻݒሺߛ݌݉ܯܾ

ߨ .  As the zonal spiral rotates, the object encounters an 

equal number of potential energy maxima and minima.  Since matter tends to gravitate toward 
the minima potential energy, the object spends longer periods of time near the minima than near 
the maxima or near any other potential energy level in between.  For this reason, the density of 
matter near the minima is far greater than the density of matter near the maxima.  Most of the 
observed radiation generated by the galactic gas is therefore likely to have originated at or near 
the potential minima locations, where the velocity of the object is given approximately by 

௠௜௡ሻݎሺݑ ൌ ቀସீேೞெγమሺ௩ሻ
௔

ቁ
ଵ ଶ⁄

.  Consequently, the spectrum of the radiation emitted by the object’s 

atoms appears redshifted when the matter moves away from the observer, or blue-shifted when 
the matter moves toward the observer, and is strongly skewed toward the shift associated with 

the velocity of the object at the minima ݑሺݎ௠௜௡ሻ ൌ ቀସீேೞெγమሺ௩ሻ
௔

ቁ
ଵ ଶ⁄

.  Note that ݑሺݎ௠௜௡ሻ is 

constant and independent of both the mass of the object as well as its distance from the center of 
the galaxy.  As the minima are generally circular, the velocity of the object is almost tangential.   
Therefore, the spectral redshift or blueshift at the large distance range observed is of a relatively 
flat velocity curve. 

Between the small and large-scale distances, there is a mid-range of distances at which 

ݎ ൏ ௕ெ௠೛γሺ௩ሻ
గ

  is of the order of ݎ , ௔ெಸሺ௥ሻ
ଶெேೞγమሺ௩ሻ

, and ீܯሺݎሻ ൎ ீܯ  is almost independent of ݎ.  At 

these distance ranges, the potential energy maxima and minima of the mid-range distances vary, 
and generally increase with distance.  To analyze the velocity curve within this range in detail, 
the process described above can be repeated.  Over time, the orbiting object drifts outward as its 
energy level increases due to the energy transferred to the object by the rotating spiral.  
Therefore, the overall potential plus kinetic energy of the object must be equal to or slightly 
higher than the highest energy maximum encountered by the object up to that point in time on its 
journey outward.122  

                                                 
122 Note that this discussion assumes that the effect exerted on the given object by other orbiting objects is relatively small.  As 
will be shown in Chapter VII, this assumption does not necessarily hold true for the case of elliptical galaxies.  
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Figure 6-4a   
 

  
Figure 6-4b 
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Figure 6-4c: Depicts a two dimensional contour map of the same galaxy provided in figures 6-4a and b, where the brighter colors 
denote lower potential energy of the test object.   
 

Based on the above discussion, the potential plus the kinetic energy of the object as a 
function of the distance from the galaxy center is presented in figures 6-4a, 6-4b and 6-4c for the 
case of a single ordinary particle of mass ݉௣ within a galaxy containing identical binary SHP 
groups ሺ߁ ൌ 1ሻ, each composed of a single SHP of mass ܯ ൌ 0.156 כ 10ହ ݇݃, rotating at 
constant speed ݒ ൌ 0.75ܿ in a circular orbit of radius ܣ ൌ  around the galaxy center. The ܿ݌݇ 1.8
mass of the ordinary matter at the center of the galaxy (within few parsecs) was selected to equal 
ீܯ ௦ܰ⁄ ൌ 10ଷ଼ ݇݃.  Figure 6-4c provides a two dimensional contour map of the potential energy 
of the test particle, as well as an additional perspective of the same galaxy displayed in a one 
dimensional graph of the particle’s potential energy along the ݔ axis.123  Detailed waveforms of 
the one dimensional graph are provided in figures 6-4a (for ݔ ൌ 0 to 6 ݇ܿ݌) and 6-4b (for ݔ ൌ 0 
to 230 ݇ܿ݌). The green curves in these figures provide the contribution of the galaxy’s ordinary 
matter to the overall potential energy.  The blue curve provides the overall potential energy 
contributed by the relativistic SHP groups and by the galaxy’s ordinary matter.  The black lines 

                                                 
123 Note that when a series of graphs separated by a short time interval were calculated and displayed in rapid succession as a 
movie, the waves of figures 6-4a and 6-4b traveled outward, while the two dimensional map rotated counterclockwise, displaying 
spirals that converge outward. 
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provide the approximate overall potential plus kinetic energy of the object.  Note that the overall 
potential plus kinetic energy of the object remains almost constant at the level of the highest 
maximum peak previously encountered by the object, with a slight positive slope.124  Upon a 
successive encounter with a higher energy maximum, the object’s energy level will abruptly 
increase to match the potential energy of the new maximum peak.  This is reflected by a step 
increase between successive black lines, which are connected via a short segment of the blue 
potential energy curve.  Consequently, the local velocity of the object at the time of the emittance 

of a photon varies between ݑ ൌ ௠௜௡ݑ ൎ ൬2 ௏೘ೌೣି௏೔,೘ೌೣ
ே೘೛௠೛

൰
ଵ ଶ⁄

 and ݑ ൌ ௠௔௫ݑ ൎ ൬2 ௏೘ೌೣି௏೔,೘೔೙
ே೘೛௠೛

൰
ଵ ଶ⁄

, 

where ௠ܸ௔௫  denotes the highest potential energy encountered thus far by the object.  ௜ܸ,௠௔௫ and 
௜ܸ,௠௜௡ respectively provide the local maximum and minimum potential energy encountered at the 

given time.  The value and the direction of ݑሬԦ determine the amount of redshift or blueshift of the 
photon when intercepted by the observer.  As discussed above, the density of matter tends to be 
significantly higher at the potential energy minima, thus the distribution of the velocity ݑ is 

skewed strongly toward ݑ ൌ ௠௔௫ݑ ൎ ൬2 ௏೘ೌೣି௏೔,೘೔೙
ே೘೛௠೛

൰
ଵ ଶ⁄

.  Hence, the spectrum of the radiation 

emitted by the object’s atoms appears redshifted when matter is moving away from the observer 
or blueshifted when matter is moving toward the observer, and strongly skewed toward a 
wavelength shift associated with the velocity of   
Equation 6-5 

ݑ ൎ ൬2 ௏೘ೌೣି௏೔,೘೔೙
ே೘೛௠೛

൰
ଵ ଶ⁄

ൎ ቆସீேೞெγమሺ௩ሻ
௔

൅ ∆ ቀீெಸ
௥
ቁቇ

ଵ ଶ⁄

    

 

where ∆ ቀீெಸ
௥
ቁ ൌ െ ீெಸ

௥೘ೌೣ
൅ ீெಸ

௥೔,೘೔೙
.  As aforementioned, for distances ݎ ب ௔ெಸ

ଶேೞெγమሺ௩ሻ
 or 

൬ ௥೘ೌೣ௥೔,೘೔೙
௥೔,೘೔೙ି௥೘ೌೣ

൰ ب ௔ெಸ
ଶேೞெγమሺ௩ሻ

, the velocity of the object is given by ݑ ൎ ቀସீேೞெγమሺ௩ሻ
௔

ቁ
ଵ ଶ⁄

.  Due to this 

concept, the rotation curve of the modeled galaxy was calculated by subtracting the potential 
energy waveform (the blue curve) from the potential plus kinetic energy waveform (indicated in 
black) displayed in figures 6-4a and 6-4b.  Based on the above discussion, the overall potential 
plus kinetic energy is determined mainly by the highest maxima encountered prior to the given 
point in time ௠ܸ௔௫.  As long as no higher maximum is encountered, the energy of the particle 
will increase only slightly with each rotation of the spiral, thus remaining nearly constant.  
However, upon encountering a higher maximum ௜ܸ,௠௔௫, the potential plus kinetic energy of the 
object will increase to the level of ௜ܸ,௠௔௫, as demonstrated by the series of black lines in the 
figures.  The calculated radius and potential energy of the maxima and minima shown in figures 
6-4a and 6-4b are respectively provided in the columns x, ௠ܸ௔௫ and ௜ܸ,௠௜௡ of table 6-1.  The 
Delta column of the table provides the approximately calculated kinetic energy of the object 
                                                 
124 The slight positive slope is a consequence of the small increase in the object energy due to the work done by the spiral 
rotation. 
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upon encountering the minima of the spiral, given by ௠ܸ௔௫ െ ௜ܸ,௠௜௡, and the column ேܸ௘௪௧௢௡ 
provides the Newtonian potential energy of the galaxy’s ordinary matter (indicated in green in 
figures 6-4a and 6-4b).  Bear in mind that the waveforms and the two dimensional map of figures 
6-4a to 6-4c (and therefore the set of values ௠ܸ௔௫ and ௜ܸ,௠௜௡ in table 6-1) were calculated under 
the assumption that each group contains a single SHP, and that the total mass of ordinary matter 
in the galaxy ீܯ ൌ 10ଷ଼ ݇݃ is concentrated mainly in a sphere of radius ݎ ൏   .ܿ݌݇ 0.375
According to equation 4-1-1a (as well as to the second scaling theorem of the UG theory 
provided in appendix A), galactic morphology will remain unchanged as the number of 
superheavy particles in each SHP group and the mass of the ordinary matter ீܯ  are multiplied 
by the same value ௦ܰ, while the potential energy and velocity of the object increase by a factor of 

௦ܰ and ඥ ௦ܰ respectively.  For example, selecting ௦ܰ ൌ 158 will result in a total of 158 
superheavy particles, and an overall ordinary matter mass of ௦ܰீܯ ൌ 1.58 כ 10ସ଴ ݇݃.  With this 
choice of ௦ܰ, the galaxy rotation curve expected according to Newtonian dynamics via equations 
6-4 (multiplied by ௦ܰ ൌ 158) and the overall UG rotation curve (which includes both the 
contribution of the galactic SHP groups and the contribution of  ordinary matter calculated via 

ݑ ൎ 0.001 ൬2 ௏೘ೌೣି௏೔,೘೔೙
ே೘೛௠೛

൰
ଵ ଶ⁄

ඥ ௦ܰ ) are provided in the last two columns of the table. Note that 

the calculated velocities include a radial component as well. However, the assumption that the 
object’s orbit is nearly circular implies that its rotational velocity is nearly equal to its overall 
velocity.  

Figure 6-5a provides the graphs of the Newtonian (in blue) and the UG (in red) galactic 
velocities, as derived from the last two columns of table 1 and drawn as functions of the object’s 
orbital radius.125 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
125 Note that as demonstrated by figure 6-4c, the potential energy is not rotationally symmetric, and may vary with the azimuth.  
Therefore, the velocity curve may also vary with the azimuth, in agreement with observations.  
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TABLE 6-1  
             
 ࢞           
  ሺ݇ܿ݌ሻ 

 ࢞ࢇ࢓ࢂ  
  (ݏ݈݁ݑ݋݆)

 ࢔࢏࢓,࢏ࢂ  
 (ݏ݈݁ݑ݋݆)

   Delta 
 (ݏ݈݁ݑ݋݆)

 ࢔࢕࢚࢝ࢋࡺࢂ
 (ݏ݈݁ݑ݋݆)

                   
 ࢞

ሺ݇ܿ݌ሻ 

   ordinary ࢛
matter 
ሺ݇݉/ܿ݁ݏሻ 

         ࢛      
overall 
ሺ݇݉/ܿ݁ݏሻ

0.375 0 no minima -9.64E-19 0.375 301.7 0.0 

0.4875 -7.16E-19 -7.42E-19 2.54E-20 -7.42E-19 0.4875 264.6 69.3 

0.5768 -5.69E-19 -5.79E-19 9.99E-21 -6.27E-19 0.5768 243.2 43.4 

0.6639 -4.37E-19 -4.74E-19 3.70E-20 -5.45E-19 0.6639 226.8 83.6 

0.858 -3.64E-19 -4.21E-19 5.67E-20 -4.21E-19 0.858 199.3 103.5 

1.003 -2.52E-19 -3.06E-19 5.41E-20 -3.60E-19 1.003 184.3 101.1 

1.147 -1.85E-19 -2.55E-19 6.93E-20 -3.15E-19 1.147 172.5 114.4 

1.2548 -1.85E-19 -2.64E-19 7.86E-20 -2.64E-19 1.2548 157.8 121.8 

1.339 -1.85E-19 -2.67E-19 8.14E-20 -2.67E-19 1.339 158.6 123.9 

1.407 -1.85E-19 -2.57E-19 7.14E-20 -2.57E-19 1.407 155.7 116.1 

1.544 -1.42E-19 -2.10E-19 6.78E-20 -2.34E-19 1.544 148.6 113.2 

1.668 -9.55E-20 -1.64E-19 6.86E-20 -2.17E-19 1.668 143.0 113.8 

1.7411 -7.47E-20 -1.44E-19 6.89E-20 -2.08E-19 1.7411 140.1 114.0 

1.8093 -6.21E-20 -1.31E-19 6.86E-20 -2.00E-19 1.8093 137.4 113.8 

1.917 -5.13E-20 -1.21E-19 6.96E-20 -1.89E-19 1.917 133.6 114.7 

2 -4.99E-20 -1.20E-19 6.99E-20 -1.81E-19 2 130.5 114.9 

2.1064 -4.99E-20 -1.22E-19 7.23E-20 -1.72E-19 2.1064 127.3 116.8 

2.205 -4.99E-20 -1.25E-19 7.56E-20 -1.64E-19 2.205 124.4 119.4 

2.298 -4.99E-20 -1.28E-19 7.79E-20 -1.57E-19 2.298 121.9 121.2 

2.5 -4.99E-20 -1.28E-19 7.80E-20 -1.44E-19 2.5 116.7 121.4 

2.71 -4.99E-20 -1.22E-19 7.20E-20 -1.33E-19 2.71 112.1 116.6 

2.875 -4.62E-20 -1.15E-19 6.83E-20 -1.26E-19 2.875 109.0 113.5 

3.1 -3.30E-20 -9.95E-20 6.65E-20 -1.17E-19 3.1 104.9 112.0 

3.472 -1.42E-22 -6.08E-20 6.07E-20 -1.04E-19 3.472 99.2 107.0 

3.886 4.13E-20 -2.33E-20 6.46E-20 -9.31E-20 3.886 93.7 110.4 

4.2 4.29E-20 -4.32E-20 8.60E-20 -8.61E-20 4.2 90.1 127.4 

4.619 4.29E-20 -7.83E-20 1.21E-19 -7.83E-20 4.619 86.0 151.2 

5.165 4.29E-20 -5.85E-20 1.01E-19 -7.00E-20 5.165 81.3 138.3 

5.911 7.36E-20 -5.82E-20 1.32E-19 -6.13E-20 5.911 76.1 157.7 

6.632 7.93E-20 -5.04E-20 1.30E-19 -5.45E-20 6.632 71.7 156.5 

7.515 7.93E-20 -1.34E-20 9.28E-20 -4.81E-20 7.515 67.4 132.3 

8.634 7.93E-20 -2.73E-21 8.21E-20 -4.19E-20 8.634 62.9 124.5 

12.25 1.05E-19 4.02E-20 6.44E-20 -2.95E-20 12.25 52.8 110.2 

14.87 1.05E-19 -6.60E-21 1.11E-19 -2.43E-20 14.87 47.9 144.9 

17.57 1.05E-19 1.45E-20 9.01E-20 -2.06E-20 17.57 44.1 130.4 

22.94 1.05E-19 -3.66E-21 1.08E-19 -1.58E-20 22.94 38.6 143.0 

27.49 1.05E-19 3.11E-20 7.35E-20 -1.32E-20 27.49 35.2 117.8 

34.68 1.09E-19 7.51E-20 3.39E-20 -1.04E-20 34.68 31.4 79.9 

41.66 1.30E-19 1.11E-19 1.92E-20 -8.71E-21 41.66 28.7 60.2 

44.866 1.30E-19 1.17E-19 1.36E-20 -8.06E-21 44.866 27.6 50.7 

49.12 1.30E-19 1.24E-19 6.40E-21 -7.36E-21 49.12 26.4 34.8 

50.75 1.32E-19 escape point 50.75 
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Figure 6-5a:  The galaxy rotation curve within the disk range of distances between 0 ݇ܿ݌ to 24 ݇ܿ݌ (ݔ axis) and velocity 
between 0 and 350 ݇݉/ݏ (on the ݕ axis).  
 
 

 
Figure 6-5b:  The velocity curve of a galaxy similar to the one provided by figure 6-5a, where ீܯ ௦ܰ⁄  increases from 
10ଷ଼ ݇݃ to 2.5 כ 10ଷଽ ݇݃.  The x axis provides the distance from the galactic center between 0 ݇ܿ݌ and 500 ݇ܿ݌, and the y axis 
provides the object velocity between 0 and 800 ݇݉/ݏ.  
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Figure 6-5c:  Measured mean velocities in the plane of the galaxy, as a function of linear distance from the nucleus for 21 Sc 
galaxies, arranged according to increasing linear radius. The curve drawn is a rotation curve formed from the mean of velocities 
on both sides of major axis (Rubin, Ford & Thonard, 1980).  The general trend is of rapid velocity rise to ݒ ൎ 125݇݉ ⁄ݏ  at about 
ݎ ൌ   .and slower rise or close to constant velocity thereafter ,ܿ݌݇ 5
 
Figure 6-5a provides the distance range between 0.375 ݇ܿ݌ and 24 ݇ܿ݌. Within the range of 
0.375 ൏ ݎ ൏  the UG rotation curve demonstrates an initial sharp increase in the ,ܿ݌݇ 6.6
velocity of the test object from ݑ ൌ 0  ݇݉ ⁄ݏ  to about ݑ ൌ 158  ݇݉ ⁄ݏ .  At roughly 3 ݇ܿ݌ to 
 around an ݏ/݉݇ the rotation curve levels and displays few oscillations within േ25 ,ܿ݌݇ 5
average velocity curve of about 135 ݇݉ ⁄ݏ , yet overall remains level relative to the sharp 
decrease demonstrated by the Newtonian rotation curve, which reduces proportionally to 
ሺ1/ݎሻଵ ଶ⁄ .  In addition, the approximately constant rotation curve increases slightly with distance, 
in good agreement with observation, as shown in figure 6-5c.126  As demonstrated by figure 6-4b, 
the rotational velocity is not isotropic within the galaxy, and is dependent on the object’s 
azimuth. 
 
 

                                                 
126 Note that a choice of ௦ܰ ൎ 350, rather than ௦ܰ ൌ 158, would have resulted in the maximum velocity of about 235 ݇݉/ݏ, 
which is closer to the range of velocities demonstrated by Andromeda.  Also note that according to table 6-1, the velocity curve 
between 24 ݇ܿ݌ and about 50 ݇ܿ݌ is reduced significantly.  However, while the theoretical velocity curve demonstrates a rapid 
decline at ݎ ൐  the density of matter within this range of distances reduces significantly beyond the ,(for this example) ܿ݌݇ 24
݊ ൌ 2 minimum at about 24 ݇ܿ݌. Therefore, beyond the distance of 24 ݇ܿ݌, the velocity curve begins to decline towards the 
outermost ݊ ൌ 1 maximum, where its velocity nearly reduces to the Newtonian velocity.  At this point, the object escapes the 
galactic disk.  As the minima within the range of distances between ݊ ൌ 1 and ݊ ൌ 2 are shallow and relatively far from each 
other, the velocity curve in this distance range is less detectable.  However, the constant rotation curves of some spiral galaxies 
were observed to end with a detectable sharp reduction in velocity, as demonstrated in the case of the velocity curves of NGC 
2885 and NGC 7664 displayed in figure 6-5c. 
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Figure 6-5d  
 

 

 
Figure 6-5e   
 
A second example is provided in figures 6-5d and 6-5e for a galaxy with similar 

parameters, containing ீܯ ௦ܰ⁄ ൌ 2.5 כ 10ଷଽ ݇݃ of ordinary matter (rather than 10ଷ଼ ݇݃).127  Due 

                                                 
127 As this example uses ௦ܰ ൌ 158, the overall mass of the galaxy’s ordinary matter is 3.95 כ 10ସଵ ݇݃. 
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to the increased mass of the ordinary matter, the test particle remains trapped within the galaxy 
even when its potential plus kinetic energy is equal to its potential energy at the ݊ ൌ 1 
maximum.  As demonstrated, the encounter with a higher potential energy maximum abruptly 
elevates the potential plus kinetic energy level of the test particle.  The particle’s potential plus 
kinetic energy (indicated in black) remains almost constant at this level, demonstrating only a 
slight increase due to the rotation of the spiral, until the next encounter with a substantially 
higher potential energy maximum.  Similar calculations lead to the rotation curve of the second 
galaxy displayed (for a given azimuth) in figures 6-5b. 

There are a large number of possible combinations of SHP and ordinary matter 
parameters.  The rotation curves of spiral galaxies therefore do not conform to a universal form, 
and different combinations may result in a different rotational curve.  However, at distances 
ݎ ൐ ܴ௖, where the central rotating spiral is sufficiently strong relative to the influence of the 
gravitational field of the galactic ordinary matter, the velocity curve of the galaxy will remain 
flat relative to the Newtonian velocity curve. 

  In summary, the UG theory is demonstrated to provide a constant velocity curve in 
spiral galaxies that is consistent with observations, without the need to assume the presence of 
yet undetected dark matter.  

 
Section VI-4: The Influence of SHP Group Rotation on Star Formation in Galaxies 
  

Observations demonstrate that new star formation is relatively low in elliptical galaxies, 
where the amount of interstellar gas is scarce, while a substantial amount of star formation takes 
place within gas-rich spiral galaxies.  According to current theory, star formation occurs when a 
large cloud of gas exceeds a critical limit, such as the Jeans limit for an isolated cloud or the 
Bonnor-Ebert mass when the cloud is subjected to external pressure.  It is well-understood that 
when the Brownian pressure created by the gas particles can no longer balance the gravitational 
force, the cloud will subsequently collapse toward its center to create a star.  However, it is not 
yet well-understood what causes the observed fragmentation that enables stars to form in groups 
ranging from binary systems to stellar clusters containing hundreds of thousands of members, or 
what stops this fragmentation.  In addition, the mechanisms that determine the mass and quantity 
of newly formed star systems are currently unknown.  In section IV-1-2 of Chapter IV, galactic 
star formation via the interaction of binary SHP groups was discussed for the case of static or 
nearly static SHP groups, where as shown in figures 4-2a to 4-2e, the intersections of the 
minimum contours of two SHP groups create a local web of potential energy minima at which 
clouds of gas are formed.  The collapses of these clouds become sites of star formation.  It was 
further demonstrated that the number of intersections per volume of space increases as their 
distance from the nearest SHP group is reduced.  In addition, the amount of matter at each 
intersection was shown to decrease at close proximity to a superheavy particle group, suggesting 
that the number of stars produced is inversely related to their size and mass.  Finally, it was 
concluded that as the galaxy center is relatively far from both SHP groups (by as much as 
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 in the given examples), the stars produced at the intersection points within a given ܿ݌݇ 1.8
volume of space located near the galactic center are expected to be fewer in number and larger in 
size and mass than those produced in an equal volume of space located closer to either one of the 
SHP groups near the tips of the galactic bar.128 

Rapid SHP rotation may have the effect of converting star formation from a one-time 
event, by which thousands to hundreds of thousands of stars are formed at static minimum 
points, into a production line which over time creates more than 10ଽ െ 10ଵଶ stars.  In the case of 
SHP rotation, at distances of ݎ ൏ ܴ௖, orbiting matter can rotate at the same angular velocity as 
the rotating central core and its SHP groups, and can therefore keep pace with the rotating 
pattern.  Hence, as in the static SHP scenario, at these short distances the stars remain confined to 
their place of birth within the galaxy.  Consequently, the number of stars is limited by the 
number of minima intersections.  However, as the SHP groups rotate around the galaxy center, at 
distances ݎ ൐ ܴ௖ their zonal pattern rotates too fast for the newly generated stars to keep up, and 
the new stars begin to lag behind.  As the zonal pattern continues to rotate, leaving behind the 
newly formed stars, its minima are shifted to nearby locations containing fresh interstellar gas. 
The accretion of matter at the new minima locations initiates a series of additional collapses, and 
a new set of stars is generated.  This process is repeated with rotation, and by the time that the 
SHP groups have completed a full orbit around the galactic center, returning to their original 
positions, the stars created previously at these minima locations are expected to have relocated 
and to have been replaced with fresh interstellar gas, allowing the process to repeat all over 
again.  The mechanism underlying the migration of stars away from their place of birth is as 
follows: As the minima of the pattern rotate away from the stars formed within them, the minima 
are replaced by their adjacent maxima contours.  As these maxima cross paths with the slower 
moving stars, they elevate the overall potential plus kinetic energy of the stellar systems to match 
or slightly exceed their potential energy at the maxima.  As the pattern continues to rotate faster 
than the orbiting new stars, the maxima contours move away from the stars’ initial areas of 
formation, thus converting their elevated potential energy into kinetic energy, thereby 
accelerating them away from their original positions.  

Consequently, by the time the following minimum arrives at a given location of star 
formation, the stars produced in the previous cycles have moved away from their original 
coordinates, vacating the area for an inflow of fresh interstellar gas, ready to collapse into new 
stars.  This process may continue for as long as a new supply of interstellar gas and dust is 
available.  As will be shown in Chapter VII, a constant supply of interstellar matter is expected 

                                                 
128 In accordance with the UG stellar model, in 2008 Yusef-Zadeh and colleagues announced evidence of very young stars in a 
ring of gas near the heart of the Milky Way Galaxy. The researchers observed strong radio emissions from natural molecular 
masers, which form within dense collapsing clouds. The presence of these masers suggests that gas is collapsing to form 
protostars, which will eventually form into stars that are tens of times heavier than the Sun.  In addition, these protostars share the 
same space with older stars (see Courtland, Rachel (July 23, 2008). “Stellar Nursery Found Near Milky Way’s Violent Heart.” 
New Scientist, http://www.newscientist.com/article/dn14390).  Some stars were observed further in toward the galaxy center, 
only two light years away from Sagittarius A, currently believed to be a massive black hole.  Sagittarius A is thus a likely 
candidate to be the rotating central core of the galaxy. 
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to be available until the superheavy particles generated at the galactic core become sufficiently 
massive to “lock” the galaxy, or to severely restrict any further inflow of ordinary matter.  

Figures 6-6, 6-7 and 6-8 provide the potential energy of a test object in a galaxy using 
equation 4-1-1a with the set of parameters ߁ ൌ ܣ ,1 ൌ ெܰ ,ܿ݌݇ 1.8 ൌ 1, ܰ௠೛ ൌ ݒ ,1 ൌ 0.75ܿ,  
and ீܯ ൌ 10ଷ଼ ݇݃.  

 
Figure 6-6a: Provides the potential energy of an ordinary particle of mass ݉௣ along the x axis (which passes through the binary 
SHP groups of a galaxy) is described by the parameters ߁  ൌ ܣ ,1 ൌ ெܰ ,ܿ݌݇ 1.8 ൌ 1, ܰ௠೛ ൌ ݒ ,1 ൌ 0.75ܿ, and ܯ௚ ൌ 10ଷ଼ ݇݃ 
of equation 4-1-1a.  A high density of minima is demonstrated to occur between approximately 1 ݇ܿ݌ ൏ |ݔ| ൏  at which ,ܿ݌݇ 2.6
a large number of small stars are expected to be produced.  In areas with a low density of minima, as observed deep in the galaxy 
center at 0.4 ݇ܿ݌ ൏ |ݔ| ൏ |ݔ| or at ,ܿ݌݇ 1 ൐  the amount of matter collapsing toward the minima is greater, resulting in ,ܿ݌݇ 2.6
the creation of larger, but fewer stars per volume of space.  At distances ݎ ൏  ,minima and maxima cease to exist ,ܿ݌݇ 0.3
allowing matter to collapse into a possible black hole.  
 
 

 
Figure 6-6b: Displays the same galaxy at a later time, where the rotated ݔ axis becomes aligned perpendicular to the line 
connecting the two SHP groups.  As the ݔ axis is located relatively far from the two SHP groups (the closest points are 1.8 ݇ܿ݌ 
away from either SHP group), the number of minima per volume of space along the ݔ axis decreases, resulting in the production 
of fewer, yet more massive stars within the range of 1 ݇ܿ݌ ൏ |ݔ| ൏  ,axis ݔ At this orientation, when confined to the  .ܿ݌݇ 2.6
maxima and minima cease to exist below about ݎ ൎ  .ܿ݌݇ 0.8
 
Figure 6-6a provides the potential energy of the object when the ݔ axis is aligned with the two 
SHP groups positioned at ݔ ൌ േ1.8 ݇ܿ݌ (or at about 30° to 40° from the plotted horizontal axis 
of figure 6-7).  As the displayed ݔ axis passes through the two SHP groups, the figure displays a 
high density of minima between approximately 1 ݇ܿ݌ ൏ |ݔ| ൏  where a large number of ,ܿ݌݇ 2.6
relatively small stars are expected to be produced.  In areas with a low density of minima, as 
observed deep in the galaxy center at 0.4 ݇ܿ݌ ൏ |ݔ| ൏ |ݔ| or at ,ܿ݌݇ 1 ൐  the amount of ,ܿ݌݇ 2.6
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matter collapsing toward each minimum is relatively greater, resulting in the creation of larger, 
yet fewer stars per volume of space.  Figure 6-6b displays the same hypothetical galaxy at a later 
time, where the rotated ݔ axis becomes aligned perpendicular to the line connecting the two SHP 
groups.  As the distance between the ݔ axis and the two SHP groups increases (the closest points 
are 1.8 ݇ܿ݌ away from either SHP group), the number of minima per volume of space along the 
ܴ axis is reduced.  Closer to the center of the galaxy, at ݔ ൏ ݎ ൏  the slope of the 129,ܿ݌݇ 0.3
potential energy due to the contribution of ordinary matter in the galactic core becomes greater 
than the contribution of the SHP group, and the oscillation maxima and minima appear washed 
out.130  Consequently, the matter below roughly 0.3 ݇ܿ݌ can collapse toward the center of the 
galaxy, where no fragmentation can occur, and the spiral cannot reach this area.  In this model 
the spiral begins at approximately 0.5 ݇ܿ݌, thus matter below this distance cannot be carried 
outwards by the spiral.  The same observations become clear in the two dimensional maps of the 
same galaxy provided in figures 6-7, 6-8 and 6-9, where the brighter colors denote lower 
potential energy of the test object.  The SHP groups located within the area indicated by the 
white arcs131 are located near the tips of the bar and create an “interference” pattern of bright 
(minima) and dark (maxima) regions.  As the SHP groups and their resultant zonal patterns 
rotate, matter in the vicinity of the maxima gravitate toward their nearest minimum, creating 
sufficiently high concentrations of matter to  trigger a collapse in each of the minima.  The size 
of a minimum, and to some extent its location, determine the amount of matter that may be 
enclosed in its vicinity, and therefore the size and the mass of the resultant star.  

In order to obtain a more detailed analysis of the distribution of stars deep inside the 
galactic bulge, the mass of the ordinary matter was reduced to ீܯ ൌ 6 כ 10ଷ଺ ݇݃ (approximately 
3,000,000 times the mass of the Sun).  The resultant figures 6-9a to 6-9c provide two 
dimensional maps of the galaxy center with the following parameters ߁ ൌ ܣ ,1 ൌ  ,ܿ݌݇ 1.8
ܰெ ൌ 1, ܰ௠೛ ൌ ݒ ,1 ൌ 0.75ܿ, and ܯ௚ ൌ 6 כ 10ଷ଺ ݇݃, viewed in different resolutions at various 
locations within the center of the galactic disk. 
 

                                                 
129 The parameter ܴ denotes the radius of the central core, where the vast majority of the collapsed ordinary matter resides.    
130 Note that if one of the SHP groups was located at the center of the galaxy, ݔ ൌ ݕ ൌ ݖ ൌ 0, its maxima and minima would 
either disappear everywhere, or would exist anywhere,  as long as ݎ ൏ ௕ெ௠೛

గ
.  However, since both of the SHP groups are located 

at a distance ܣ from the center, their maxima and minima may be diminished close to the galactic center relative to the influence 
of the ordinary matter. 
131 These areas appear white since the spatial oscillations became extremely dense to the point of overwhelming the display 
resolution, and were simply averaged out by the graphical program used. 
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Figure 6-7: Depicts a two dimensional contour map of the same galaxy provided in figures 6-6a and 6-6b, where the brighter 
colors denote lower potential energy of the test object.   
 

 
Figure 6-8: The same galaxy displayed in figure 6-7 is shown in higher resolution, where the locations of the SHP groups are 
indicated in white and the approximate area of the galactic bar is indicated in red.  Note that a majority of the stars are produced 
in the general area of the tips of the bar, as the immediate areas surrounding the SHP groups are fragmented into many isolated 
clouds that may be too small to collapse.  
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Figure 6-9a: Displays a two dimensional contour map of a similar galaxy with a reduced mass of ordinary matter, using the 
parameters ߁ ൌ ܣ ,1 ൌ ெܰ ,ܿ݌݇ 1.8 ൌ 1, ܰ௠೛ ൌ ݒ ,1 ൌ 0.75ܿ and ீܯ ൌ 6 כ 10ଷ଺ ݇݃.  Brighter colors denote lower potential 
energy of the test object.  As can be seen, the SHP groups located within the area indicated by the bright arcs and are located near 
the tips of the bar and create an “interference” pattern of bright (minima) and dark (maxima) elliptical or arc regions.  As the SHP 
groups and their resultant zonal patterns rotate, matter accumulates in the vicinity of the minima, thereby creating dense 
molecular clouds that collapse and create stars.  Filaments occur in the long bright arcs near the central bulge.  Note the pattern of 
a bar within a wider set of rings at the center of the figure.  
 
 

 
Figure 6-9b:  Provides the same galaxy as figure 6-9a displayed in a higher spatial resolution. 
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Figure 6-9c:  Further increasing the resolution to concentrate on the central bulge displays a central bright area containing the 
rotating core of the galaxy (which may possibly be a black hole).  The increase in the size of the stars as they approach the central 
core is apparent. 
 
 
As aforementioned, with the exception of the region surrounding the central core at ݎ ا  ,ܿ݌݇ 0.1
the minima are contained within the brightest areas of the figure. The geometry of the bright 
areas can be divided into elliptical regions, circular regions and arcs.  The arc formations bear a 
strong resemblance to the patterns of observed filaments.  All three geometrical patterns indicate 
regions that may either collapse into a star or produce dense molecular clouds or nebulae.  The 
mass of a star can be expected to grow with the size of the area enclosed within the vicinity of its 
potential energy minimum.  A filament is likely to be created in areas containing long continuous 
bright arcs.132  As previously discussed, the bright segments, or arcs, reduce in size and increase 
in number with increasing proximity to either one of the SHP groups.  The existence of long arc 
regions may explain phenomena such as the filaments observed within galaxies and nebulae, as 
well as molecular clouds.  Note that certain parallel sets of (bright) filaments resemble the 
structure of the Pillars of Creation of the Orion Nebula shown in figure 6-10.  Also worth 
mentioning is the approximately circular string of about 6 to 8 large stars produced at distances 
of about 0.2 ݇ܿ݌ to 0.8 ݇ܿ݌ from the center of the galaxy.    
 In general, three types of rings are often observed in barred galaxies: nuclear rings, with 
radii of about 100 ܿ݌, elliptical inner rings of few kiloparsecs in diameter, which align and 
connect with the central bar, and outer rings, with radii of approximately 1.7 to 2.2 times the 
radius of the  inner ring.  It has been suggested to identify the nuclear rings with the inner 
                                                 
132 Note that while some of the segments displayed in the figures form genuine arcs, some of the longer, apparently continuous 
bright areas in the vicinity of the SHP groups are not actually continuous, but instead contain large numbers of distinct circular 
regions and arcs that are too small to appear separated.  Zooming the display can help distinguish between the two possibilities 
(for example, compare figures 6-7, 6-8, 6-9a, 6-9b and 6-9c). 
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Lindblad resonance, the outer rings with the outer Lindblad resonance, and the inner rings with 
either the corotation resonance or with higher orders of the inner Lindblad resonances.  However, 
observational data has not yet confirmed these claims.  Note that figures 6-7, 6-8, and 6-9a to 6-
9c provide rings that fit beautifully with these observations.  However, in the calculated images, 
each of the three classes of rings includes several nearly concentric rings at very close proximity 
to each other. 
 

 
Figure 6-10: Pillars of Creation in the Eagle Nebula. Image credit: ESA/NASA; http://hubblesite.org/gallery/album/pr1995044a. 
 

Interestingly, looking further into the center of the modeled galaxy, figure 6-11a provides 
a calculated image that resembles characteristics demonstrated by the central region of the Milky 
Way, provided in figure 6-11b, where Sagittarius A is likely to be the central rotating core.    
 Figure 6-11a: Calculated                                    Figure 6-11b   
  

     
Figure 6-11: Zooming further into the center of the model galaxy (calculated in figure 6-11a) provides an image that resembles 
the characteristic demonstrated by the radio image of the central region of the Milky Way Galaxy depicted in figure 6-11b.  The 
circular structure on the bottom of the right image may possibly indicate either a supernova remnant, or a ring around a 
superheavy particle group in orbit around Sagittarius A.  
Image credit for figure 6-11b: N.E. Kassim et al., Naval Research Laboratory, NRAO/AUI/NSF; 
http://www.nrao.edu/pr/2005/newsource/. 
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  Chapter VII: The Effect of UG Theory on Cosmology 

Modern cosmology relies on the Freidman-Lemaitre-Robertson-Walker (FLRW) metric.  
The FLRW metric is an exact solution of Einstein’s field equations of general relativity under the 
assumption of a simply connected, homogeneous, isotropic expanding or contracting universe. 
The Freidman-Lemaitre-Robertson-Walker model serves as a first approximation for the 
evolution of the universe, however additional models have been added to provide for the 
deviation of the observed universe from homogeneity and isotropy.  In order to understand the 
impact that the UG theory may have on cosmology, it is essential to first understand to what 
extent the UG theory is compatible with the general theory of relativity.  

 

Section VII-1:   The General Theory of Relativity and Unified Gravitation 
 

For most engineering and scientific applications, the quantitative differences between 
Newton’s theory of gravitation and Einstein’s relativistic theories are insignificant.  Special 
relativity and general relativity become important when velocities within the system of interest 
approach the speed of light, or in environments of high matter densities such as collapsed stars, 
neutron stars or black holes, or for analyzing systems of cosmological proportions. 

Whereas Newton’s potential energy equation is given by ேܸ  ൌ െ ீ௠ெ
௥

, the UG potential 
energy is described by 

ܸீ  ൌ െ
ܯ݉ܩ
ܽ  ൬݁௔ ௥⁄ ݏ݋ܿ ൬

ܯܾ݉
ݎ ൰ െ 1൰ 

In contrast to Newtonian gravitation, the UG potential energy is a non-linear function of 
the mass of the fundamental test particle.  Following equation 2-1-5, the acceleration of a non-
relativistic test particle of mass ݉ interacting with a particle of mass ܯ at rest at the origin of the 

frame of reference is given by aሬԦ ൌ ீெ௘ೌ ೝ⁄

௥మ
൬ܿݏ݋ ቀ௕௠ெ

௥
ቁ െ ௕௠ெ

௔
݊݅ݏ ቀ௕௠ெ

௥
ቁ൰  instead of the ,ݎ̂

Newtonian  aሬԦ ൌ ீெ
௥మ
 Therefore, within the potential energy oscillation zone at distances of the   .ݎ̂

order of ݎ ع ܯܾ݉ ⁄ߨ  or ݎ ع ሺܾ݉ܯሻଶ ܽ⁄ , the trajectory and acceleration of a free falling test 
particle becomes dependent on its mass.133  However, at distances ݎ ب ݎ ,ܽ ب ܯܾ݉ ⁄ߨ  and 
ݎ ب ሺܾ݉ܯሻଶ/ܽ, the acceleration of the test particle approaches the Newtonian acceleration of  
ீெ
௥మ

, and becomes virtually independent of its mass ݉. 
As the special theory of relativity is restricted to systems with relatively negligible 

gravitation, the deviation of the UG theory from Newton’s theory of gravitation does not pose 
any additional conflict that has not already been expressed by the Newtonian theory.  However, 
the general theory of relativity is based on Einstein’s equivalence principle, stating that the 
trajectory of a free falling test particle depends only on its initial position and velocity, and is 
independent of its composition (and therefore independent of its mass).  Consequently, at short 

                                                 
133 A free falling object is an object that is influenced exclusively by the gravitational force.  
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distances such as ݎ ع ܯܾ݉ ⁄ߨ  and ݎ ع ሺܾ݉ܯሻଶ/ܽ, the UG theory is possibly at odds with 
general relativity. 

Regardless of whether or not the UG theory is correct, the viability of the principle of 
equivalence and general relativity at short distances (under 10ି଺ ݉) is arguable.  In general 
relativity the applicability of the equivalence principle is restricted to distance scales where the 
gravitational field is uniform (with negligible tidal forces).  Therefore, the equivalence principle 
cannot be applied at short distances, where the Newtonian forces may change drastically with 
any small deviation in the distance ݎ.  In addition, quantum effects become substantial at 
distances ݎ ൏ 10ିଵ଴ ݉.  Despite decades of enormous effort, the consolidation of general 
relativity with quantum mechanics has yet to succeed, raising further doubt about the viability of 
the equivalence principle at extremely short distances.  Furthermore, according to the standard 
model, the strong interaction and the weak interaction are highly dependent on particle masses, 
and become dominant at distances of approximately ݎ ൏ 10ିଵହ ݉.  The exact equations of the 
strong and the weak forces within the standard model are unknown, however they are not likely 
to be linear with the mass of the test particle.  Therefore, the equivalence principle may not be 
applied on such small scales, regardless of the validity of the UG theory.  

It is important to determine when and where the UG equations substantially deviate from 
general relativity.  According to equation 2-1-5 of the UG theory, the acceleration rates of free 
falling protons, neutrons and electrons are not identical when they gravitationally interact with 

ordinary matter at distances less than or of the order of  ሺ௕௠೙ሻమ

௔
.  Therefore, in theory, within this 

range of distances, a free falling frame is not necessarily an inertial frame, as different free 
falling particles or objects within the same frame may demonstrate different rates of acceleration.   

However, at interaction distances of ݎ ب ൫௕௠೙
మ൯మ

௔
ൎ 1.1 כ 10ି଺ ݉ (where ݎ ب ܾ݉௡

ଶ ൎ

2.5 כ 10ିଵ଴ ݉ and ݎ ب ܽ, thus ݁௔ ௥⁄ ൌ 1), the gravitational force applied on a free falling 
ordinary particle is virtually Newtonian, and its acceleration is therefore independent of its mass.  
Consequently, in a UG world composed entirely of protons electrons and neutrons (as well as 
their anti-particles) the general theory of relativity provides a good approximation at distances of 

ݎ ب ൫௕௠೙
మ൯మ

௔
ൎ 1.1 כ 10ି଺ ݉.  Consequently, in environments where ordinary matter interactions 

are dominant and the influence of superheavy particles can be regarded as negligible, the 
predictions made by general relativity, such as gravitational redshift (or blueshift), gravitational 
time dilation, the deflection of light by gravity (as in gravitational lensing) and the relativistic 
precession of apsides, hold true and are compatible with the UG theory.   

According to the fourth UG postulate, however, massive superheavy particles are 
produced in environments of extremely high matter density, such as in the vicinity of collapsed 
stars, neutron stars or non-singular black holes.134  When a test particle of mass ݉ (or an object 
composed of particles of mass ݉) interacts with a massive SHP of mass ܯ, the non-linear 
distance range of the UG force, where the cosine and the sine terms of equation 2-1-5 
                                                 
134 The UG theory prevents the possibility of singularity (see section VII-2). 
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demonstrate oscillations, increases with the product of the two particles’ masses ݉ܯ.  Therefore, 

if extremely large superheavy particles exist at the core of a planet (where the term  ௕௠೛ெ
గ

  is of 

the order of tens or hundreds of thousands of kilometers) or at the core of a galaxy (where ௕௠೛ெ
గ

 
is of the order of tens of kiloparsecs),135 the gravitational oscillations create minimum points, 
arcs or contours.  For the case of ݉ ൌ ݉௣, ordinary matter (such as the molecules or atoms of an 
object orbiting a planet, or of galactic interstellar gas) accumulates at the minima, and may create 
rings or spirals.  As the UG oscillations are non-linear functions of the mass of the fundamental 
test particles, the isolated electrons, protons or superheavy particles may demonstrate 
substantially different rates of gravitational acceleration on large distance scales.  Consequently, 
a free falling frame, and the free falling objects or particles within the frame, may not accelerate 
at the same rate, and cannot be assumed to follow the geodesics of curved spacetime geometry.  
Therefore, in regions of spacetime where rings and spirals are formed, the UG theory 
demonstrates greater deviation from the predictions of the general theory of relativity.  
Discrepancies between the results of the UG theory and general relativity, however, are 
relatively small in subsystems influenced by external SHPs when the subsystems are too mild to 
generate or sustain SHPs of their own, and their ordinary matter is almost exclusively arranged in 
the form of neutral atoms, molecules or more complex objects.  In such a case, where all of the 
matter within a local free falling frame is composed exclusively of atoms and molecules of 
ordinary matter that interact with a strong external SHP, each atom or molecule accelerates as a 
rigid object.  Therefore, all of the free falling objects within the local frame accelerate at the 
same rate as the frame itself (note that the mass of a neutron is almost equal to the mass of a 
proton, and the mass of the electrons bonded to the nucleus of the atom is almost negligible 
relative to the masses of the nucleons.  The effect of the bonded electrons on the object’s 
acceleration can therefore be neglected, and the effect of a neutron on the overall acceleration of 
the object is nearly identical to that of a proton. 136  Consequently, the acceleration of the free 
falling objects is very close to the acceleration rate of a free proton).  Therefore, the equivalence 
principle is valid as long as the frame is sufficiently small to ensure that no significant tidal 
forces exist within its limits, and as long as the number of free electrons or positrons within the 
frame is negligible.  When a significant number of free electrons or positrons exist within the 
local frame, their rate of acceleration according to the UG theory may vary from the acceleration 
of the protons, atoms and molecules within the frame,137 as well as from the acceleration of the 
free falling frame.138  Consequently, the equivalence principle is violated, and the frame does not 
constitute an inertial frame. The same is true for cases where a significant portion of the free 
falling objects within the given local frame are composed of massive SHP types as well.  
 

                                                 
135 One parsec (ܿ݌) is equal to about  3.086 כ 10ଵ଺ ݉, and 1 ݇ܿ݌ ൌ 3.086 כ 10ଵଽ ݉ 
136 For further information, see Chapter VIII. 
137 In general relativity the term ‘local frame’ refers to a conceptual set of standardized clocks and measuring rods, which are also 
subjected to acceleration by the local gravitational field.  
138 This may be the case for galactic jets, pulsars or any plasma. 
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Section VII-2:   Unified Gravitation and Black Holes 
 
In the previous section it was demonstrated that in a world composed exclusively of 

ordinary matter, the UG theory would not demonstrate significant deviation from general 
relativity at distances greater than 10ିହ ݉.  In such a scenario, the concept of a black hole event 
horizon, where neither a particle nor light can escape once trapped below the horizon, is 
supported by the UG theory.139  It is important to note, however, that the UG theory rules out the 
concept of a black hole as a singularity. The fact that the UG potential energy equation oscillates 
between sets of maxima and minima, with a potential energy that approaches positive and 
negative infinities as ݎ ՜ 0, requires an infinite amount of energy to physically combine two 
massive particles.  Therefore, matter cannot collapse into singularity.  Furthermore, in a universe 
containing a significant amount of superheavy particles, the UG theory provides a mechanism by 
which matter trapped within the event horizon of a black hole can eventually escape.  As the 
matter within a black hole collapses toward its center, the pressure and temperature at the core 
become extremely high, to the point where sufficiently large superheavy particles may be 
created, generating their own repulsive zones.  In cases where the SHP mass becomes 
sufficiently large, the oscillation range between the newly generated superheavy particles and 
ordinary matter matches or exceeds the radius of the black hole event horizon prior to the SHP 
creation.  With a sufficiently high quantity of superheavy particles, the repulsive force between 
SHPs and ordinary matter may overcome the strong attractive forces exerted by the black hole’s 
ordinary matter on matter located close to the former event horizon, making it possible for matter 
to escape.    

 
Section VII-3: The Effect of Unified Gravitation on Cosmology - The Big Bang and the 
Expansion of the Universe 
 
Hubble’s discovery that the universe is not static, but expanding, led to the development of the 
Big Bang cosmological model, which attributes the beginning of our universe to an explosion 
from a very dense point singularity at about 14.5 billion years ago. The recent discovery that the 
universe is expanding at an accelerated rate forced the reintroduction of the cosmological 
constant, which was initially introduced into general relativity by Einstein in order to maintain a 
static universe, and later retracted in response to Hubble’s discovery of the expansion of the 
universe.  Throughout its development, the Big Bang model encountered significant problems, a 
few of which were addressed in the introductory chapter of this book.  

An entirely different approach may be taken via the UG theory.  The UG interaction 
between two particles has been demonstrated to produce zones of attraction and zones of 
repulsion.  The UG repulsive force will be shown to account for the creation of large voids and 

                                                 
139 This is true for any massive object composed exclusively of ordinary matter. 
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to explain the strong rejection between galactic entities,140 which drives galaxies to recede away 
from each other on large distance scales and leads to the observed continuous, even accelerated 
expansion of the universe. The interplay between repulsive and attractive zones will be shown to 
account for the creation of galaxies, as well as for the creation of galactic groups, clusters and 
superclusters.  Expansion due to repulsive forces, rather than due to an expansion of spacetime  
and subsequent inflation, may provide for a substantially simpler cosmological model, which 
avoids the paradoxes and inconsistencies inherent in the current Big Bang theory.  

 
Section VII-4:  Galactic Lock Out 

 
As a first step, the UG theory will be shown to predict that sufficiently large and 

abundant superheavy particles within a galaxy may create a gravitational barrier that rejects, and 
therefore prevents most of the external ordinary matter from penetrating the galactic disk.141 In 
other words, the galaxy will become “locked,” and its growth halted.  Consider, for example, an 
ordinary drifting object (or test particle) approaching a galaxy from infinity with a potential plus 
kinetic energy of close to zero.142  Initially, the object is located far beyond the maximal zonal 
range of the galactic SHPs and is thus gravitationally attracted by the galaxy’s ordinary matter.143 
As it accelerates towards the galaxy, however, the object may reach a distance where it is 
simultaneously attracted by the galaxy’s ordinary matter and conversely repelled by the galactic 
superheavy particles.  Following equation 4-1-1, the object’s potential energy is given by 
Equation 7-1 

ܸ ൌ െ
ଵܰெభ݉௣ܰ௠೛ܯܩ

ܽ ቆ݁௔/௥ܿݏ݋  ቆ
ଵ݉௣ܯܾ

ݎ ቇ െ 1ቇ െ
௣ܰ௠೛݉ீܯܩ

ݎ  

 
and the force applied on the object is given by 
Equation 7-2 
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Note that in order to concentrate on the essential factors, the above equations are based on a 
hypothetical scenario of a simple galaxy containing a single SHP group (߁ ൌ 0ሻ  orbiting the 
center of the galaxy in a circular orbit of radius ܣଵ ا  at a non-relativistic and constant velocity ݎ
(therefore, ̀ܦ௦భ of equation 4-1-1 is equal to ߛ ,ݎ ൌ 1, and equation 4-1-1a converges toward 
equation 7-1).  The vast portion of the galaxy’s ordinary matter is assumed to be distributed 
symmetrically around the center of the galaxy within a sphere of radius R, where ܽ ا ܴ ا   .ݎ
To further simplify the current discussion, the influence of other external bodies is assumed to be 

                                                 
140 The term “galactic entity” refers to either a single galaxy, or to a galactic group (containing 2 to 50 galaxies), galactic clusters 
(containing 50 to 1000 galaxies), or galactic superclusters (containing more than 1000 galaxies).  
141 The same mechanism should exist in stellar systems, and may also exist in planets 
142 A “drifting” particle describes a particle with a total potential plus kinetic energy of close to 0 that begins its approach toward 
the galaxy from a very large distance with a negligible amount of kinetic energy. 
143 At distances exceeding the zonal range of the superheavy particles with ordinary matter, the UG contribution of the SHPs is 
negligible compared with the contribution of the galaxy’s ordinary matter. 
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negligible, and the effect of the rotation of both the galaxy and its SHP groups on the overall 
energy of the orbiting object is assumed to be relatively small. 

Figures 7-1a and 7-1b display the overall potential energy (via equation 7-1) of an 
approaching single-particle object of mass ݉௣, as a function of its distance from the center of a 
galaxy containing a single SHP of mass ܯଵ ൌ 3.2 כ 10ସ ݇݃, and ordinary matter of a total mass 
of ீܯ ൌ 2 כ 10ଷ଼ ݇݃.144  The overall gravitational potential energy of the approaching particle 
due to contributions of the SHP and ordinary matter is indicated in violet.  For comparison, the 
exclusive contribution of the galaxy’s ordinary matter is displayed in blue.  Note that in this 
example, a drifting particle of zero energy cannot come closer than a distance of about 1.05 ܿ݌ܯ 
from the center of the galaxy (see figure 7-1b).  Consequently, the galaxy essentially becomes 
locked to an inflow of ordinary matter, forbidding the entrance of any external ordinary particle 
of mass ݉௣ approaching with a potential plus kinetic energy below the ݊ ൌ 1 maximum of 
௣ܧ ൅ ௞ܧ ع 1.18 כ 10ିଵ଼ ܬ.  In addition, no circular orbit can exist between 51 ݇ܿ݌ ൏ ݎ ൏
 as within this range of distance both the overall gravitational force and the centrifugal ,ܿ݌ܯ 2.11
force acting on the particle point outward, and thus cannot cancel each other out.145 

  

 
Figure 7-1a: The blue curve in this figure displays the overall potential energy (derived via equation 7-1) of an approaching 
single-particle object of mass ݉௣ as a function of its distance from the center of a galaxy containing a spherically symmetric 
distribution of ordinary matter of a total mass of ீܯ ൌ 2 כ 10ଷ଼ ݇݃.  The addition of a single non-relativistic SHP of mass  
ଵܯ ൌ 3.2 כ 10ସ ݇݃  near the center of the galaxy is shown to elevate the potential energy of the approaching particle (indicated in 
violet) and creates a barrier at ݎଵ ൎ ܸ  of ܿ݌݇ 51 ൌ 1.11 כ 10ିଵ଼ ܬ that keeps out all approaching particles of mass ݉௣ with an 
overall potential plus kinetic energy of less than ܸ.  Within the resultant forbidden zone starting at ݎଵ, a particle of mass ݉௣ 
cannot be confined in orbit.  The minima below 30 ݇ܿ݌ provide the locations of galactic rings, where the collapse of these rings 
results in the production of stars. 

 

                                                 
144 In terms of the more general equation 4-1-1a, the parameters used are ߁ ൌ ଵܯ ,0 ൌ 3.2 כ 10ସ ݇݃, ܣଵ ൎ ଵݒ ,0 ൎ 0, ܰெ ൌ 1, 
 ܰ௠೛ ൌ 1 and ீܯ ൌ 2 כ 10ଷ଼ ݇݃.  
145 A forbidden zone is defined as a spherically symmetric volume of space around the center of a galaxy in which the orbit of an 
object composed exclusively of ordinary matter cannot be completely confined.   
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Figure 7-1b: The potential energy is displayed over a distance range 100 times greater.  An external particle of mass ݉௣ with an 
overall energy of ܧ ൎ 0 ݁v would be stopped by the SHP-generated barrier at about 1,050 ݇ܿ݌ (or 1.05 ܿ݌ܯ).  The forbidden 
zone is demonstrated to extend all the way out to 2.11 ܿ݌ܯ.  As the distance between the approaching particle and the center of 
the galaxy increases beyond ݎ ൌ  ,the relative contribution of the SHP to the potential energy of the test object declines ,ܿ݌ܯ 2.11
and the particle’s potential energy converges toward the Newtonian curve (in blue). 
 

 
Figure 7-1c: Provides the force associated with the potential energy of the approaching particle using the same parameters as 
figures 7-1a, 7-1b and equation 7-2.  Note the repulsive force above 51 ݇ܿ݌. 
 

ܰ 

ܿ݌݇
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Figure 7-1d: The height of the barrier reduces as the total mass of the galaxy’s ordinary matter (within the barrier boundaries) 
increases and/or as the number and mass of the dominant superheavy particles are reduced.  A drifting particle of mass ݉௣ with a 
potential plus kinetic energy of about zero electron volts is nearly prevented from entering the galaxy disk when the maximum 
potential energy is at ܸ ൌ 0.  Such a case is demonstrated in this figure for a galaxy of overall ordinary mass (within the barrier 
boundaries ) of 1.97 כ 10ଷଽ ݇݃ and when a single SHP of mass ܯଵ ൌ 3.2 כ 10ସ ݇݃ is located in the vicinity of the galactic 
center.  

 
In general, the galaxy will begin to lock out ordinary matter when 

ܸ ൌ െ
ீெభேಾభ௠೛ே೘೛

௔
ቀ݁௔/௥ܿݏ݋  ቀ௕ெభ௠೛

௥
ቁ െ 1ቁ െ

ீெಸ௠೛ே೘೛

௥
൐ 0, or, as ݁௔/௥ ൌ 1, when 

ீܯ ൏
ெభேಾభ௥

௔
൬1 െ  ݏ݋ܿ ቀ௕ெభ௠೛

௥
ቁ൰. 

 
Substituting the approximate location of the maximum contour of the barrier at ݎ ൎ ଵ݉௣ܯܾ ⁄ߨ  
will provide    

ீܯ ൏
ଵܯ2ܾ

ଶܰெభ݉௣

ܽߨ ൎ 1.72 כ 10ଷଽ ݇݃ 

 
where the parameter values used were ܯଵ ൌ 3.2 כ 10ସ ݇݃ and ܰெభ ൌ 1.  A detailed graphical 
analysis is displayed in figure 7-1d, providing the mass ீܯ ൎ 1.97 כ 10ଷଽ ݇݃ as the galaxy’s 
maximum amount of ordinary mass with which the galaxy is still locked to drifting objects 
composed of ordinary matter. 
 
Section VII-5: The Construction of a Barrier, the Effect of a Barrier on the Fragmentation 
of a Collapsing Cloud and the Creation of a Series of Distinct Galactic Entities  
 

According to current theory, the stages of star formation and the final state of a star are 
thought to depend on its overall mass.  A star of a mass greater than eight solar masses must pass 
through successive stages of hydrogen, helium, carbon, neon, oxygen, and silicon fusion at its 
center.  With the passing of each stage, the stellar core becomes increasingly hot and dense.  The 

  ݏ݈݁ݑ݋ܬ

ܿ݌݇
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evolution of stars is regarded as a long sequence of contractions, starting with the initial collapse 
of a molecular cloud, which is then halted by hydrogen burning, and ending with the formation 
of a neutron star or black hole.  The contraction process pauses several times, as nuclear fusion 
provides the energy required to replenish the energy lost to radiation and neutrinos, as well as the 
outward pressure needed to balance the inward pull of the gravitational force.  Upon the 
exhaustion of one type of fuel, the star contracts, heats up and burns the next higher element, 
usually created at a previous stage.  Eventually, a core of iron-group elements is produced.  Since 
no further energy-per-nucleon generating process is available, nuclear fusion is halted and the 
star is held by the pressure created by electron degeneration.  As the amount of energy loss 
increases, the electrons combine into the iron-group nuclei, raising their neutron number.  The 
energy of the stellar core again reduces to a level where it can no longer balance the inward 
gravitational forces, and the iron core collapses (at a rate of about a quarter of the speed of light) 
from approximately the size of the Earth to about 30 ݇݉ in radius, creating a proto-neutron star.  
The collapse is halted by the short-range repulsive nuclear interactions.  Note that according to 
the UG theory, short-range nuclear interactions are driven by repulsive zones of the UG 
gravitational equation 2-1-1 at distances of ݎ د ܽ. 

Just before the initial stage of stellar or galactic formation, when the Brownian pressure 
created by the gas particles can no longer balance the gravitational force and the collapse of a gas 
cloud is set in motion, there are no central superheavy particles of substantial mass, and the 
potential energy curve of a test particle of mass ݉௣ resembles the Newtonian potential energy 
(displayed by the blue curve in figures 7-1a and 7-1b).  As the density of matter, the temperature 
and the pressure within the core of the collapsed star or galaxy increase substantially following 
each stage of collapse, the prevalence and the mass of the largest SHPs increase substantially, in 
accordance with postulate IV.  With the production of more massive SHPs, the resultant potential 
energy of the object (presented by the violet curve) begins to increase and to depart from the 
Newtonian curve.  Eventually, as long as the initial cloud is sufficiently massive, the pressure 
and temperature at its core will build up to high levels, where the production of superheavy 
particles yields an adequate number ܰெభ and mass ܯଵ of a dominant SHP type to form a barrier 
that is capable of deflecting inward-drifting matter, thereby preventing the matter from 

penetrating the galactic disk.  This will occur when  
ଶ௕ெభ

మேಾభ௠೛

గ௔ெಸ
൐ 1 (see figures 7-1a and 7-1b).  

Since the transition to substantially larger SHPs takes place during a sudden and relatively short 
period of collapse, the rise of the barrier is almost instantaneous.  As the barrier emerges, the 
slope of the potential energy, located between the newly formed ݊ ൌ 1 outer maximum contour 
and the adjacent external minimum (at approximately 51 ݇ܿ݌ and 2.11 ܿ݌ܯ respectively in 
figures 7-1a to 7-1c) becomes negative.  Consequently, gas and other ordinary matter objects 
orbiting within this distance range are suddenly subjected to a strong repulsive force and ejected 
outward in the direction of the external minimum.146  As the volume of matter within the given 

                                                 
146 For simplicity, it is assumed that the galaxy’s potential energy is dominated by a single group of SHPs and by its ordinary 
matter. Therefore the maximum associated with ݊ ൌ 1 is well-defined. 
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distance range is emptied out, a large void is formed.  At distances exceeding the outer 
minimum, the object’s potential energy curve converges toward its Newtonian curve, thereby 
attracting ordinary matter and allowing for a continuous inward flow of matter.  However, the 
vast majority of the inward flowing matter cannot penetrate the barrier and is instead deflected 
toward the outer minimum contour, where new centers of collapse may form, resulting in the 
fragmentation of the galactic entity into a series of sister galaxies. The same process is repeated 
again and again as the number of sister galaxies increases and the area covered by them expands 
outwards.  

  
Section VII-6: UG Repulsion and the Generation of Stellar Novae and Supernovae 
 

 A similar process may explain what initiates the sudden massive expanding shell of gas 
and the high levels of radiation generated by stellar novae and supernovae.  A sudden and drastic 
increase in the brilliance of a star is characteristic of a nova, where stellar explosion causes the 
star to become 10,000 to 100,000 times brighter than the Sun, and the cataclysmic supernova, 
where the exploding star can become billions of times as bright as the Sun before fading out of 
view.  At its maximum brightness, the exploded star of the supernova may outshine the entire 
galaxy.  Both novae and supernovae are characterized by a tremendous rapid brightening lasting 
few weeks, followed by slow dimming, and both show spectroscopically blueshifted emission 
lines, which imply that hot gases are blown outward.  It is yet unknown how the collapse of a 
dying star creates an explosion that generates a massive outflow of gas and matter.  

According to the fourth UG postulate, a significant increase in the temperature and 
pressure of a stellar core leads to the sudden creation of SHPs of significantly larger mass.  A 
large and abrupt increase in temperature and pressure occurs during the initial collapse of the 
molecular cloud when the star is born, or at various stages of the stellar life cycle described in 
section VII-5. The initial collapse of a star results in a significant increase in temperature and 
pressure within the central core, which may produce pairs of substantially massive superheavy 
particles and anti-particles. 147  

The birth of larger SHPs almost instantaneously elevates the potential energy curve, 
creating a barrier (for example, see the transition from the blue curve to the violet curve of 
figures 7-1a and b).  Following the discussion of the previous section, the newly formed barrier 
produces a sudden massive expanding shell of gas, which drives out the vast amount of ordinary 
matter previously located between the newly formed ݊ ൌ 1 maximum and the newly formed 
external minimum.  As the temperature in the collapsing core becomes sufficiently elevated, the 
collapse of the star is halted by the hydrogen burning process, producing higher temperatures and 
                                                 
147 The newly generated superheavy particles are ejected from the central core and accelerated to relatively high (relativistic) 
velocities according to the process described in Chapter III-3 (note that a similar mechanism may solve the long-standing puzzle 
of why the compact object remaining after a supernova explosion is given a velocity kick away from the core.  Observations over 
the last decade have shown that at birth neutron stars receive a large velocity kick of the order of a hundred to a thousand ݇݉/ݏ 
(Hoflich, Kumar & Wheeler, 2004).  Within the UG theory, the compact object may be a superheavy particle generated in or near the galactic 
central core, with sufficient kinetic energy to be ejected out of the central core together with ordinary matter trapped by the SHP 
zones. 
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increasing the outward pressure, thus balancing the inward gravitational force within the star.  
When its supply of hydrogen is nearly depleted, the collapse of the star is resumed.  Energy 
released during this second collapse allows for the production of even larger SHPs, as the 
temperature and pressure within the stellar core are increased.  Hence, the radius of the ݊ ൌ 1 
maximum contour, which is proportional to the dominant SHP of mass ܯଵ, and the radius of the 
adjacent external minimum, which is dependent on ܯଵܰெభ, are shifted outward, resulting in a 
significantly expanded barrier.  The new, extended barrier once again triggers a sudden massive 
expanding shell of gas. This process is repeated through the series of collapses.   

The creation of superheavy particles of greater mass produces a larger number of narrow 
minima within a shell contained between any two successive minima of the former dominant 
SHP type, resulting in an enormous number of local collapses toward the new set of minima.  
This process releases a vast amount of energy in the form of radiation, which together with the 
massive expanding shell of gas produced by the outer barrier, may explain the phenomenon of a 
nova or supernova.  

A star that has experienced several stages of novae or supernovae is likely to have 
exhausted a majority of its core hydrogen (and possibly other light elements) and to produce 
heavier elements.  Such a star is also likely to have already shed most of its outer layers via prior 
novae or supernovae or by its stellar wind (see section VI-2).  Therefore, in the later stages of a 
supernova, a star is likely to lack the spectral lines of the lightest elements, while demonstrating 
a higher abundance of heavier elements in its spectrum, which may explain the various 
classifications of supernovae. 

  
Section VII-7:  The Fragmentation of a Galactic Entity and the Creation of Galactic 
Substructures  
 

The creation of a series of distinct galactic entities by the collapse of a gas cloud was 
discussed in section VII-5.  In this section, the interplay between attractive and repulsive zones 
within any galactic entity of a size larger than a typical galaxy (typically of larger than 1 ܿ݌ܯሻ 
will be shown to provide a possible explanation for the fragmentation of a galactic entity into a 
group or a cluster of galaxies. 
 Assume, for example, that a specific galactic entity (the “parent entity”) produced by the 
collapse of a gas cloud is described by the same parameters used in figures 7-1a to 7-1c, with the 
exception of ܯଵ ൌ 10଺ ݇݃ and ீܯ ൌ 5 כ 10ସ଴ ݇݃, and adheres to the same set of assumptions.  
The series of maxima and minima of the potential energy curve of the parent entity is 
demonstrated in figures 7-2a and 7-2b.  As the density of matter in the vicinity of the minima 
becomes elevated, some of the minima develop into secondary centers of collapse, creating stars 
or smaller “offspring” galaxies, which generate sufficiently large SHPs of their own to produce a 
barrier.  The secondary stars or galaxies consequently become locked to external drifting matter, 
diverting nearby matter to collapse at neighboring local minima.148  As a result, a series of 

                                                 
148 Note that the locations of the minima are determined by both the parent entity and its offspring substructures.   
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interconnected stars, galaxies or even galactic groups, clusters or superclusters are created at the 
minima, thereby fragmenting the matter within the galactic entity into a series of substructures.  
Note that the offspring substructures are separated into groups, where each group occupies a 
different minimum contour produced by the superheavy particles of the parent entity, and their 
disk planes should subsequently be oriented tangentially to the respective minima of the galactic 
parent.   
 

 
 Figure 7-2a: Same as figure 7-1a, using higher values of ீܯ ൌ 5 כ 10ସ଴ ݇݃ and ܯଵ ൌ 10଺ ݇݃.  Rings collapse at the minima to 
produce galactic substructures. 
 

Figures 7-2b: Same as Figure 7-2a displayed on a larger distance scale.  The wide void (forbidden zone) which is shown to start 
at about 1.55 ܿ݌ܯ in Figure 7-2a is shown to extend all the way to 258 ܿ݌ܯ, where it starts to converge toward the ordinary 
matter Newtonian curve (in blue).  

 
Further note that in figure 7-2b the void around the center of the parent galaxy is nearly a perfect 
sphere with a radius of 258 ܿ݌ܯ.  However, in a more realistic scenario, where the space within 
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the void is additionally influenced by other galactic entities and the SHP groups move at 
relativistic speeds, the size and shape of the void become distorted.  Consequently, the void may 
contain few local minima at which some galactic entities may form, and its geometry does not 
demonstrate perfect spherical symmetry.  However, the average density of matter in the void is 
significantly reduced. 
 Finally, it is important to note that the process described above, by which a large galactic 
entity, or “parent” is broken into smaller “offspring” substructures, does not take into account the 
effect that the rotation of the large SHP groups may exert on the fragmentation of the parent 
structure. The process of star formation described in Chapters IV-1-2 and VI-4 may be extended 
to galactic groups, clusters and superclusters, to explain the fragmentation and distribution of 
galaxies within clusters. 
 
Section VII-8:  Gravitational Repulsion Between Galaxies 
 
 The rejection of ordinary matter by galaxies provides a mechanism by which galactic 
entities may repel each other at distances larger than the diameter of a supercluster.  Repulsion 
between two galaxies will be shown to persist over a large range of distances, starting at a 
slightly larger distance than the oscillation range of ordinary matter of mass ݉௣with the 
dominant superheavy particles.  The equation that describes the interaction between the two 
galaxies is given by 
Equation 7-3 
 

ܸ ൌ െ
ଶܰெమܯଵܰெభܯܩ

ܽ ൬݁௔/௥ܿݏ݋  ൬
ଶܯଵܯܾ

ݎ ൰ െ 1൰ െ
మீܯଵܰெభܯܩ

ܽ ቆ݁௔/௥ܿݏ݋  ቆ
ଵ݉௣ܯܾ

ݎ ቇ െ 1ቇ

െ
భீܯଶܰெమܯܩ

ܽ ቆ݁௔/௥ܿݏ݋  ቆ
ଶ݉௣ܯܾ

ݎ ቇ െ 1ቇ െ
మீܯభீܯܩ

ݎ  

where ܯଵ and ܯଶ denote the respective masses of the dominant SHP types of the two galaxies, 
 ܰெభ and ܰெమ provide the total number of these SHPs in the respective galaxies, and ீܯభ and 
 మ are the total mass of the ordinary matter within each of the galaxies.  Note that the radii ofீܯ

the two galactic disks (which are close to ௕ெభ௠೛ 

ଶగ
 and ௕ெమ௠೛ 

ଶగ
 respectively) are assumed to be 

small relative to the distance ݎ between their centers.  The contributions of additional SHP 
groups and of other heavenly objects are assumed to be negligible. 
  The potential energy of the gravitational interaction between two identical galactic 
entities using the same structure and parameters as the latest example (ܯଵ ൌ ଶܯ ൌ 10଺ ݇݃, 
ܰெభ ൌ ܰெమ ൌ 1 and ீܯభ ൌ మீܯ ൌ 5 כ 10ସ଴ ݇݃) is depicted in figures 7-3a and 7-3b.  The 
galaxies are shown to repel each other at distances stretching between ݎ غ  which is) ܿ݌ܯ 1.56
the zonal oscillation range between the dominant SHPs and ordinary matter of mass ݉௣, denoted 
as ݎ௠௢௥) and  ݎ ع  which is the distance between the center of the galaxies and their) ܿ݌ܩ 2.87
outermost potential energy minimum, denoted as ݎ௢௠௜௡).  In this example, the distance range of 
the repulsion between the galaxies is of the order of about one third of the estimated size of the 



 

169 
 

observable universe.  Note that the existence of roughly spherical voids around each galactic 
entity must create a network of non-randomly distributed galaxies that are positioned along two 
dimensional sheets that form the walls of bubble-shaped regions of space, in agreement with 
observations.  

As demonstrated in figure 7-3a, two isolated galaxies tend to cluster together when the 
distance separating them is less than the zonal oscillation range between their dominant 
superheavy particles and ordinary matter of mass ݉௣, denoted by ݎ௠௢௥, causing them to gravitate 
toward a local minimum.  When the distance separating the two galaxies lies between ݎ௠௢௥ and 
   .௢௠௜௡, the galaxies repel and accelerate away from each otherݎ

The different terms of the force equation can be derived by computing the gradient of 
equation 7-3, which can be shown to reduce proportionally to either ିݎଶ or to ିݎଷ within the 
range ݎ௠௢௥ ا ݎ ൏ ݎ ଶ at distancesିݎ ௢௠௜௡, and proportionally toݎ ൐  ௢௠௜௡, where the effect ofݎ
the SHP reduces significantly.  At distances greater than ݎ௢௠௜௡, the galaxies begin to attract each 
other and the UG equations converge toward the Newtonian interactions between the ordinary 
matter of the given galaxies.   

 
Figure 7-3a 

 
 

 ௠௢௥ݎ
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Figure 7-3b

Figure 7-3: The potential energy is displayed as a function of the intergalactic distance due to the exclusive interaction of 
ordinary matter (blue curve), or due to the interaction between ordinary matter and superheavy particles of two identical galaxies 
using the parameters ܯଵ ൌ ଶܯ ൌ 10଺ ݇݃, NMభ ൌ NMమ ൌ 1 and ீܯభ ൌ మீܯ ൌ 5 כ 10ସ଴ ݇݃ via equation 7-3.  At distances of 
ݎ ൏ ܿ݌݉ the galaxies are bonded, creating a group (a).  Between 1.56 ܿ݌݇ 800 ൏ ݎ ൏  the galaxies reject each other ܿ݌ܩ 2.847
(b). 
 
Consequently, the velocity with which the two galaxies recede from each other between ݎ௠௢௥ ا
ݎ ൏  ଶ, and the velocity of two galaxiesିݎ ௢௠௜௡ increases by an amount that is proportional toݎ
relative to each other converges quite rapidly to their maximum receding velocity at ݎ ൌ   .௢௠௜௡ݎ
As the galaxies drift apart beyond the relative distance ݎ ൌ  ௢௠௜௡, the velocity at which theyݎ
recede from each other is gradually reduced by the attractive force between them.  Whether the 
attractive force at ݎ ൐  ௢௠௜௡ is sufficiently strong to eventually stop their motion away from eachݎ
other depends on the value of their potential plus kinetic energy at ݎ ൌ  ௠௢௥.  A positive initialݎ
energy indicates that the galaxies will continue to recede to infinity, whereas a negative initial 
energy implies that their motion away from each other will eventually come to a halt and begin 
to accelerate in the reverse direction, back toward one another.  In the case of exactly zero 
energy, their receding will continue forever as the relative distance between the galaxies 
asymptotically approaches a maximum distance. 

 
Section VII-9:  The Expansion of the Universe  
 

According to observation, the universe is expanding at an accelerated rate.  Invoking the 
Copernican principle leads to the conclusion that the same isotropic expansion detected from 
Earth can be observed at the present time anywhere else in the universe.  In the following 
discussion, the average size of a galactic cluster is denoted as ԧത, the average distance between 
adjacent galactic clusters is denoted as ҧ݀ீ, and the average relative velocity of adjacent 
superclusters as they recede from each other is given by ݒҧீ, where due to the Copernican 
principle, ԧത, ҧ݀ீ and ݒҧீ can be shown to be the same everywhere in the universe.  Therefore, an 

 ௢௠௜௡ݎ
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observer located in single galactic supercluster views adjacent superclusters located at a distance 
of ҧ݀ீ as receding at an average velocity of ݒҧீ, superclusters located at a distance of 2 ҧ݀ீ as 
receding at an average velocity of 2ݒҧீ, and so on.  This leads to the conclusion that two distant 
galaxies should recede from each other at a speed proportional to the distance between them. 149 
150 151   

As shown in the previous section, two isolated galaxies tend to cluster together when the 
distance separating them is shorter than ݎ௠௢௥, to repel each other at distances between ݎ௠௢௥ and 
 ௢௠௜௡.  The velocity of a pair of galacticݎ ௢௠௜௡, or to attract each other at distances which exceedݎ
clusters as they recede from each other was shown to increase, and to asymptotically approach 
the value of their velocity at ݎ௢௠௜௡.  This may explain what causes the expansion of the universe.  
If the matter of the universe is contained within a sphere of radius ܴ௨௡௜௩, where ܴ௨௡௜௩ is of an 
order of less than or equal to the average ݎ௢௠௜௡, the universe must expand in a uniform manner at 
an accelerating speed that asymptotically approaches a constant expansion velocity.152 

The UG theory further provides a mechanism to explain the observed acceleration of the 
expansion of the universe.  As a substantial number of galactic cores enter into the next stage of 
collapse, significantly more massive SHPs are produced, thereby increasing the force with which 
the galactic entities repel each other. Invoking the cosmological principle, this process must 
occur everywhere in the universe at approximately the same time. Consequently, galaxies and 
galactic clusters are expected to repel each other with increasing force, escalating the expansion 
velocity of the universe.  

 
Section VII-10: Additional Comments about Unified Gravitation and the Big Bang Model  

 The UG theory does not contradict, but can actually support the model of a relatively 
small and dense universe that at some point in time began to expand.  However, there are two 
fundamental differences between the UG and the Big Bang expansions. 

1. While the expansion of the universe according to the Big Bang is assumed to have 
started in a state of singularity, the ݁௔ ௥⁄  term of the maxima of the UG equation 2-1-1 
prevents the pre-expansion UG universe from becoming a point singularity.153 
Consequently, the initial pre-expansion UG Universe is expected to have been 
relatively small, yet infinitely larger than a singularity, eliminating the problems that 
arise from the Big Bang assumption that just prior to the beginning of the expansion, 
the universe was in a state of infinite temperature and infinite density, in which all 
known theories of physics would break down.  

                                                 
149 Note that according to this statement, distant galaxies are expected to recede from each other at superluminal velocity.  
Superluminal velocities do not contradict the special theory of relativity in this case, as there is no global inertial system at which 
the velocity between the two galaxies can be measured. 
150 Note that the expansion of the universe, according to the current standard model of cosmology, is viewed as the expansion of 
the intervening space between galaxies, rather than as the expansion of galaxies into an empty space. 
151 In accordance with general relativity and the cosmological principle, there is nothing external to the whole system of matter in 
the universe. 
152 However, the speed of two given galactic clusters is likely to vary from the speed expected for the same clusters in isolation, 
as each one of them is affected by the entire mass of the universe, and not only by the other cluster.  
153 See the discussion of singularity in Chapter II and in section VII-2 of this chapter. 
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2. The expansion of the universe, according to the UG theory, is driven by the repulsive 
force between galactic entities, which results in an accelerated expansion as long as 
the universe did not grow sufficiently large for the distance between a majority of the 
entities to become larger than ݎ௢௠௜௡ of the dominant SHPs in the universe. 

These fundamental differences allow a UG-based cosmological model to avoid a number 
of problems presented by the Big Bang model.  In particular, the fact that unified gravitation 
provides for the possibility of an accelerated expansion of the universe allows for the amount of 
time elapsed since the start of the expansion to be significantly larger than 14.5 billion years, 
resolving a potential recurrence of the age dilemma.  As aforementioned, the initial size of the 
UG universe may have been extremely small, yet infinitely larger than a point singularity, and 
the universe may be substantially older than predicted by the Big Bang model.  Consequently, 
the different regions of the universe had significantly more time to interact than previously 
estimated, thus avoiding the horizon problem.  In addition, the UG model accounts for the 
observed tendency of matter within the universe to expand uniformly when viewed on large 
spatial scale, and to cluster when viewed on small spatial scale, therefore avoiding the problem 
of structure posed by the Big Bang theory.  Note that since the UG scenario provides for a 
massive expansion of an extremely small initial universe, the theory is also consistent with the 
discovery of an almost uniform cosmic microwave background and with the theory of Big Bang 
nucleosynthesis.  Finally, the expansion of the universe according to the UG theory is driven by 
the repulsive forces between massive SHPs and ordinary matter, rather than relying on the 
Freidman-Lemaitre-Robertson-Walker metric.  Thus, the requirement that the density of matter 
and energy in the universe be equal to a critical density (within one part in 10଺଴ according to the 
current Big Bang Theory) is eliminated, thereby avoiding the flatness problem.  Consequently, 
the UG model does not need to rely on the assumption that an inflation process occurred in the 
early stages of the universe expansion, nor does it require the presence of dark matter and dark 
energy, and may thus provide a significantly simpler and potentially more stable theory than the 
current cosmological model. 

It is further important to address what could have initiated the dramatic expansion of the 
universe.  The UG explanation may involve a process similar to the processes described earlier in 
this chapter for the formation and dynamics of galactic entities. Consider, for example, a 
universe initially composed of a uniform cloud of gas as it begins to collapse toward its center, 
toward creating a single high-density core.  As the production of sufficiently massive superheavy 
particles locks the galaxy disk to ordinary matter, excess matter is diverted to nearby secondary 
centers of collapse, generating a subset of galaxies.  As the process is repeated, the collapsing 
universe becomes filled with galactic clusters and superclusters.  Over time, the burning of 
hydrogen154 is depleted and a second collapse of the galactic core ensues, resulting in the 
generation of heavier SHP types.  At later stages of collapse, the production of sufficiently 
massive superheavy particles may create repulsion between clusters of galaxies, thus halting the 
                                                 
154 Recall that the hydrogen burning process is responsible for stopping the initial collapse and thereby prevents the galactic core 
from collapsing further. 
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collapse of the universe and initiating an expansion via the mechanisms described in sections 
VII-8 and VII-9.  Eventually, the distance between neighboring clusters will approach the 
average ݎ௢௠௜௡, and the effect of superheavy particles on the interaction between galactic clusters 
will become negligible.  Consequently, at this point, the universe is expected to once again 
become compatible with the general theory of relativity.  In cases where the amount of energy in 
the universe is insufficient to allow for continuous expansion, the universe may begin to contract.  
However, the existence of massive SHPs near the cores of galactic entities will prevent a full 
collapse, and the density of the universe may begin to oscillate around its average.  This may 
occur as long as the population of massive superheavy particles remains stable over time.  In 
case of significant decline in the SHP population, the universe will begin to collapse and the 
process described above will begin a new cycle.  

 
Section VII-11: The Galactic Halo and the Transition From a Spiral to an Elliptical Galaxy 
 

The rotation of a galaxy (as well as the rotation of its SHP groups) tends to confine stars 
and matter within its galactic disk.  As discussed, the size of the galactic disk is determined by 
the radius of the second minima ݎଶ and is given approximately by 
Equation 7-11-1 

ଶݎ  ൎ
௕ெభ௠೛ఊሺ௩ሻ

ଶగ
  

 
This equation can also be used to estimate the mass of the dominant SHP type.  Assuming that 
the average radius of a galactic disk of a spiral galaxy extends approximately to ݎଶ ൌ  and ܿ݌݇ 30
that ߛሺݒሻ ൌ 1 provides that ܯଵ ൎ

ଶగ௥మ
௕௠೛

ൌ 3.86 כ 10ସ ݇݃.  The same logic used in sections VII-4, 

5, and 8 for determining the repulsion between galaxies can be applied to stellar systems, leading 
to the conclusion that stars may repel each other at certain distances.  Hence, the number of stars 
that can be compressed into the galactic disk is limited.  Consequently, in a galaxy containing an 
excess number of stellar systems that cannot be compressed into the disk must assume orbits 
within the halo.  To quantify this statement, the maximum number of stars that may be contained 

within the galactic disk is of the order of  గ௥మ
మ

గோೌమ
 and the maximum quantity of stars contained in 

the halo is of the order of  
ర
యగ௥మ

య

ర
యగோೌ

య respectively, where ܴ௔ is the average shortest distance between 

neighboring stars (therefore, the average stellar repulsion distance).  In the case of a galaxy with 
ଶݎ ൌ and ܴ௔ ܿ݌݇ 30 ൌ  the approximate maximum number of stars within the galactic disk ,ܿ݌ 1
and halo are 9 כ 10଼ and 2.7 כ 10ଵଷ stars respectively.155  

                                                 
155 Note that an increase in ݎଶ, according to the UG theory, would provide more space for stars to form within the galactic disk.  
However, the value of ݎଶ ൎ

௕௠೛ெభ

ଶగ
 is determined by the mass of the dominant superheavy particles in the galactic center. 

Therefore, as the initial stellar quantity was substantially lower than గ௥మ
మ

గோೌమ
  (or  9 כ 10଼ in the current example), the rotation of the 
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  The size and mass of a galaxy is determined by the mass of its dominant superheavy 
particles.  Following the discussion of sections VII-4 and 5, the galaxy will eventually become 
locked to ordinary matter by the production of large SHPs, and the inflow of the gas which fuels 
the production of new stars will practically cease.  Over time, the supply of interstellar gas within 
the galaxy will become depleted, as interstellar gas is used for the production of new stars, or is 
ejected from the galaxy in the form of galactic wind (see section VI-2).  The resultant galaxy is 
expected to contain little or no cool interstellar gas or dust, and the majority of its stars are 
expected to reside within its halo. Furthermore, the galaxy is expected to appear to have no 
stellar disk, and as little or no new stars are produced, its stellar population is expected to consist 
of older stars.  These characteristics are widely observed in the elliptical classification of 
galaxies.  

Between the time that the galaxy becomes locked to ordinary matter and the depletion of 
its interstellar gas, a significant amount of matter, energy and angular momentum is lost in the 
form of galactic wind.  Consequently, the rotating core of the galaxy (which is the engine of the 
galaxy) and its source of energy also lose energy and momentum, as well as matter that is 
pumped out by the rotating spiral.  As a very limited amount of new gas enters the galaxy, the 
central core is deprived of additional fuel, and since its energy and momentum is reduced, the 
rate of rotation of the galactic core must slow down.156  As the central core loses some of its 
mass ܯ௖௘௡௧௥௔௟, and its rotation velocity reduces substantially ሺγଶሺݒሻ becomes closer to 1ሻ, the 
effect exerted on the velocity of the object by the SHP and the central core, which is proportional 

to ቆସீேೞெஓ
మሺ௩ሻ

௔
൅ ∆௖௘௡௧௥௔௟ܯܩ ቀ

ଵ
௥
ቁቇ

ଵ ଶ⁄

, decreases. 157  On the other hand, as the number of stars in 

the halo increases, and the mass and rotational velocity of the central core and the rotational 
velocity of the SHPs are reduced, the relative influence of nearby matter on the object increases.  
Consequently, the galaxy rotation curve may deviate substantially from constant velocity.  

  
Section VII-12: Elliptical Morphology and Properties of Elliptical Galaxies 
 

The elliptical shape of a galaxy is known not to correlate well with the rotation of the 
galaxy as a whole (Caroll & Ostlie, 2007, p. 988).  A possible reason for the elliptical shape of the galaxy 
is that relativistic SHP groups distort the otherwise circular equi-potential contours into elliptical 
ones, in which case the level of ellipticity depends mainly on the velocity of the SHP groups.  
For the simple case of a galaxy containing a single SHP type of mass ܯଵ, the axes of the ݊௧௛ 

minima are given by ܿݏ݋ ൬௕ெభ௠೛ఊሺ௩భሻ
஽భ,೙

൰ ൎ 1, or for the outermost substantial minimum, by 

ଵ,ଶܦ ൎ
௕ெభ௠೛ఊሺ௩భሻ

ଶగ
. 

                                                                                                                                                             
galaxy confined all stars located within the ݎଵ maximum contour to the galactic disk, while stars located beyond this maximum 
were ejected from the galaxy in the form of galactic wind (see section VI-2).   
156 Note that upon the occurrence of another stage of collapse, the rotation rate of the galactic core will increase substantially. 
157According to equation 6-5. 
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  The apparent major axis ߙ is given by ߙ ൌ ଵ,ଶܦ ൎ
௕ெభ௠೛ఊሺ௩భሻ

ଶగ
 (where the velocity of the 

SHP group at the time of emission is perpendicular to the distance between the location of the 
emission and the location of interception of the gravitational signal by the orbiting matter) and 

the apparent minor axis ߚ is given by ߚ ൌ ଵሻିଵݒሺߛଵ,ଶܦ ൎ
௕ெభ௠೛ఊሺ௩భሻ

ଶగ
 (where the given velocity 

and the distance are parallel).  Therefore, the observed ellipticity can be defined as ߳ ൌ 1 െ

ߚ ⁄ߙ ൎ 1 െ ஽భ,మ൫ఊሺ௩భሻ൯
షభ

஽భ,మ
ൌ 1 െ ൫ߛሺݒଵሻ൯

ିଵ
.  The largest ellipticity observed is approximately 

߳ ൌ 0.7, suggesting that ൫ߛሺݒଵሻ൯
ିଵ ൌ ሺ1 െ ሺݒଵ/ܿሻଶሻଵ ଶ⁄ غ 0.3, or ݒଵ ع 0.954ܿ.  Note that in the 

more realistic case of multiple SHP groups rotating on different rotational planes, the elliptical 
galaxy may be triaxial without a single preferred axis of rotation. 
 
Section VII-13: The Boxiness vs. Diskiness of Elliptical Galaxies 
 
Figure 7-4a: A calculated disky galaxy                            Figure 7-4b: A calculated boxy galaxy 

   
Figures 7-4a and 7-4b: A calculated disky galaxy (7-4a) drawn using ܣ ൌ  and a calculated boxy galaxy (7-4b) drawn ܿ݌݇ 0.1
using ܣ ൌ ߁ Both galaxies share the parameters  .ܿ݌݇ 0.001 ൌ ܯ ,1 ൌ 0.125 כ 10ହ, ܰெ ൌ ீܯ ,1 ൌ 2.5 כ 10ଷ଼ ݇݃ and ݒ ൌ
0.45ܿ.   
 

Ralf Bender, Jean-Luc Nieto and their collaborators proposed that many of the 
characteristics of elliptical galaxies are related to the degree of boxiness or diskiness that their 
isophotal surfaces demonstrate (Bender, 1992).  It remained unclear, however, why a small portion of 
elliptical galaxies present a boxy appearance, while a majority of elliptical galaxies are disky.  
Figure 7-4b (calculated via equation 4-1-1a) demonstrates that a galaxy may take on a boxier 
appearance when the distance ܣ is selected to be sufficiently small for a superheavy particle 
group moving at a relativistic velocity relative to the center of the galaxy.  With ݒ ൌ 0.45ܿ and 
ܣ ൌ  the isophotal surfaces in figure 7-4b demonstrate clear departure from elliptical ,ܿ݌݇ 0.001
morphology, particularly with increasing proximity to the galaxy center.  Increasing ܣ to 0.1 ݇ܿ݌ 
in figure 7-4a modifies the morphology of the galaxy into a more spherical, or disky 
morphology.   
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Chapter VIII:  Gravitational Ionization 
 
 Most of the observable universe consists of plasma, or partially ionized gas.  The 
processes of ionization and their sources of energy are regarded as one of the important open 
questions in astrophysics.  According to Newton’s theory, the gravitational force between a 
proton and an electron is weaker than the electromagnetic force between them by a factor of 
about 2 כ 10ଷଽ.  For this reason, the influence of gravitation on the atomic scale, specifically its 
ability to ionize an atom, is assumed to be non-existent.  Furthermore, according to Newtonian 
dynamics, the gravitational acceleration of a particle is independent of its mass, a belief that led 
to Einstein’s principle of equivalence.  Consequently, under Newton’s theory of gravitation and 
general relativity, free falling protons, electrons and neutrons are expected to accelerate at the 
exact same rate.  Therefore, the ionization of atoms is extremely unlikely to be caused by the 
gravitational force.158  Rather, current theories attribute ionization to either a thermal process or 
to strong electromagnetic fields.   
 However, massive ionization by the gravitational force alone is predicted and explained 
by the UG theory, even at distances of ݎ ب ܽ, where the exponent ݁௔ ௥⁄ ൌ 1.  According to 
equation 2-1-2, at distances of ܽ ا ݎ ൏ ௣݉ܯܾ ⁄ߨ , the UG gravitational force between a 
superheavy particle of mass ܯ and a nucleon of mass ݉௣ is greater than the equivalent 

Newtonian force by an order of  ௕ெ௠೛

௔
ൎ 2.64 כ 10ଷ଴ כ  and is thus capable of exceeding the ,ܯ

electromagnetic force between an electron and a proton, given a sufficiently large SHP mass. 159 
160  In addition, the acceleration of a proton by a superheavy particle of mass ܯ from a distance 

ݎ ൏ ௕ெ௠೛

గ
  is expected to vary from the acceleration of an electron from the same distance. 

 Consider the simpler case of a hydrogen atom Hଵଵ  encircling the center of a star or galaxy 
dominated by a single SHP type of mass M surrounded by ordinary matter.  To simplify the 
analysis, the velocity ݑሬԦ of the atom relative to the superheavy particle is assumed to be non-
relativistic.  The energy of the atom is thus given by 
 
 
 
 

                                                 
158 An exception to this statement is when extremely strong tidal forces exist.  For sufficiently strong tidal forces to occur over 
distances of the order of the diameter of an atom, the gradients of Newton’s gravitational force must be enormous.  Such 
gradients are theoretically possible within black holes.  However, in order to experience such enormous gravitational tidal forces 
in the general relativity scenario, the atom must cross the black hole event horizon.  In such a case, the ejected electrons must 
remain trapped within the black hole and cannot be detected by an outside observer, as even light cannot escape.  Therefore, this 
process cannot produce any observable ionization.  
159 This value was calculated using ܾ ൌ 0.9 כ 10ସସ,  ܽ ൌ 5.7 כ 10ିଵସ and ݉௣ ൌ 1.674 כ 10ିଶ଻. 
160 Following the non-relativistic force equation 2-1-2, ܨԦ ൌ

ீெேಾ௠೛ே೘೛

௥మ
൬ܿݏ݋ ቀ௕ெ௠೛

௥
ቁ െ ௕ெ௠೛

௔
݊݅ݏ ቀ௕ெ௠೛

௥
ቁ൰  the oscillation ,ݎ̂

amplitude of the cosine term is negligible relative to the amplitude of the term ௕ெ௠೛

௔
݊݅ݏ ቀ௕ெ௠೛

௥
ቁ.  Therefore, at the maxima the 

UG force becomes larger than the Newtonian force by a factor of ௕ெ௠೛

௔
. 
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Equation  8-1 

஺௧௢௠ܧ ൌ ൫݉௘ ൅ ݉௣൯ܿଶ െ
ெ݉௣ܰܯܩ

ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬
ܾ݉௣ܯ
ݎ ൰ െ 1൰ െ

ெ݉௘ܰܯܩ

ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬
ܾ݉௘ܯ
ݎ ൰ െ 1൰

൅
1
2 ൫݉௣ ൅݉௘൯ݑଶ൅ܧ௕௢௡ௗ െ

ሻ൫݉௣ݎሺீܯܩ ൅ ݉௘൯
ݎ  

 
where the atom is assumed to rotate in a circular orbit of radius ݎ around a group of ܰெ SHPs of 
particle mass ܯ concentrated in a small sphere of a radius that is negligible relative to ݎ.  The 
sphere of superheavy particles is assumed to be surrounded by a spherically symmetric 
distribution of ordinary matter of mass ீܯሺݎሻ.   The electron-proton bonding energy of a free 
atom ܧ௕௢௡ௗ must be negative, where at the ground state of the hydrogen atom, ܧ௕௢௡ௗ ൌ
െ13.6 ݁161.ݒ  Note that only the terms െீெேಾ௠೛

௔
ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ெ

௥
ቁ െ 1ቁ and 

െீெேಾ௠೐
௔

ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೐ெ
௥

ቁ െ 1ቁ in equation 8-1 are non-linear functions of the proton and 

electron masses, and are therefore the only terms capable of generating a differential force that 
can separate the electron from the proton to ionize the atom. 

The orbiting atom gravitates toward the potential energy minima generated by its 
interaction with the galactic superheavy particles and ordinary matter.  The magnitudes and 
locations of the zonal oscillation maxima and minima of both the proton and the electron due to 
the dominant ܰெ SHPs of mass ܯ can be derived via equations 2-1-1 and 2-1-42 respectively.  
Since the proton and the electron are independent particles of vastly different masses, their 
interactions with the superheavy particles generate distinct sets of potential energy minima.  As 
the zonal oscillation range of the SHP-proton pair is proportional to ܾ݉ܯ௣, and the zonal 
oscillation range of the SHP-electron pair is proportional to ܾ݉ܯ௘, the radius of the proton’s 
zonal oscillation range is about 1,836 times greater than that of the electron.  

The characteristics of the interaction between the atom and the central superheavy 
particles can be viewed at three different distance ranges.  At distances ݎ ൐  ௣, the UG݉ܯܾ
potential energy of the proton and the electron approach their Newtonian form, and the 
differential gravitational force (as well as the total gravitational force) applied on the proton and 
the electron is negligible relative to the electromagnetic force between them.  Therefore, the 
hydrogen atom remains intact.  

   At distances ௕ெ௠೐
గ

ا ݎ ൏ ௕ெ௠೛

గ
, the UG force applied on the electron is still Newtonian, 

and therefore negligible.  However, the protons (as well as neutrons) are within their zonal 
oscillation range with the SHPs and are attracted toward their nearest minimum ݎ௡೛.162  
Consequently, free protons, atoms, molecules and ions are drawn toward the nearest ݎ௡೛ 
minimum.  As the UG force applied on the electron at this range of distances is negligible, the 
electron will remain bonded to the proton by the electromagnetic force.  
                                                 
161 The ionization energies of the other energy states of the hydrogen atom, are roughly equal to 13.6 ݇ଶ⁄  where ݇ is an ,ݒ݁
integer greater than zero.    
162 For simplicity, the small difference between the mass of the proton and the neutron can be neglected. 
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 Note that since ݎ ب ܽ, the potential energy of the proton is given by  
െீெேಾ௠೛

௔
ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ெ

௥
ቁ െ 1ቁ ՜ െீெேಾ௠೛

௔
൬ቀ1 ൅ ௔

௥
ቁ ݏ݋ܿ ቀ௕௠೛ெ

௥
ቁ െ 1൰, and the minima occur where 

ݏ݋ܿ ൬௕௠೛ெ
௥೙೛

൰ ൎ 1.  At these minima the potential energy is approximately െீெேಾ௠೛

௥೙೛
, which is 

equal to Newton’s gravitational potential energy.  Consequently, the atoms will assume circular 
Newtonian orbits.  However, in contrast to Newton’s theory, only a discreet (or quantized) set of 
orbits at close proximity to the minima are allowed. 
   At distances ܽ ا ݎ ൏ ௕ெ௠೐

గ
, the electrons, as well as the protons and neutrons, are 

situated within their SHP zonal oscillation range.  As the electron mass is about 1,836 times 
lighter than the mass of the protons (or neutrons), all protons, atoms, ions and molecules are 
attracted toward the nearest minimum of the proton’s set of minima ݎ௡೛.  As long as the 
differential UG force between the hydrogen’s proton and electron is smaller than the 
electromagnetic force which bonds them, the atom is likely to remain intact, and the electron is 
forced to follow the heavier proton and to gravitate toward the potential energy minima of the 
proton.  The locations of these minima can be derived using equation 2-1-42.  For the case where 

ெܰܯ ا ݎ ሻ andݎሺீܯ ൏ ൫௕௠೛൯
మெయேಾ

௔ெಸሺ௥ሻ
, the energy minima of the proton and the electron occur at 

Equation 8-2a  

௡೛ݎ ൌ
௕௠೛ெ

൫ଶ௡೛ାଵ൯గି௔௥௖௖௢௦൫ట೛൯
   

 

where ߰௣ ൌ
௔ெಸ ቀ௥೙೛ቁ

൫௕௠೛൯
మெయேಾ

௡೛ݎ ௡೛ andݎ ا ܾ݉௣ܯ, or ݊௣ ب 1.  Thus,  

Equation 8-2b 
 
௡೛ݎ ՜

௕௠೛ெ
൫ଶ௡೛ାଵ ଶ⁄ ൯గ

  as ݊௣ ՜ ∞ 

 
where minima occur at any integer ݊௣ ب 1, and where ݎ௡೛ of equation 8-2b fulfills ݎ௡೛ ൏
൫௕௠೛൯

మெయேಾ
௔ெಸቀ௥೙೛ቁ

 and ݎ௡೛ ൏
௕ெ௠೛

గ
.  Similarly, the electrons are drawn by the UG force toward their 

own minima at approximately 
Equation 8-2c  
 
௡೐ݎ ൌ

௕௠೐ெ
ሺଶ௡೐ାଵሻగି௔௥௖௖௢௦ሺట೐ሻ

   

 

where ߰௘ ൌ
௔ெಸ ൫௥೙೐൯

ሺ௕௠೐ሻమெయேಾ
௡೐ݎ ௡೐ andݎ ا ܾ݉௘ܯ, or ݊௘ ب 1, or  
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Equation 8-2d 

௡೐ݎ ՜
௕௠೐ெ

ሺଶ௡೐ାଵ ଶ⁄ ሻగ
  as ݊௘ ՜ ∞ 

 
 where minima occur at any integer ݊௘ ب 1. 

Since ݉௣ ൎ 1,836 ݉௘, there are 1,836 proton potential energy minima at distances 
greater than the first minimum of the SHP-electron UG interaction, and there are 1,836 proton 
potential energy minima between any two successive minimum contours of the electron.   
   According to equation 2-1-2, the UG force steering the electron toward its closest 
potential energy minimum is approximately 1,836ଶ times smaller than the force acting on the 
proton.  Therefore, the atom settles in the immediate vicinity of the proton’s potential energy 
minimum, and in the case of a weak local UG gravitational influence, the electron is prevented 
from approaching its own potential energy minimum by the electromagnetic force that bonds it 
to the proton.  Since there are approximately 1,836 proton potential energy minima between any 
two successive electron potential energy minima, most of the electrons that are bonded to 
orbiting hydrogen atoms demonstrate orbital radii that deviate significantly from the radii of their 
UG minima.  It will be shown that at some of these minima, the overall stability of the proton-
electron system may increase due to the ionization of the hydrogen atom, while the barrier 
threshold of the ionization is either too small or non-existent, and therefore cannot prevent 
massive ionization.  An atom is likely to be ionized at a given location if its overall energy is 
higher than the total sum of the energies of the ion and its displaced electron, where the 
electron’s amount of displacement ∆ is larger than, but of the same order of magnitude as the 
Bohr radius.  For massive ionization to occur, the following equation must hold true at the radius 
where ionization takes place:163 
Equation 8-3 

൫݉௘ ൅݉௣൯ܿଶ െ
ீெேಾ௠೛

௔
ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೛ெ

௥
ቁ െ 1ቁ െ ீெேಾ௠೐

௔
ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೐ெ

௥
ቁ െ 1ቁ൅ܧ௕௢௡ௗ െ

ீெಸሺ௥ሻ௠೛

௥
െ ீெಸሺ௥ሻ௠೐

௥
൐    

 

൐ ൫݉௘ ൅݉௣൯ܿଶ െ
ெ݉௣ܰܯܩ

ܽ ቆ݁௔ ௥⁄ ݏ݋ܿ ቆ
ܾ݉௣ܯ
ݎ ቇ െ 1ቇ െ

ெ݉௘ܰܯܩ

ܽ ቆ݁௔ ห௥Ԧା∆ሬሬԦห⁄ ݏ݋ܿ ቆ
ܾ݉௘ܯ
หݎԦ ൅ ∆ሬሬԦห

ቇ െ 1ቇ െ
ሻ݉௣ݎሺீܯܩ

ݎ

െ
Ԧݎ൫หீܯܩ ൅ ∆ሬሬԦห൯݉௘

หݎԦ ൅ ∆ሬሬԦห
 

 
where ∆ is of the order of the radius of the hydrogen atom.  Note that the loss of the electron has 
virtually no significant effect on the location of the ion (in this case, a proton), as ݉௣ ب ݉௘.  

Also note that since ܽ ا ௔݁ ,ݎ ห௥Ԧା∆ሬሬԦห⁄ ൌ ݁௔ ௥⁄ ൌ 1.  Therefore, massive ionization will take place 
when 
 
 

                                                 
163 Note that due to a quantum tunneling effect, ionization may also occur when the overall energy is increased due to ionization. 
However, in such a case the ionization rate would be low, and massive ionization would not occur.  
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Equation 8-4 
 

െ
ெ݉௘ܰܯܩ

ܽ ቆܿݏ݋ ൬
ܾ݉௘ܯ
ݎ ൰ െ ݏ݋ܿ ቆ

ܾ݉௘ܯ
หݎԦ ൅ ∆ሬሬԦห

ቇቇ൅ܧ௕௢௡ௗ െ
ሻ݉௘ݎሺீܯܩ

ݎ ൅
Ԧݎ൫หீܯܩ ൅ ∆ሬሬԦห൯݉௘

หݎԦ ൅ ∆ሬሬԦห
൐ 0 

 

With ห∆ሬሬԦห of the order of the Bohr radius, the term െீெಸሺ௥ሻ௠೐
௥

൅ ீெಸ൫ห௥Ԧା∆ሬሬԦห൯௠೐
ห௥Ԧା∆ሬሬԦห

  is negligible 

relative to ܧ௕௢௡ௗ.  Using the trigonometric equation 
ሻݔሺݏ݋ܿ  െ ሻݕሺݏ݋ܿ ൌ െ2݊݅ݏ ଵ

ଶ
ሺݔ ൅ ݊݅ݏሻݕ ଵ

ଶ
ሺݔ െ |∆| ,ሻݕ ا |௕௢௡ௗܧ| and ,ݎ ൌ െܧ௕௢௡ௗ results in 

massive ionization occurring when 
Equation 8-5 
 
݊݅ݏ ൬

ܾ݉௘ܯ
ݎ ൰ ݊݅ݏ ൬

1
2
ܾ݉௘ܯ
ଶݎ ∆൰ ൐
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ெ݉௘ܰܯܩ2

൐ 0 

 

As ቚ݊݅ݏ ቀ௕௠೐ெ
௥
ቁ ݊݅ݏ ቀଵ

ଶ
௕௠೐ெ
௥మ

∆ቁቚ ൑ 1, massive ionization can happen only if ܰܯெ ൐ ௔|ா್೚೙೏|
ଶீ௠೐

. 

Therefore, massive ionization of hydrogen atoms at their ground state, where ܧ௕௢௡ௗ ൌ െ13.6 ݁ݒ, 
can occur only when ܰܯெ ൐ 1.022 כ 10ଽ ݇݃. 

The gravitational ionization of other atoms or molecules can be treated similarly.  Atomic 
ionization energy ranges between 3.8939 ݁ݒ (for cesium) and 24.587 ݁ݒ (for helium).  
Therefore, massive atomic ionization at ܽ ا ݎ ا  requires the total mass of the ߨ/௘݉ܯܾ
dominant SHP in the present scenario to be at least ܰܯெ ൐ 2.926 כ 10଼ ݇݃.164  Note that via 
equation 8-5, the removal of the last electron from the ground state of an atom with ݖ protons 
will require approximately ݊݅ݏ ቀ௕௠೐ெ

௥
ቁ ݊݅ݏ ቀଵ

ଶ
௕௠೐ெ
௥మ

∆ቁ ൐ ଵଷ.଺௘௩כ௭௔
ଶீெேಾ௠೐

. 

 The above discussion reveals two key concepts.  First, a substantial portion of the 
massive amount of plasma detected in the universe may be produced via gravitational ionization.  
Second, the electrons freed by ionization settle into entirely different orbits than the orbits of ions 
or atoms.165  In the following chapter, this phenomenon will be shown to explain the generation 
of the magnetic fields created by planets, stars and galaxies, and may be instrumental in 
understanding the observed phenomena of jets and pulsars.   
  

                                                 
164 Lower ܰܯெ values may be sufficient to ionize some large molecules, which may lower ionization energy.  
165 Note that in the first order of approximation, where the masses of the protons and neutrons are assumed to be equal and the 
mass of the bonded electrons is assumed to be negligible relative to the mass of protons, all ions, atoms and molecules share the 
same orbits.  For a sufficiently large ܰܯெ, these orbits may split into a series of nearby sub-orbits.  For example, different 
isotopes of the same atom may demonstrate slightly different radii of orbit, or the orbital radius of an ion of a given element may 
differ slightly from the orbital radius of an atom of the same element.   
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Chapter IX: The General Structure and Composition of Planets and the 
Creation of their Magnetic Fields 
 

Within our Solar System, the four inner planets have a solid surface, and are referred to 
as terrestrial planets.  These planets display no planetary rings and few satellites.  In contrast, the 
surfaces of the four outer planets are non-solid and composed of gases.166  Gas planets are 
substantially more massive than terrestrial planets, and display broad rings and extensive satellite 
systems.  The distinct differences in mass and radii between the terrestrial and gas planets raise 
questions as to whether their composition and structure are related to their size.  A UG-based 
analysis will be applied to examine the relationship between the mass of planets and their 
resultant properties.  It will be shown that under unified gravitation, the formation of a 
substantial ring and satellite system requires a planet of sufficient mass, and is mutually 
exclusive to having a solid surface. 
 
Section IX-1: Planetary Ring and Satellite Systems of Terrestrial and Gas Planets 

 
The temperature and pressure within the cores of less massive planets are less extreme, 

and are consequently expected to produce less massive superheavy particles.  The maximal zonal 
oscillation ranges of the four terrestrial planets in the Solar System are thus expected to extend to 
shorter distances than the maximal zonal oscillation ranges of the four massive gas planets.   

 A mathematical formula relating the mass ܯௌ௅ of the dominant SHP of a planet to the 
total planetary mass ܯ௣ is unknown.  In the present case, it is assumed that the mass of the 
dominant SHP increases faster than the rate of growth of the radius of the planet ܴ௣, which is 
roughly proportional to ܯ௣

ଵ ଷ⁄ . 
A common spherical macroscopic object with a radius of the order of a few centimeters is 

too small to produce superheavy particles of a mass substantially larger than ݉௣.  As the zonal 
oscillation range of two ordinary particles of mass ݉௣ is of the order of 10ିଵ଴ ݉, the maximal 
zonal range of the object is negligible relative to its radius.  The mass of a homogeneous object is 
proportional to the cube of its radius.  The assumption made here, that on average the mass of the 
dominant SHP type of an object increases faster than the cube root of its mass, implies that the 
mass of the dominant SHP type increases faster than the radius of the object.  Therefore, beyond 
a certain radial value, the object’s maximal zonal oscillation range, which is proportional to ܯௌ௅, 
is expected to exceed its radius.  In such a case, some of the potential energy minima of ordinary 
matter of mass ݉௣ may occur above the surface of the object, creating areas of higher matter 
density, or rings.  In order for the length of the zonal oscillation range of the dominant 
superheavy particles with ordinary matter to equal the radius of the object, the object’s mass is 
expected to fall within the range between the mass of the largest known object without a ring 
system and the smallest object known to display a ring system.  Hence, in our Solar System this 
                                                 
166 Note that planetary gases may become compressed into liquids or solids further in toward their interiors. 
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mass value is expected to fall somewhere between the mass of the planet Earth and the mass of 
planet Uranus. 

 As an example, assume that within the range of masses covered by the eight Solar 
planets between 3 כ 10ଶଷ݇݃ ൏ ௣ܯ ൏ 2 כ 10ଶ଻ ݇݃ (see table 9.1), ܯௌ௅ has an approximately 
linear dependency on the planet’s overall mass (or ܯௌ௅ ൎ  ௣).  For simplicity, the SHPܯߟ
velocities are assumed to be non-relativistic and the influence of less dominant SHP groups will 
not be taken into account.  Applying the above simplifications, the radius of the planet ܴ௣ can be 

expressed by ܴ௣ ൎ ൬ ଷ
ସగఘഥ೛

൰
ଵ ଷ⁄

௣ܯ
ଵ ଷ⁄ , where ߩҧ௣ is defined as the average density of the planet.  

The external ring, indexed ݊ ൌ 2,167 is given by ܴ௭ ൎ
௕ெೄಽ௠೛

ଶగ
.  Therefore, rings may form when 

ܴ௭ ൐ ܴ௣, or 
Equation 9-1-1 

௕ெೄಽ ௠೛

ଶగ
ൎ ௕ఎெ೛ ௠೛

ଶగ
൐ ൬ ଷ

ସగఘഥ೛
൰
ଵ ଷ⁄

௣ܯ
ଵ ଷ⁄    

 
or 
Equation 9-1-2 

ߟ  ൐ ଵߟ ൌ
ଶగ

௕௠೛ெ೛
మ య⁄ ൬

ଷ
ସగఘഥ೛

൰
ଵ ଷ⁄

ൌ ଶ.ହ଼଻כଵ଴షభళ

൫ெ೛
మఘഥ೛൯

భ య⁄     

 
Table 9-1 provides the calculated values of ߟଵ for all of the planets in the Solar System.  

Given that the four terrestrial planets do not display planetary rings, while the four gas giants 
maintain rings, the value of ߟ lies somewhere within the range 
 
Equation 9-1-3 

4.45 כ 10ିଷହ ൐ ߟ ൐ 1.219 כ 10ିଷହ 

Note, however, that the assumption of linearity ൫ܯௌ௅ ൎ  ௣൯ was used only as anܯߟ
example.  In the case where the relation between ܯௌ௅ and ܯ௣ is non-linear, as long as ܯௌ௅ 
increases consistently at a higher rate than ܯ௣

ଵ ଷ⁄ , ring systems will occur exclusively in objects 
of a mass greater than some threshold mass value.  Taking the above discussion one step further, 
when the zonal oscillations of the planetary superheavy particles with ordinary matter extend 
beyond the Roche limit of a planet, the rings located external to this limit are likely to coalesce to 
produce satellites.  As discussed, this process can occur in planets of substantial mass, where the 
oscillation range of the SHP-݉௣ interaction exceeds the radii of the planets.  This process may 
consequently account for the large number of satellites observed to encircle the four gas giants, 
and may further explain why terrestrial planets, which do not generate ring systems at which 

                                                 
167 As previously discussed, the external ring between the ݊ ൌ 0 minimum and the ݊ ൌ 1 maximum demonstrates negligible 
amplitude and thus can be discounted.  Note that this external ring may be observed as an extremely faint and diffused ring. 
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matter can accumulate and coalesce, have few satellites.  According to unified gravitation, the 
moons of terrestrial planets are theorized to have been captured into orbit by the gravitational 
pull of their parent planet.  These captured satellites may have originated external to the 
planetary system, or may have formed in tandem with their parent planet, in an adjacent orbit.  In 
keeping with this scenario, Earth and its moon may have formed within virtually the same ring of 
the Sun, at two local minima generated by the “interference pattern” of various solar SHP 
groups. 168  As their masses increased, the gravitational interaction between the Earth and the 
moon became sufficiently strong and they began to orbit around each other, as well as around the 
Sun.  Such a scenario may provide one or two satellites, however not the large quantity of 
satellites observed to orbit the giant gas planets.  

 
Table 9-1 

 Planet        Density (࢓/ࢍ࢑૜)   ࣋ഥ࢖ Mass (ࢍ࢑)  ࣁ  ࢖ࡹ૚        

 Jupiter  1,326   1.8986 כ 10ଶ଻                   1.536 כ 10ିଷ଺ 

Saturn  687.3   5.6846 כ 10ଶ଺                    4.274 כ 10ିଷ଺ 

 Uranus  1,270   8.681 כ 10ଶହ                      12.19 כ 10ିଷ଺ 

Neptune 1,638   1.0243 כ 10ଶ଺                    10.03 כ 10ିଷ଺ 

 Earth  5,515   5.9736 כ 10ଶସ                      44.5 כ 10ିଷ଺ 

 Mars  3,934   6.4185 כ 10ଶଷ                    220.4 כ 10ିଷ଺ 

 Venus  5,204   4.868 כ 10ଶସ                          52  כ 10ିଷ଺ 

 Mercury 5,427   3.3022 כ 10ଶଷ                     308.2 כ 10ିଷ଺ 

 
 
Section IX-2: Unified Gravitation and the Surface Structure of Gas and Terrestrial Planets 

 
The UG explanation for the composition of planets, specifically the observation that the 

larger solar planets consist of non-solid surfaces, can be examined in the context of the 
discussion of the previous section.  The existence of a ring system indicates that the zonal 
oscillation range generated by the planetary superheavy particles exceeds the radius of the planet.  
Therefore, the rapid oscillations of the potential energy create strong tidal forces that extend 
beyond the planetary surface and prevent surface layers of gases from transitioning to solid form.  
In smaller planets, the zonal oscillation range of the dominant superheavy particles is expected to 
terminate well below the planetary surface.  Hence, the tidal forces applied on a planet’s surface 
by its superheavy particles are small, allowing ordinary matter on the planetary surface to 
solidify. 
 

                                                 
168 For additional information, see figure 4-2 and footnote 63 in Chapter IV.  Current theory holds that the Moon was created by a 
collision between Earth and an external body. 
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 Section IX-3: The Composition of Earth’s Core 

 
As suggested in the third chapter, superheavy particles are generated deep within the 

cores of astronomical objects (probably as pairs of superheavy particles and anti-particles) with 
sufficient initial kinetic energy and momentum to allow for their ejection from the central core, 
yet not adequately large to set them free.  Consequently, SHPs enter into approximately circular 
orbits of radii ܴ௢௥௕௜௧ around the central core, where the zonal oscillation range of the superheavy 

particles is given by ܴ௭௥ ൎ
௕ெ௠೛

గ
.  Ordinary matter is likely to coalesce in regions external to the 

zonal oscillation range of massive superheavy particles.  Consequently, as long as ܴ௭௥ ൏ ܴ௢௥௕௜௧  
and ܴ௭௥ ൅ ܴ௢௥௕௜௧ ൏ ܴ௉, the inner core and the outer layers of the planet do not fall within the 
zonal oscillation range of large SHPs and are thus expected to solidify.169  The middle section of 
the planet, between ܴ௢௥௕௜௧ െ ܴ௭௥ ൏ ݎ ൏ ܴ௢௥௕௜௧ ൅ ܴ௭௥, is located within the zonal oscillation 
range of large SHPs, and is thus expected to remain non-solid or viscous.  Looking into the 
composition of our planet, the radius of Earth’s solid inner core is 1,210 ݇݉ and the radius of its 
outer liquid core lies between 1,210 ݇݉ and 3,470 ݇݉ from the planetary center.  Above the 
liquid layers of the core lies the highly viscous mantle between 3,470 ݇݉ and 6,370 ݇݉ from 
the center of Earth,170 and an additional 35 ݇݉ of a solid outer crust. Using these values, the 
mass and orbital radii of the Earth’s dominant superheavy particles can be estimated, where 
ܴ௢௥௕௜௧ െ ܴ௭௥ ൎ 1,210 ݇݉ and ܴ௢௥௕௜௧ ൅ ܴ௭௥ ൎ 3,470 ݇݉ provide ܴ௢௥௕௜௧ ൎ 2,340 ݇݉ and 
ܴ௭௥ ൎ 1,130 ݇݉, leading to ܯ ൎ గோ೥ೝ

௕௠೛
ൎ 2.4 כ 10ିଵଵ ݇݃.  Therefore, the mass of the dominant 

SHP within the Earth is expected to equal approximately 2.4 כ 10ିଵଵ ݇݃.  Note that Earth may 
contain larger superheavy particles as well, but in quantities that are too minor to be noticed. 
Further note that based on unified gravitation, the outer core is not necessarily in a liquid or gas 
form.  Rather, the outer core is more likely to be composed of layers of high matter density 
separated by layers of significantly lower density, where the layered structures rotate at lower 
angular velocities than the SHP groups, and are thus subjected to rotating density waves 
generated by the SHPs. 
 
Section IX-4: The Creation of Planetary, Stellar and Galactic Magnetic Fields via Unified 
Gravitation 
 
 The Sun, the Earth and the other solar planets are known to have magnetic fields, a 
phenomenon described by Einstein as being one of the great unsolved problems facing modern 
physics.  The exact cause for the observed magnetic fields remains unknown.  Earth’s magnetic 

                                                 
169 Note that the center of the planet may be sufficiently massive to eliminate zonal oscillations, even in cases where the center is 
located within the oscillation range of the orbiting superheavy particles.  In such a case, we can only rely on ܴ௭௥ ൅ ܴ௢௥௕௜௧ ൏ ܴ௣.  
Therefore, the mass of the dominant SHP may be larger than the mass calculated in this section.  
170 According to this model, the mantle lies on a downward slope of the potential beyond ݊ ൌ 1 at ݎ ൐  ଵ.  Therefore, the innerݎ
part of the mantle is almost liquid, whereas the outer mantle becomes increasingly solid. 
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field is presently believed to result from electric currents in its liquid outer core, however the 
origin of these currents is not well-understood. 
 As discussed in Chapter VIII, at distances below ݎ ൎ ௕ெ௠೐

గ
, free electrons tend to 

gravitate toward their minima contours at about ݎ௡೐ ൎ
௕ெ௠೐

ሺଶ௡೐ିଵ ଶ⁄ ሻగ
, while below ݎ ൎ ௕ெ௠೛

గ
,  

protons and ions (as well as neutral atoms, neutrons and molecules) tend to gravitate toward the 

minima of the ordinary matter ݉௣, at about ݎ௡೛ ൎ
௕ெ௠೛

൫ଶ௡೛ିଵ/ଶ൯గ
.  Since ݉௣ ൎ 1,836݉௘, there are 

1,836 proton-SHP minima between any two successive electron-SHP minima. 
 Ionization may be caused by the UG gravitational force (as explained in Chapter VIII), 
by radiation (electromagnetic fields), or thermally (through collisions or radiation).  In any case, 
if a free electron and an ion are within the electron-SHP zonal oscillation range, each will 
gravitate toward its nearest respective minimum and enter into an orbit.  Each rotating charge is 
expected to generate a magnetic field of 
Equation 9-4-1 
 
ܤ   ൌ ఓబ௤

ସగ௥మ
ሺݑሬԦ ൈ  ሻݎ̂

 
  The total amount of negative and positive charges must be equal in order to maintain 

overall neutrality.  According to the current paradigm (based on the electromagnetic/Newtonian 
scenario), the lighter electrons are expected to reach substantially higher velocities than the 
heavier ions, and the magnetic field generated by the ions is thus negligible.  However, both 
thermal and radiation-driven ionization are random by nature.  Substantially high temperatures 
are required for the generation of the massive ionization needed for the creation of the measured 
magnetic fields.  At such high temperatures, the spatial and velocity distributions of the free 
electrons are expected to be entirely random.  Therefore, the magnetic fields produced by the 
various electrons should cancel out, and no substantial global magnetic field should be observed.  
 According to the UG scenario, ions and protons are organized in a distinct set of orbits 
within the SHP-proton zonal oscillation range, dictated by an orderly set of minima.  The same is 
true for the electrons within the SHP-electron oscillation range.171  The velocities of the nearby 
electrons and protons (or ions) are determined by the rotational velocity of the central core at 

very short distances, or may be given by equation 6-5, ݑ ൎ ቆସீேೞெஓ
మሺݒሻ

௔
൅ ∆ ቀீெಸሺ௥ሻ

௥
ቁቇ

ଵ ଶ⁄

, at 

larger distances.  In either case, the velocity of the charged particles is independent of their 
masses.  Consequently, in close proximity to the SHP groups, ions and protons travel at 
velocities that are comparable to the velocities of the electrons and rotate in the same direction 
within the same orbital plane, as dictated by the rotation of the SHP groups.  Since all charges 
rotate in the same direction, the magnetic fields generated by the rotating positive charges point 
                                                 
171 Note that the ionization can be initiated not only by external radiation and a thermal process, but also by gravitational (UG) 
ionization.  In either case, the ions and the electrons which are within their oscillation range with the SHPs, gravitated toward a 
potential energy minimum. 
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in a single direction, opposite to the direction of the contribution of the rotating negative 
charges.172  However, since the positive and negative charges are distributed in different sets of 
orbits, they are not likely to recombine, and their magnetic fields cannot entirely cancel each 
other out.  As a result, a global planetary, stellar or galactic magnetic field may be generated. 

In the specific case of Earth’s magnetic field, the orbits of the dominant SHP groups were 
estimated in the previous section to reside within Earth’s outer core.  As the SHPs rotate around 
the center of Earth, they ionize nearby atoms and organize the free ions and electrons into 
separate orbits, therefore creating separate currents of ions and electrons within the outer core. 
These currents generate Earth’s magnetic field via a dynamo effect, in accordance with current 
theory. 

 
Section IX-5: The Solar Corona 
 

Located above the Sun’s transition region, the solar corona starts at about 1700 ݇݉ 
above the photosphere and extends out into space without a well-defined outer boundary.  The 
corona’s energy output is nearly 10ି଺  of that of the photosphere.  However, whereas the 
average temperature of the Sun’s photosphere is 5800 kelvin, the corona’s temperature is 
between one and three million Kelvin.  The higher temperature of the corona rules out simple 
conduction of heat as its heating mechanism, and the exact process by which the corona is heated 
is still subject to debate.   
 A possible UG-driven theory proposes that the solar corona is located at the external 
minimum layer of a dominant SHP at ݊ ൌ 2, while the higher minima of ݊ ൒ 4 are positioned 
deep under the surface of the Sun, and are thus undetectable.  As a result, a significantly higher 
density of matter is expected at the vicinity of the dominant SHP-݉௣ minimum ݊ ൌ 2, causing a 
dramatic elevation in temperature.  Consequently, superheavy particles may be generated, and 
subsequently decay, at this minimum.  Prior to their decay, these SHPs create a series of minima 
at which ordinary matter may concentrate to form the observed c (see figure 9.1).173  The coronal 
loops may be generated by one or more superheavy particles of the same or of different masses 
located at varying distances from each other, thereby different loops may demonstrate entirely 
different structures.  As new SHPs are created and then decay, coronal loops are expected to be 
transient.  Figure 9-1 displays an observed coronal loop that appears almost identical in structure 
to a single lobe of the hourglass nebula MyCn18 discussed in chapter IV (a single lobe, since 
only the part of the overall structure that is located above the surface of the Sun is visible), 
suggesting that this particular coronal loop may also be generated by binary superheavy particles 
located at the ݊ ൌ 2 minimum.   

                                                 
172 In the present case, positive charges refer to ions and protons, and negative charges refer to electrons. 
173 The ionization and the strong magnetic fields created by the coronal SHPs may also play some role in determining the 
morphology of the coronal loops.   
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Figure 9-1: Coronal loops, image credit: TRACE NASA; http://trace.lmsal.com/POD/TRACEpodarchive24.html.  In the fourth 
chapter, the hourglass structure of MyCn 18 was produced using a simple UG model of binary of stationary SHP groups. The 
resemblance between the structure of the coronal loop in figure 9-1 and a single lobe of MyCn 18 suggest that both structures 
may be governed by similar interactions.  
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Chapter X:  The Question of Galactic Redshift Periodicity  
  
Section X-1: Galactic Redshift Periodicity 
 

Gravitational redshift is a well known phenomenon, first predicted by Einstein’s relativity 
theories and then verified experimentally.  According to general relativity, the redshift of a 
photon within the gravitational field of a non-rotating uncharged spherically symmetric mass 
 ሻ is viewed by a distant observer asݎሺீܯ
Equation 10-1-1 

1 ൅ ࣦሺݎሻ ൌ 1 ൅
Δߣ
ߣ ൌ ൬1 െ

ሻݎሺீܯܩ2
ଶܿݎ ൰

ିଵ ଶ⁄

 

 
where the redshift  ࣦ, and its equivalent velocity ࣦݒ are defined as    
Equation 10-1-2 
 
ࣦ ൌ Δఒ

ఒ
  and  ࣦݒ   ൌ ࣦܿ 

 
where ߣ߂ provides the difference between the radiation wavelength measured at the inertial rest 
frame of the observer, denoted ߣҧ, and the wavelength of the same radiation line emitted by a 
“free” atom measured at the inertial rest frame of the emitting  atom, denoted ߣ.  

Therefore, it is not surprising that the gravitational field of a galaxy may influence the 
amount of redshift of its radiation.  However, it was not expected that the amount of redshift may 
show periodicity.  The first researcher to observe such periodicity was William G. Tifft in the 
1970s (Tifft, 1973).  Tifft reported that galaxies in the Coma Cluster show periodic redshift, with 
periodicity of about 72 ݇݉/ݏ, followed by the later discovery of periodicity of about 36 ݇݉/ݏ.  
A similar phenomenon was observed to occur in the redshift of quasars as well (Burbidge, 1968).  
Additional studies by Arp (Arp 1987), Tifft (Tifft 1980,1995, 2003), Napier (Napier, 1997)  and their 
collaborators, conducted on larger sets of galaxies more widely distributed, seem to validate 
these findings.  Specifically, in a limited trial on galaxies in the Virgo cluster, Bruce Guthrie and 
William Napier reported that away from the dense central core of the galaxy the redshifts were 
offset from each other in multiples of about 71 ݇݉/ݏ, and further reported a periodicity of about 
 in the Coma Cluster (Guthrie & Napier, 1990).  While spiral galaxies were observed to ݏ/݉݇ 37.5
display strong redshift periodicity, no significant periodicity was found for two separate groups 
of irregular galaxies. The increased accuracy achieved with the introduction of the 21 ܿ݉ 
redshift measurements, and by correcting for the distortion effect caused by the velocity of the 
Solar System relative to the cosmic microwave background, led to the finding of additional 
redshift velocities.  
   General relativity can provide redshift periodicity to the extent reported only via a very 
particular distribution of matter.  Such a distribution is very unlikely to form spontaneously or to 
persist for a long period of time.  Consequently, it is quite difficult to explain the observations of 
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periodic redshift reported in a considerable number of galaxies.  Therefore, the existence of 
redshift periodicity may require a paradigm shift, which can explain the great deal of skepticism 
among the astronomical community as to the merit of these findings.  It has been suggested that 
the observed periodicity, or “quantization,” of galactic redshift may be due to measurement or 
analysis error, due to coincidence, or due to geometrical effects resulting from the correlated 
positions of galaxies (Sepulveda, 1987).   

 The UG theory suggests the occurrence of redshift periodicity, or quantization, resulting 
as a consequence of the tendency of ordinary matter to accumulate within a distinct set of 
potential energy minima created by the interaction between the galactic superheavy particles and 
the ordinary matter of the orbiting gas or objects.  Substituting the distinct set of minima 

provided by equation 2-1-42, ݎ௡ ൌ
௕௠೛ெ

ሺଶ௡ାଵሻగି௔௥௖௖௢௦ሺటሻ
՜ ௕௠೛ெ

ሺଶ௡ାଵ/ଶሻగ
 (for ݊ ب 1), in equation 10-1-1 

yields 

1 ൅ ࣦሺݎ௡ሻ ൌ ൬1 െ
௡ሻݎሺீܯܩ2
௡ܿଶݎ

൰
ିଵ ଶ⁄

ൎ ቆ1 െ
௡ሻሺ2݊ݎሺீܯܩ2 ൅ 1/2ሻߨ

ܾ݉௣ܿܯଶ
ቇ
ିଵ ଶ⁄

ൎ 1 ൅
௡ሻሺ2݊ݎሺீܯܩ ൅ 1/2ሻߨ

ܾ݉௣ܿܯଶ
 

 
As long as the vast majority of the mass of the galactic ordinary matter is within the distance 

ݎ ൏ ௡ሻݎሺீܯ  ,௡ݎ ൎ ௡ሻݎand ࣦሺ ீܯ  ൎ
ீሺଶ௡ାଵ/ଶሻగ

௕௠೛௖మ
ቀெಸ
ெ
ቁ, thereby demonstrating a periodic redshift 

with a periodicity of ∆ࣦ ൌ ଶீగ
௕௠೛௖మ

ቀெಸ
ெ
ቁ.174  However, as the UG theory violates the equivalence 

principle at distances where rings or spiral arms occur, a UG analysis of redshift periodicity 
should not rely on an equation of general relativity.  Therefore, an alternative approach is used, 
where the gravitational redshift is derived from the equivalence of mass and energy under special 
relativity. 

In accordance with special relativity, the mass of the emitting electron and the masses of 
protons in the nucleus of the same atom deviate from their rest masses, due to their interactions 
with the galactic superheavy particles and ordinary matter.  The rest masses of the electron and 
proton are denoted as ݉௘ and ݉௣, and the masses of the interacting electron and proton are given 
by ഥ݉௘ and ഥ݉௣ respectively.  Radiation occurs when an electron transitions from a higher energy 
quantum state to a lower energy quantum state, while the energy of the emitted radiation is equal 
to the energy difference between the two states.  As the energy level of either atomic state 
depends on the mass of the electron as well as on the masses of protons, the emitted radiation 
energy measured by the distant observer will deviate from the energy measured in the inertial 
rest frame of an identical free atom.175  Therefore, the effective masses of the electron and the 
protons deviate from their rest masses by a distinct set of values, resulting in a clear periodic set 
of wavelengths, rather than continuous radiation energies or wavelengths.  

                                                 
174 Note that the much smaller UG contribution of the electrons was neglected. 
175 The effect of the galactic gravitational field on the mass of nucleons and electrons is also true for Newtonian gravitation 
within special relativity, with the exception that according to the UG theory, the atoms or molecules of a galaxy are likely to be 
arranged in the vicinity of distinct potential energy minima of the SHP-proton pairs, rather than in the continuous distribution 
predicted by the Newtonian theory.  
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  The following discussion will provide a more rigorous analytical treatment of this 
phenomenon, specifically for the case of the hydrogen ܪଵଵ  radiation lines.  The hydrogen atom 
will be assumed to remain isolated and unaffected by nearby objects, and to travel in a circular 
orbit of radius ݎ around a non-rotating galaxy center.  The atom’s orbital radius ݎ is assumed to 
lie beyond the zonal oscillation range of ordinary matter of mass ݉௣ and all but the dominant 
SHP type.  The dominant superheavy particles of mass ܯ are assumed to be located and at rest at 
the center of the galaxy.  Note that the above assumptions are made for simplification, and do not 
significantly restrict the generality of the discussion.   

Whereas the radiation energy is given by ∆ܧ ൌ ߥ݄ ൌ ௛௖
ఒ

 , where according to the law of 
conservation of energy, ∆ܧ is the energy between the initial and final energy states of the 
emitting electron, where ߥ denotes the frequency of the radiation, and ݄ is Planck’s constant.  

The following analysis is applied for the case of non-relativistic atom velocity, where the 
energy of a free particle (an electron or proton) of rest mass ݉ and velocity ݑ can be described 
accurately by the equation ܧ ൌ ݉ܿଶ ൅ ଵ

ଶ
 ଶ.  Initial studies of galactic redshift measured theݑ݉

redshift spectra of the transitions between the various hydrogen (ݖ ൌ 1) orbital levels.  The 
electron orbital energy levels are given by176  
Equation 10-1-3a 

௡௝ܧ ൌ ݉௘ܿଶ െ
ఓ௓మఈమ

ଶ௡మ
െ ఓ௓రఈర

௡యሺଶ௝ାଵሻ
൅ ଷ

଼
ఓ௓రఈర

௡ర
൅ ଺ሻߙሺܱߤ ൌ ݉௘ܿଶ ൅ ,ሺ݊߯ߤ ݆,   ሻݖ

 
where ݉௘ provides the rest mass of the electron, ߤ is the reduced mass of the electron-nucleus 
system in the inertial rest frame of the emitting atom, and ݖ denotes the number of protons in the 
atom.   The fine-structure constant ߙ is defined as ߙ ൌ ௘ଶݍ 2݄ܿ߳଴⁄ , where ݍ௘ is the elementary 
charge, ݄ is Planck’s constant, ܿ is the speed of light and ߳଴ provides the vacuum permittivity.  
The quantum numbers of the hydrogen quantum states are denoted as ݊ and ݆, where ݊ ൐ 0 is a 
positive integer,  ݆ ൌ ଵ

ଶ
, ଷ
ଶ
…݊ െ ଵ

ଶ
 , and where ߯ሺ݊, ݆,  ሻ is defined asݖ

Equation 10-1-3b 

 ߯ሺ݊, ݆, ሻݖ ൌ ௓మఈమ

ଶ௡మ
െ ௓రఈర

௡యሺଶ௝ାଵሻ
൅ ଷ

଼
௓రఈర

௡ర
൅ ܱሺߙ଺ሻ  

 
Note that ߯ሺ݊, ݆,  ሻ is independent of the masses of the protons and the electron.  In the case ofݖ
the hydrogen atom Hଵଵ ݖ , ൌ 1 and ߤ ൌ ௠೐௠೛

௠೐ା௠೛
 . 

The wavelength of the radiation due to the electron’s transition from level ܧ௡భ௝భ to level ܧ௡మ௝మ is 
subsequently given by 
 
 

                                                 
176 For further reading, see Quantum Field Theory by Claude Itzykson and Jean-Bernard Zuber, Dover Publication, Inc., 
Mineola, New York, 2005. 
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Equation 10-1-4 
 

ߣ ൌ
݄ܿ

௡మ௝మܧ െ ௡భ௝భܧ
ൌ

݄ܿ
,ሺ߯ሺ݊ଶߤ ݆ଶ, ሻݖ െ ߯ሺ݊ଵ, ݆ଵ, ሻሻݖ

  

 
The observer is assumed to be positioned at sufficient distance from the galaxy to remain 
unaffected by its gravitational field.  However, as the galactic superheavy particles and ordinary 
matter are expected to influence the masses of the electron and proton of the emitting hydrogen 
atom, and therefore its reduced mass ߤҧ, the actual observed radiation is equal to 
Equation 10-1-5 

ҧߣ ൌ
݄ܿ

,ҧሺ߯ሺ݊ଶߤ ݆ଶ, ሻݖ െ ߯ሺ݊ଵ, ݆ଵ, ሻሻݖ
  

 
where the redshift ࣦ of the electron’s orbital energy level is given by 
Equation 10-1-6 

ࣦ ൌ  
ҧߣ െ ߣ
ߣ ൌ ൬

1
ҧߤ െ

1
൰ߤ ߤ ൌ

ߤ
ҧߤ െ 1 

 

Defining ܭ௣ ൌ
௠ഥ೛
୫౦

 and ݇௘ ൌ
௠ഥ೐
୫౛

  as the respective mass ratios of the proton and the electron, and 

substituting μ, ߤҧ, ܭ௣and ݇௘ for the case of hydrogen ܪଵଵ ݖ)  ൌ 1) in equation 10-1-6 yields 
Equation 10-1-7   
 

ࣦ ൌ

݉௘݉௣
݉௘ ൅݉௣
 ݇௘݉௘ܭ௣݉௣
 ݇௘݉௘ ൅ ௣݉௣ܭ

െ 1 ൌ  
1
 ݇௘

 ൫݇௘/ܭ௣൯݉௘ ൅݉௣

݉௘ ൅݉௣
െ 1 

 
where ݉௘ ا ݉௣, and with the exception of extreme gravitational fields, 

൫݇௘/ܭ௣൯݉௘ ا 1836݉௘ ൌ ݉௣.  Therefore, ࣦ ൌ ଵ
 ௞೐
െ 1. 

Later studies of redshift periodicity started using the more sensitive 21 ܿ݉ line for 
quantifying redshift.  The 21 ܿ݉ line is assumed to be created by the magnetic field induced by 
the nucleus magnetic moment, resulting in the splitting of the triplet and the singlet spin state 
energy levels (this energy split is also called the hyperfine structure).  The energy difference 
between the triplet and the singlet spin states at the ground level of the electron is given by  
Equation 10-1-8 

௛௙೙సభ,ೕసభ/మܧ∆ ൌ
4
3 ߤ

݉௘

݉௣
 ସ݃௣ߙ

 
where ݃௣ provides the reduced gyromagnetic ratio of the proton.  Following the same process, 
the ࣦ redshift of the 21 ܿ݉ line is given by 
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Equation 10-1-9 

ࣦ ൌ

ۉ

ۇ

݉௘݉௣
݉௘ ൅ ݉௣
 ݇௘݉௘ܭ௣݉௣
 ݇௘݉௘ ൅ ی௣݉௣ܭ

൮ۊ

݉௘
݉௣
 ݇௘݉௘
௣݉௣ܭ

൲ െ 1 ൌ
1
 ݇௘

݉௘ ൅ ൫ܭ௣  ݇௘⁄ ൯݉௣

݉௘ ൅݉௣
െ 1 

 
Assuming that ൫ܭ௣  ݇௘⁄ ൯݉௣ ب ݉௘ provides  
Equation 10-1-10a 

  ࣦ ൌ ௄೛
 ௞೐మ

െ 1 

 
If, in addition, ܭ௣ ൎ ݇௘,  
Equation 10-1-10b 
 

ࣦ ൌ
1
 ݇௘

െ 1 

 
yielding the same results as obtained for the case of the regular spectra of the hydrogen atom. 

As observed, and demonstrated by the theory developed in Chapter III, the rotational 
velocities within and external to the galactic disk relative to the galaxy center are of the order of 
hundreds of ݇݉/ݏ, too slow to cause any appreciable relativistic effects.  This is also true in the 
case of an observer located outside of the given galaxy moving at a non-relativistic velocity 
relative to the galactic center.  Therefore, no velocity-related relativistic corrections are required.  
However, according to Einstein’s mass equation for a bonded electron-proton pair within a 
hydrogen atom ܪଵଵ , viewed by a distant observer, the energy of the proton is given by 
Equation 10-1-11 
 

ഥ݉௣ܿଶ ൌ ௣݉௣ܿଶܭ ൌ ݉௣ܿଶ െ
ெܰܯ௣݉ܩ

ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬
ܾ݉௣ܯ
ݎ ൰ െ 1൰ ൅

1
2݉௣ݑଶ െ

ሻݎ௚ሺܯ௣݉ܩ
ݎ ൅  ௕௢௡ௗܧ

 
where ܧ௕௢௡ௗ provides the overall bonding energy of the proton to the electron, which must be 
negative,177  ݑሬԦ is the rotational velocity of the atom around the galaxy center, and ܯ௚ሺݎሻ is the 
mass of the ordinary matter within a sphere of radius ݎ from the galaxy center.  Additionally, the 
distribution of the galactic ordinary matter around the center of the galaxy is assumed to be 
spherically symmetric.  Therefore, 
Equation 10-1-12 

ሺܭ௣െ1ሻ݉௣ܿଶ ൌ െ
ெܰܯ௣݉ܩ

ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬
ܾ݉௣ܯ
ݎ ൰ െ 1൰ ൅

1
2݉௣ݑଶ െ

ሻݎ௚ሺܯ௣݉ܩ
ݎ ൅  ௕௢௡ௗܧ

 
Over time, the rotating atom is likely to gravitate toward an orbital radius near a potential 

energy minimum.  Since the force applied on the proton at any of the minima is zero, the orbit 
                                                 
177The value of ܧ௕௢௡ௗ must be negative in order for the electron to bond with the proton.   In the general case, where the atom is 
part of a molecule or a larger object, ܧ௕௢௡ௗ may denote the overall bonding energy of the proton to the object as a whole.  
However, for simplicity, the current scenario deals with an isolated hydrogen atom. 
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must shift slightly from the minimum to allow the resultant gravitational force to balance the 
centrifugal force.  However, due to the steep slopes of the potential energy at zonal indices 
݇ ب 0, the orbital radii at which the overall energy minima occur must be very close to the radii 
where the overall potential energy of the atom has a local minimum.  Using equation 2-1-42 and 
restricting the discussion to distances of ܽ ا ݎ ا ܾ݉௣ܯ, where ܰܯெ ا ݎ ሻ andݎሺீܯ ൏
൫௕௠೛൯

మெయேಾ
௔ெಸሺ௥ሻ

 confines the potential energy minima of the proton or the atom to  
Equation 10-1-13a  
 
௡೛ݎ ൌ

௕௠೛ெ
൫ଶ௡೛ାଵ൯గି௔௥௖௖௢௦൫ట೛൯

  

  

where ߰௣ ൌ
௔ெಸ ቀ௥೙೛ቁ

൫௕௠೛൯
మெయேಾ

௡೛ݎ ௡೛ forݎ ا ܾ݉௣ܯ or ݊௣ ب 1.  For sufficiently large ݊௣ (and 

therefore, sufficiently small ݎ௡೛), ߰௣ ൎ 0, and  
Equation 10-1-13b 

௡೛ݎ ൎ
ܾ݉௣ܯ

൫2݊௣ ൅ 1/2൯ߨ
 

 
As ݎ௡೛ ب ܽ, equation 10-1-12 can be rearranged as follows: 
Equation 10-1-14 

௣ܭ ൎ 1 ൅ ீெேಾ
௔௖మ

ቂ1 െ ቀ1 ൅ ௔
௥
ቁ ݏ݋ܿ ቀ௕௠೛ெ

௥
ቁቃ ൅ ଵ

ଶ
ቀ௨
௖
ቁ
ଶ
െ ீெ೒ሺ௥ሻ

௥௖మ
൅ ா್೚೙೏

௠೛௖మ
   

or 

௣ܭ ൎ 1 ൅
ெܰܯܩ
ܽܿଶ ൤1 െ ݏ݋ܿ ൬

ܾ݉௣ܯ
ݎ ൰൨ ൅

1
2 ቀ
ݑ
ܿቁ

ଶ
െ
ሻݎ௚ሺܯܩ
ଶܿݎ ൅

௕௢௡ௗܧ
݉௣ܿଶ

 

 
At the range of interest ܯ௚ሺݎሻ ب  ெ, substituting equation 10-1-13b in equation 10-1-14ܰܯ
provides a minimum contour at 
Equation 10-1-15 

௣ܭ ൌ 1 ൅
ெܰܯܩ
ܽܿଶ െ

௚ܯܩ ቀݎ௡೛ቁ ൫2݊௣ ൅ 1/2൯ߨ
௣ܿଶ݉ܯܾ

൅
1
2 ቀ
ݑ
ܿቁ

ଶ
൅
௕௢௡ௗܧ
݉௣ܿଶ

 

 
Similarly, for the electron, 
Equation 10-1-16 

ഥ݉௘ܿଶ ൌ ݇௘݉௘ܿଶ ൌ ݉௘ܿଶ െ
ெܰܯ௘݉ܩ

ܽ ൬݁௔ ௥⁄ ݏ݋ܿ ൬
ܾ݉௘ܯ
ݎ ൰ െ 1൰ ൅

1
2݉௘ݑଶ െ

ሻݎ௚ሺܯ௘݉ܩ
ݎ ൅  ௕௢௡ௗܧ

 
or 
Equation 10-1-17 

݇௘ ൌ 1 ൅
ெܰܯܩ
ܽܿଶ ൤1 െ ݏ݋ܿ ൬

ܾ݉௘ܯ
ݎ ൰൨ ൅

1
2 ቀ
ݑ
ܿቁ

ଶ
െ
ሻݎ௚ሺܯܩ
ଶܿݎ ൅

௕௢௡ௗܧ
݉௘ܿଶ
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The electron and the proton are bonded together, and thus travel at the same velocity around the 
galaxy center.  However, as the masses of the electron and the proton differ substantially, the 
locations of the potential energy minima of their interaction with a superheavy particle of mass 
 vary accordingly.  Since the proton mass is over 1,836 times larger than the mass of the ܯ
electron, the atom is expected to reside near a minimum of the proton-SHP interaction, which 
may be at substantial distance from any minimum of the SHP-electron interaction.  The electron 
is therefore subject to the UG gravitational force, which aims to draw the electron toward a UG 
potential energy minimum.  However, the electron is usually prevented from migrating toward 
this minimum by its electromagnetic interaction with the proton.  Hence, for the case of a non-
ionized hydrogen atom, the location of the electron is given by  

௡೛ݎ ൎ
௕௠೛ெ

൫ଶ௡೛ାଵ/ଶ൯గ
, rather than by  ݎ௡೐ ൎ

௕௠೐ெ
ሺଶ௡೐ାଵ/ଶሻగ

.  Substituting ݎ௡೛ for ݎ in equation 10-1-17 

provides  
Equation 10-1-18 
 

݇௘ ൌ 1 ൅
ெܰܯܩ
ܽܿଶ ቆ1 െ ݏ݋ܿ ቆ

݉௘

݉௣
൫2݊௣ ൅ 1/2൯ߨቇቇ ൅

1
2 ቀ
ݑ
ܿቁ

ଶ
െ
൫2݊௣ீܯܩ ൅ 1/2൯ߨ

௣ܿଶ݉ܯܾ
൅
௕௢௡ௗܧ
݉௘ܿଶ

 

 
Using equations 10-1-15 and 10-1-18 yields  
Equation 10-1-19 
 

݇௘ ൎ ௣ܭ െ
ெܰܯܩ
ܽܿଶ ݏ݋ܿ ቆ

݉௘

݉௣
൫2݊௣ ൅ 1/2൯ߨቇ ൅ ௕௢௡ௗܧ ቆ

1
݉௘ܿଶ

െ
1

݉௣ܿଶ
ቇ

ൌ ௣ܭ െ 1.3 כ 10ିଵସܰܯெ ݏ݋ܿ ቀ0.00171൫2݊௣ ൅ 1/2൯ቁ ൅ ௕௢௡ௗܧ ቆ
1

݉௘ܿଶ
െ

1
݉௣ܿଶ

ቇ 

The value of ܰܯெ can be estimated from the rotational velocity of a typical spiral galaxy, shown 

in section VI-3 of chapter VI to be equal to ݑ ൎ ቀସீெேಾ
௔

ቁ
ଵ ଶ⁄

.  Thus, for a rotational velocity of 

ݑ ൌ ெܰܯ ,ܿ݁ݏ/݉݇ 300 ൎ ௔௨మ

ସீ
ൌ 1.92 כ 10଻݇݃, which is far smaller than the overall galactic 

mass by a factor of the order of at least 10ଷଷ.  Therefore, 

ܬ 0  ൏ ቚ1.3 כ 10ିଵସܰܯெ ݏ݋ܿ ቀ0.00171൫2݊௣ ൅ 1/2൯ቁቚ ൏ 2.5 כ 10ି଻ܬ and ଵ
ଶ
ቀ௨
௖
ቁ
ଶ
ൎ 5 כ 10ି଻ܬ.  

The magnitude of the term ܧ௕௢௡ௗ ൬
ଵ

௠೐௖మ
െ ଵ

௠೛௖మ
൰ depends on the quantum state of the hydrogen 

atom.  At the lowest ground state, ܧ௕௢௡ௗ ൌ െ13.6 ݁ݒ, and therefore െ13.6 ݁ݒ ൑ ௕௢௡ௗܧ ൏   .ݒ݁ 0

Consequently, 0 ܬ ൑ ௕௢௡ௗܧ ൬
ଵ

௠೐௖మ
െ ଵ

௠೛௖మ
൰ ൏ 2.656 כ 10ିହ ܬ.  As long as the value of 

ீ൫ଶ௡೛ାଵ/ଶ൯గ
௕௠೛௖మ

ቀெಸ
ெ
ቁ ب 2.7 כ 10ିହ ܬ, 

Equation 10-1-20 
 

௣ܭ ൎ ݇௘ ൎ 1 െ ீ൫ଶ௡೛ାଵ/ଶ൯గ
௕௠೛௖మ

ቀெಸ
ெ
ቁ     
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Substituting equation 10-1-20 in equation 10-1-7 (or equation 10-1-10b) yields the ࣦ shift for the 
hydrogen orbital lines (as well as for the 21 ܿ݉ line), given by 
Equation 10-1-21 

ࣦ ൌ
1
 ݇௘

െ 1 ൌ
1 െ ݇௘
݇௘

 ൎ

൫2݊௣ܩ ൅ 1/2൯ߨ
ܾ݉௣ܿଶ

ቀீܯ
ܯ ቁ

1 െ
൫2݊௣ܩ ൅ 1/2൯ߨ

ܾ݉௣ܿଶ
ቀீܯ
ܯ ቁ

 

 

Therefore, as long as 2.7 כ 10ିହ ا ீ൫ଶ௡೛ାଵ/ଶ൯గ
௕௠೛௖మ

ቀெಸ
ெ
ቁ ا 1,   

Equation 10-1-22 
 

ࣦ ൎ
൫2݊௣ܩ ൅ 1/2൯ߨ

ܾ݉௣ܿଶ
൬
ீܯ

ܯ ൰ 

 
where ݊௣ is an integer.  Note that ࣦ demonstrates periodic behavior with a periodicity of 
 
Equation 10-1-23 
 
 ࣦ௣௘௥௜௢ௗ௜௖௜௧௬ ൌ

ଶீగ
௕௠೛௖మ

ቀெಸ
ெ
ቁ  

 
Note that this intrinsic redshift is in addition to the expected redshift contributed by the velocity 
of the galaxy relative to the observer.   

Using equation 10-1-23, a redshift periodicity of ࣦ௣௘௥௜௢ௗ௜௖௜௧௬ ൌ
଻ଶ

ଷ଴଴଴଴଴
ൌ 2.42 כ 10ିସ, 

which is equivalent to the reported redshift velocity of 72 ݇݉/ܿ݁ݏ, leads to178 

ࣦ௣௘௥௜௢ௗ௜௖௜௧௬ ൎ ൬ ଶீగ
௕௠೛௖మ

൰ ெಸ
ெ
ൎ 3.093 כ 10ିସସ ெಸ

ெ
ൌ 2.42 כ 10ିସ.  To achieve a periodicity of 

ࣦ௣௘௥௜௢ௗ௜௖௜௧௬ ൌ 2.42 כ 10ିସ, the ratio of the overall galaxy mass and the dominating SHP mass ܯ 

is given by ெಸ
ெ
ൌ 7.825 כ 10ଷଽ. 

Similar calculations provide a value of  ெಸ
ெ
ൌ 3.9125 כ 10ଷଽ for the case of ݒ௭ ൌ  .ܿ݁ݏ/݉݇ 36

The above analysis, in addition to the fact that galaxies and galactic clusters are observed to 
produce a distinct set of redshifts with the same periodicity values shared by a significant 
number of unrelated galaxies, suggests that the ratios ெಸ

ெ
 between the mass of the galactic center 

and the mass of the SHP tend to assume specific values.  
 
 

                                                 
178 Note that the resultant periodicity of the redshift ࣦ௣௘௥௜௢ௗ௜௖௜௧௬ ൎ 2.42 כ 10ିସ is indeed larger than the value 2.7 כ 10ିହ by a 
factor of 10 (even at the lowest ݊௣ ൌ 1 value) and less than 1 for all 0 ൏ ݊௣ ൏ 4132, fullfilling, within this range, the conditions 
required for the assumption that ܭ௣ ൎ ݇௘ ൎ 1 െ ீேಾ௞గ

௕௠೛௖మ
ቀ ெಸ

ெேಾ
ቁ.   



 

196 
 

Section X-2: Unified Gravitation and the Redshifts of Quasars  
 

Quasars, or quasi-stellar objects, are astronomical objects that are observed to emit highly 
redshifted radiation.  According to the standard model of cosmology, large redshifts are 
interpreted as Doppler shifts, which lead to the following conclusions: 

1. The large radiation redshifts observed in quasars indicates that they must recede from 
us at very high speeds.  

2. More than 200,000 quasars are known with redshifts ranging between 0.06 and 6.5. 
Applying Hubble’s law, which indicates that the velocity at which various galaxies  
are receding from Earth is proportional to their distance from us, leads to the 
conclusion that the known quasars are located  between 790 million and 28 billion 
light years away from us, with most calculated to be over three billion light years 
away.  

3. As the brightness of an object reduces proportionally to the square of its distance 
from the observer, quasars are presumed to be extremely luminous objects, radiating 
at rates that can exceed the output of average galaxies.  

4. The great distances calculated between Earth and the known quasars lead to the 
conclusion that quasars were much more common in the early universe. 

 
The assumption that substantial redshifts are due exclusively to Doppler effects has led to far-
reaching conclusions.  This assumption was challenged by Halton Arp’s claim that the redshifts 
of quasars are not always an indication of their distances or their ages, as currently believed (Arp, 

1988).  Arp contested that many quasars with otherwise high redshifts can be linked to nearby 
objects of significantly lower redshifts, and are therefore nearby.  

According to special relativity, the masses of the electron ഥ݉௘ and the proton ഥ݉௣, as 
viewed by an external observer, cannot be negative, and therefore ݇௘ and ܭ௣ cannot be negative.  

In the case of sufficiently small values of  ெಸ
ெ

 and ݊௣, the term ீெಸ൫ଶ௡೛ାଵ/ଶ൯గ
௕ெ௠೛௖మ

 in equation 10-1-18 

is negligible, and ݇௘ may assume values greater or less than 1.  Thus, the object’s radiation 
frequency may either be blueshifted or redshifted due to gravitation.  On the other extreme, in the 
case of  ீெಸ൫ଶ௡೛ାଵ/ଶ൯గ

௕ெ௠೛௖మ
൐ ฬ1 ൅ ீெேಾ

௔௖మ
൬1 െ ݏ݋ܿ ൬௠೐

௠೛
൫2݊௣ ൅ 1/2൯ߨ൰൰ ൅ ଵ

ଶ
ቀ௨
௖
ቁ
ଶ
൅ ா್೚೙೏

௠೐௖మ
ฬ, ݇௘ of equation 10-1-

18 assumes a negative value, which is forbidden by special relativity.  The physical meaning of 
this discrepancy is that the given emitting atom lies within the horizon of the object, thus its 
radiation is trapped in a black hole and cannot reach the external observer. 

According to equation 10-1-18, at distance ranges where 
1 ൐ ீெಸ൫ଶ௡೛ାଵ/ଶ൯గ

௕ெ௠೛௖మ
ب ฬீெேಾ

௔௖మ
൬1 െ ݏ݋ܿ ൬௠೐

௠೛
൫2݊௣ ൅ 1/2൯ߨ൰൰ ൅ ଵ

ଶ
ቀ௨
௖
ቁ
ଶ
൅ ா್೚೙೏

௠೐௖మ
ฬ, 0 ൏ ݇௘ ൏ 1, and according to 

equation 10-1-7 (or 10-1-10b), the radiation redshift due to the gravitational interaction is given 
by ࣦ ൌ ଵ

 ௞೐
െ 1 ൐ 0. 
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The matter trapped by the object is expected to accumulate mainly in vicinity of the 
potential energy minima.  As noted above, at sufficiently high ݊௣ indices, the radiation is trapped 
within a black hole, and cannot escape or be detected by the distant observer.  Denote ݊௣,௠௔௫ as 

the largest even integer index at which ݇௘ ൎ 1 െ ߨ൫2௡೛,೘ೌೣ൅1/2൯ܩ
2ܿ݌ܾ݉

ቀܩܯ

ܯ
ቁ ൐ 0, where a minimum 

occurs.179  As the potential energy slope is especially steep near a black hole horizon, and as the 
minimum ݊௣,௠௔௫ is the closest minimum to the horizon, the density of ordinary matter in the 
vicinity of ݊௣,௠௔௫ is likely to be significantly greater than the density anywhere external to the 
horizon.  Hence, the redshift associated with the ݊௣,௠௔௫ minimum may dominate the observed 
spectrum.180 

Following equation 10-1-21, in the case where 1 ൐ ீ൫ଶ௡೛,೘ೌೣାଵ/ଶ൯గ
௕௠೛௖మ

ቀெಸ
ெ
ቁ ՜ 1, the 

redshift of the observed radiation will approach infinity.  In cases where, in addition, 2 ൏
݊௣,௠௔௫ ൏ 4, most of the radiation emitted by the star is extremely redshifted, as observed in 
quasars.  Thus, the astronomical object is expected to provide an intrinsic redshift that is 
significantly larger than the Doppler redshift created by the object’s velocity relative to the 
observer.  Therefore, according to the theory of unified gravitation, it is very possible that Arp’s 
claim is in fact true, and that at least some of the observed quasars may be substantially closer, 
younger, smaller and less luminous than currently believed. 

 
  

                                                 
179 Therefore, ݊௣,௠௔௫ is the largest even integer where ݇௘ ൎ 1 െ ீ൫ଶ௡೛,೘ೌೣାଵ/ଶ൯గ

௕௠೛௖మ
ቀெಸ

ெ
ቁ ൐ 0 and where the minimum is not washed 

out by the contribution of the object’s ordinary matter.    
180 Note that the effect of the SHP rotation as well as the Doppler effect due to the relative speed between the distant galaxy and 
the observer, or due to the velocity of the emitting atom relative to the center of galaxy, are assumed in the present case to be 
relatively small.    
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Chapter XI:   The UG Theory and Deep Inelastic Scattering (DIS) 
  

Deep inelastic scattering experiments (DIS) provided the initial motivation for the 
development of a hadron constituent model.  Deep inelastic electron-proton scattering 
experiments of the 1960s181 revealed a surprising weak fall-off of the deep inelastic cross 
sections with increasing ݍଶ and exhibited a scaling behavior previously predicted by Bjorken 
(Bjorken, 1969).   Both observations strongly suggested the existence of a substructure in protons and 
neutrons.  A preceding constituent model proposed by Richard Feynman offered a simple 
dynamical interpretation of the DIS results.  Feynman postulated partons as the elementary 
constituents of hadrons, yet specified their identity only as far as basic particles relating under 
the strong interaction. Further development linked the parton model with the concept of quarks. 
Quarks, which were proposed independently by Gell-Mann (Gell-Mann, 1964) and Zweig as 
mathematically convenient building blocks of unitary symmetry, were the natural candidates for 
these elementary constituents. The early constituent quark model faced significant obstacles. To 
begin with, quarks had never been observed directly.  The fact that quarks were never observed 
should have been explained by very strong interactions in their final state. The theory, however, 
required that the constituents of hadrons behave as free particles during virtual photon 
absorption.  In addition, experimental results demanded significantly more than three 
constituents within the nucleon substructure.  Resolving these, as well as additional 
inconsistencies, led to enhancements in the quark model and to the development of quantum 
chromodynamics (QCD).  This resulted in a powerful, yet significantly more complex theory, 
postulating the additional concepts of gluons, colors, sea of quarks, quark confinement and the 
property of asymptotic freedom, with heavy reliance on renormalization techniques.   

The quark and QCD models seem to provide adequate explanations for all available 
experimental data.  Therefore, a choice has been made to first establish the credibility of the UG 
theory in the cosmic realm, where inconsistencies within the current theory are well documented.  
In this chapter, the UG theory will be employed on nuclear scale.  It will be shown that the UG 
zonal structure generated by the interaction between two massive particles creates a dynamic 
substructure that naturally leads to the observed large-angle scattering, as well as to the weak 
fall-off of the DIS cross section, and provides a scaling phenomenon that resembles Bjorken 
scaling.  Since the substructure is due to the interaction between a pair of particles, rather than 
due to constituent sub-particles, the UG theory does not require the assumption of quarks as real 
elementary particles.182  

Since the acceptance of quantum chromodynamics in the early 1970s, the quark structure 
of hadrons has become the dominant framework for theory development and experimental 
design.  As a result, a significant portion of data collected from deep inelastic scattering has 

                                                 
181 at the Stanford Linear Accelerator Center (SLAC) 
182 Note, however, that the UG theory does not necessarily contradict the existence of quarks as elementary constituents of 
hadrons.   
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generally been analyzed within this framework, and reflects its embedded assumptions. Some 
parameters commonly used in data presentation are 
Equation 11-1  

ܳଶ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
ఏ
ଶ
ቁ ൌ െݍଶ   

 
and 
Equation 11-2  

߯ ൌ
ܳଶ

ߥଶܿܯ2 ݕ    , ൌ
ߥ
଴ܧ

ൌ
ሺ1 െ ሻሻߠሺݏ݋ܿ

2    

 
where ݍ denotes the four-momentum transfer function, ܧ଴ represents the energy of the incident 
lepton, ܧ௙  represents the energy of the scattered lepton, ߥ provides the energy loss of the 
scattered lepton, or ߥ ൌ ଴ܧ െ  ߯ ,is the mass of the nucleon ܯ ,௙, θ indicates the scattering angleܧ
is the Bjorken scale variable, ݕ provides the fraction of the lepton’s energy loss in the rest frame 
of the nucleon, and ܿ is the speed of light.  Reported experimental data commonly provides the 
values of the nucleon structure functions ܨ௜ as functions of some of the above parameters, as 
demonstrated in figure 11-7.  According to the quark-QCD model, in the case of a high-energy 
DIS mediated by virtual photon exchange, the structure functions relate to the double differential 
cross section via the equation (see Devenish & Cooper-Sarkar, 2004) 
Equation 11-3  

݀ଶߪ
ݔଶ݀ݍ݀ ൌ

ଶߙߨ4

ܳସ߯
ሾሺ1 െ ,ଶሺ߯ܨሻݕ ܳଶሻ ൅ ,ଵሺ߯ܨଶݕݔ ܳଶሻሿ 

 
where α is the fine structure constant.  The experimental data is often presented in the form of 
the nucleon structure functions ܨଵ and ܨଶ after being subjected to a series of data processing 
routines, such as radiative corrections and Monte Carlo simulations, which are heavily dependent 
on the assumptions of the QCD model.  The incorporation of these underlying assumptions 
within the data complicates the ability to apply the data to a new theory with an entirely different 
set of assumptions.  Therefore, the following discussion will present evidence that the UG theory 
predicts DIS behavior using a related, yet not identical set of parameters. 

According to the QCD model, the strong force acts between quarks and is mediated by 
gluons, while lepton-nucleon interactions are viewed as an electromagnetic interaction between 
charged leptons and charged quarks within the nucleons.  Therefore, according to quantum 
chromodynamics, the fundamental process in DIS experiments is the electromagnetic scattering 
of two spin-1 2⁄  point-like particles.  In contrast, the UG model holds that there is no 
fundamental difference in the interactions between two nucleons, two leptons, or interactions 
involving a lepton and a nucleon.  All of the above particles have a charge,183 a mass and a spin, 
                                                 
183 The electrical charge is equal to േݍ௘ or 0, where ݍ௘ denotes the charge of a proton.  
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and are assumed to interact with each other in accordance with the theory of unified gravitation 
and the electromagnetic theory.184  According to the proposed UG model, the large scattering 
angles observed in high-energy collisions between a nucleon and a lepton are mainly attributed 
to the UG zone structure between the two colliding particles, rather than to electromagnetic 
interactions between the lepton and a hadron with a substructure composed of several elementary 
constituents.  Historically, the quark-parton model (QPM) grew out of an attempt to provide a 
simple model to explain the results of the early deep inelastic scattering experiments, where the 
function ܨଶ was discovered to be independent of ܳଶ at ߯ ൎ 0.25.  QPM assumes that the nucleon 
consists of non-interacting point-like particles which serve as scattering centers.  In contrast, 
according to the UG model, the UG gravitational field produced by the interaction between a 
rapidly approaching particle and a nucleon is viewed by the particle as an ‘onion’ with an infinite 
number of repulsive layers separated by attractive layers, where the layers consist of the potential 
energy maxima or minima respectively.  It will further be demonstrated that due to relativistic 
spacetime distortion, the shape and size of the ‘onion’ and its layers are strongly affected by the 
momentary speed of the approaching particle, and may change drastically as the speed of the 
particle is reduced near the point of closest approach during a DIS event.  The number of layers 
penetrated by the electron will be shown to depend mainly on the initial energy of the probing 
particle and on its impact parameter.  Therefore, the idea of scattering by a sea of quarks is 
replaced by the concept of scattering via some of an infinite number of UG zones, where the 
zonal indices that contribute to the scattering are mainly determined by the impact parameter and 
by the overall energy of the probing particle.   

The following analysis deals with a DIS collision between a nucleon and an electron.  
Note that the discussion is not limited to a collision between an electron and a nucleon, and may 
be extended to cover collisions between any two leptons, two nucleons, a lepton and a nucleon, 
or between any two massive particles.  However, the discussion is limited to cases where the 
probing particle survives the collision.  
 
Section XI-1-1: The Effect of the Velocity of Colliding Particles on Their UG Interaction 

 
Based on the second UG postulate, equation 2-1-1 is valid when the interaction between a 

nucleon and an electron is viewed in the rest frame of the nucleon.  For simplicity, the origin of 
the frame is set to coincide with the location of the nucleon.  According to special relativity, the 
rest mass of the electron ݉௘ and the distance ݎ should be replaced by ݉௘ߛሺݒሻ and ݎௗ ൌ

ටݎଶ െ ௩మ

௖మ
 צݎ Ԧ is the velocity of the electron relative to the nucleon andݒ ଶ respectively, 185 whereצݎ

is the distance component that is parallel to ݒԦ.  Figure 11-1 provides the initial geometry of an 
electron-nucleon scattering, where a highly relativistic electron with the initial velocity of 
                                                 
184 Note that this book does not deal with the weak force, which is viewed by the standard model as a separate force.  
185 To calculate ݎௗ, ݎଶ ൌ ଶצݎ ൅ ݎୄ ଶ ൅ צݎ contracts to צݎ ௫ଶ, whereݎ ⁄ሻݒሺߛ ௗଶݎ  , ൌ ଶצݎ ⁄ሻݒଶሺߛ ൅ ݎୄ ଶ ൅ ௗଶݎ ,௫ଶ.  Thusݎ ൌ ଶݎ െ ଶצݎ ൅

ଶצݎ ⁄ሻݒଶሺߛ ൌ ଶݎ െ ଶ൫1צݎ െ ௗݎ ሻ൯,  orݒଶሺିߛ ൌ ටݎଶ െ ௩మ

௖మ
 .ଶצݎ
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ݒ ൌ ௭ݒ ൌ  approaches the nucleon.  The contribution of the ܤ ଴ and an impact parameter ofݒ
nucleon to the UG potential energy of the electron is given by186  
Equation 11-4 

ܸீ ሺݎԦ, Ԧሻݒ ൌ െீ௠೐௠೛ఊሺ௩ሻ
௔

ቌ݁௔
ට௥మିೡ

మ

೎మ
௥צమൗ ݏ݋ܿ ቌ௕௠೐௠೛ఊሺ௩ሻ

ට௥మିೡ
మ

೎మ
௥צమ

ቍ െ 1ቍ       

  
where ݉௣ is the rest mass of the nucleon and  ݎ ൌ ඥݔଶ ൅ ଶݕ ൅ ଶݖ ൌ ඥݕଶ ൅  axis ݔ ଶ when theݖ
is selected to be perpendicular to the plane containing the vectors ݎԦ and ݒԦ.  Note that at non-
relativistic velocities, or when the vectors ݎԦ and ݒԦ are perpendicular, ݎ coincides with the 
distance between the electron and the nucleon.  At relativistic velocities, the true distance 
between these two particles is less than ݎ, and is further dependent on the magnitude and the 
direction of the relative velocity ݒԦ.  According to special relativity, only the distance component 
that is parallel to the relative velocity is contracted.  This parallel component is given by 
Equation 11-5 

צݎ ൌ ሻߠሺݏ݋ܿݎ ൌ ඥݎଶ െ ଶܤ ൌ ሺ1ݎ െ ሺݎ/ܤሻଶሻଵ ଶ⁄  
 

Therefore, the variable ݎԦ (or ݎ) should be considered as a parameter of the electron’s trajectory, 
rather than the distance between the electron and the nucleon.  In cases where the velocities are 
relativistic (and therefore, ݎ may not be equal to the actual distance as viewed in the inertial 
frame of the nucleon) ݎ will be referred to as the parametric distance, while the actual distance 
viewed in the nucleon’s inertial frame of reference will be referred to as the apparent distance. At 
distances where ݎ ب צݎ ,ܤ ൎ  and equation 11-4 reduces to ,ݎ
Equation 11-6 

ܸீ ሺݎԦ, Ԧሻݒ ൌ െ
ሻݒሺߛ௘݉௣݉ܩ

ܽ ቆ݁௔ఊሺ௩ሻ ௥⁄ ݏ݋ܿ ቆ
ܾ݉௘݉௣ߛଶሺݒሻ

ݎ ቇ െ 1ቇ 

 
 

                                                 
186 Note that in the general case, the electron’s potential energy ܸீ  depends on the vectors ݎԦ and ݒԦ.  However, in cases where it is 
clear that either צݒ or ୄݒ are relatively insignificant, the notation ܸீ ሺݎ, ீܸ ሻ orݒ ൫ݎ,  ሻ൯ may be used.  For example, seeݒሺߛ
equations 11-6 for the case of ୄݒ ൌ 0, or equation 11-7 for the case of צݒ ൌ 0).  In cases of non-relativistic velocity, where ܸீ  
becomes independent of ݒ, the notations ܸீ ሺݎ, ሻݒሺߛ ൌ 1ሻ or ܸீ ሺݎሻ may be used. 
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Figure 11-1a: An electron with an impact parameter of B approaches the nucleon at a velocity that corresponds with γሺݒሻ ൌ 10 
in the direction parallel to the ݖ axis.  At this speed, the potential energy due to the UG force is provided in cyan and the 
electromagnetic force is provided in red for the case where the nucleon is a proton.  The UG pattern (cyan) remains stable as long 
as the electron is located at sufficient distance from the nucleon and its velocity is about constant.  As the electron approaches the 
nucleon, its UG potential energy increases abruptly to equal the overall energy of the electron (at about 6.3 ݂݉), causing the 
electron to decelerate. As the electron’s velocity is reduced, the UG pattern and the Coulomb potential energy collapse toward the 
proton, demonstrating the folding of the zonal structure described in section XI-2-2.   
 
 

 
Figure 11-1b: Provides the contributions of the UG and the electromagnetic potential energy patterns as perceived by the 
electron after its speed is reduced to non-relativistic velocity, where γሺݒሻ ൌ 1.  
 

Of special interest is the point of closest approach ݎԦ௣௖௔ of the electron to the nucleon, 
measured in the particle accelerator’s frame of reference.  As  ݎԦ௣௖௔ is the closest point on the 
electron’s trajectory toward the nucleon, its parallel component ݎ௣௖௔צ must be equal to zero, and 
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ݖ
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the perpendicular component ݎ௣௖௔ୄmust be equal to ݎ௣௖௔ ൫ݎ௣௖௔ ൌ หݎԦ௣௖௔ห൯.  Therefore, in the 
vicinity of the point of closest approach, equation 11-4 reduces to 
Equation 11-7 

ܸீ ሺݎԦ, Ԧሻݒ ൌ െ
ሻݒሺߛ௘݉௣݉ܩ

ܽ ቆ݁௔ ௥⁄ ݏ݋ܿ ቆ
ܾ݉௘݉௣ߛሺݒሻ

ݎ ቇ െ 1ቇ 

 
At non-relativistic electron velocities, equation 11-4 becomes independent of ݒ and reduces to187 
Equation 11-8 

ܸீ ሺݎሻ ൌ ܸீ ሺݎԦ, Ԧሻݒ ൌ െீ௠೐௠೛

௔
ቀ݁௔ ௥⁄ ݏ݋ܿ ቀ௕௠೐௠೛

௥
ቁ െ 1ቁ    

 
It is important to realize that if the velocity of the electron remains relativistic throughout its 
entire journey, the scattering angle would be relatively small, and the scattering of the electron 
by the nucleon would not be highly inelastic (for example, see the trajectory of the electron in 
figure 11-3b, indicated in black).  On the other extreme, in cases of deep inelastic scattering at 

the limit where the energy lost by the electron ߥ ൌ ൫ܧ଴ െ ௙൯→ ∞ and ܳଶܧ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
஘
ଶ
ቁ ՜

∞, the velocity of the electron in the vicinity of the point of impact (or the point of closest 
approach), denoted ݒ൫ݎԦ௣௖௔൯, must become negligible, thus ߛ൫ݒ൫ݎԦ௣௖௔൯ ൯ ՜ 1 (see the electron 
trajectories in figure 11-3b, indicated in blue and green).188  Due to their importance, events that 
provide extremely high values of ߥ and ܳଶ will be classified as ‘high-loss deep inelastic events.’  

The maxima and minima of the electron’s potential energy can be derived via   
ሬሬԦܸீ׏ ሺݎԦ, Ԧሻݒ ൌ 0.  At non-relativistic velocities (which is the case in the immediate vicinity of the 

electron’s point of closest approach ݎԦ௣௖௔ during a high-loss DIS event), ߛ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1 and the 
potential energy minima and maxima occur only when 
  

 

Equation 11-9a 

                                                 
187 Note that at ࢠ ب ,ሬԦ࢘ሺࡳࢂ ሬԦ, the potential energy࢘ ሬሬԦ is perpendicular to࢜ or when ,࡮   .ሻሻ࢜ሺࢽ or) ࢜ and ࢘ ሬሬԦሻ is reduced to depend on࢜
At shorter distances, where ࢠ approaches the impact parameter ࡳࢂ ,࡮ becomes dependent on צ࢘ ,࢜ and ୄ࢘.  In the non-relativistic 
case, ࡳࢂ depends exclusively on ࢘.  Therefore, the notations ࡳࢂሺ࢘, ሻ࢜ሺࢽ ൌ ૚ሻ and ࡳࢂሺ࢘ሻ will be used interchangeably 
throughout this chapter.  
188 The logic behind this statement is as follows: The initial energy ܧ଴ of the electrons is fixed by the experimental setup.  
ܳଶ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ

஘
ଶ
ቁ increases as ܧ௙ increases and as θ ՜ π.  The energy loss of the scattered electron ߥ ൌ ൫0ܧ െ  ൯ is not݂ܧ

directly dependent on the scattering angle θ, but increases with decreasing ܧ௙.  Thus, increasing ܧ௙ will increase ܳଶ and decrease 
 ଴, high values of bothܧ and vice versa.  Therefore, other than setting the highest possible value of the electrons’ initial energy ,ߥ
ߥ ൌ ൫0ܧ െ ൯ and ܳଶ݂ܧ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ

θ
ଶ
ቁ can be achieved when ܧ௙ is within a specific range of energy values, and when the 

scattering angle θ is as close as possible to π.  With this scattering geometry, the electron and the nucleon nearly undergo a head 
on collision, where the relative velocity of the electron nearly reduces to zero at the point of closest approach ݎԦ௣௖௔.  Hence, 
ߛ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1.  As will be discussed later on in the chapter, the electron in such a case is effectively scattered by a hard sphere.  
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ሬሬԦܸீ׏ ൫ݎሬሬԦ, ሬሬԦ൯ݒ ൌ డ௏ಸ
డ௥

ݎ̂ ൌ ீ௠೐௠೛௘ೌ ೝ⁄

௥మ
൬ܿݏ݋ ቀ௕௠೐௠೛

௥
ቁ െ ௕௠೐௠೛

௔
݊݅ݏ ቀ௕௠೐௠೛

௥
ቁ൰ ݎ̂ ൎ 0  

 

Therefore, at the maxima or minima, ݊ܽݐ ቀܾ݉݁݉݌

ݎ
ቁ ൎ ௔

݌ܾ݉݁݉
, or  

Equation 11-9b 

௡ݎ ൎ
ܾ݉௘݉௣

ߨ݊ ൅ ሺΩሻ݊ܽݐܿݎܽ Ω ݁ݎ݄݁ݓ   ൌ
ܽ

ܾ݉௘݉௣
 

 
At distances where the velocity of the electron is relativistic, the distortion of spacetime may 
introduce ܸீ  dependency on ߠ through the velocity terms, and may modify the dependency of 
the potential energy ܸீ  on the parametric distance ݎ as well.  As the velocity has no component 
along the inclination angle, ܸீ  does not depend on ߮, and therefore డ௏ಸ

డఝ
ൌ 0.  At distances ݎ ب

ீܸ the dependency of ,ܤ  on the azimuth angle ߠ becomes insignificant, leading to approximately 
డ௩
డఏ
ൌ 0 and డ௏ಸ

డఏ
ൌ 0.  Therefore, at ݎ ب ሬԦܸீߘ  ,ܤ ൎ ௗ௏ಸ

ௗ௥
ൌ డ௏ಸ

డ௥
൅ డ௏ಸ

డ௩
డ௩
డ௥

 .  However, at the maxima 

or minima of the potential energy, ߘሬԦܸீ ൌ 0, and the force and acceleration must be equal to zero.  
Zero acceleration leads to డ௩

డ௥
ൌ 0, resulting in ׏ሬሬԦܸீ ൎ ௗ௏ಸ

ௗ௥
ൌ డ௏ಸ

డ௥
ൌ 0.  Consequently, the maxima 

or minima of ܸீ  at parametric distances of ݎ ب  where the velocity of the electron is ,ܤ
relativistic, comply approximately with 
Equation 11-10a 

ሬሬԦܸீ׏ ൫ݎሬሬԦ, ሬሬԦ൯ݒ ൌ డ௏ಸ
డ௥

ݎ̂ ൌ ீ௠೐௠೛ఊమሺ௩ሻ௘ೌംሺೡሻ ೝ⁄

௥మ
ቆܿݏ݋ ቀ௕௠೐௠೛ఊమሺ௩ሻ

௥
ቁ െ ௕௠೐௠೛ఊሺ௩ሻ

௔
݊݅ݏ ቀ௕௠೐௠೛ఊమሺ௩ሻ

௥
ቁቇ ݎ̂ ൌ 0  

 

Therefore, at the maxima or minima, ݊ܽݐ ቀ௕௠೐௠೛ఊమሺ௩ሻ
௥

ቁ ൎ ௔
௕௠೐௠೛ఊሺ௩ሻ

, or   

Equation 11-10b 

௡ݎ ൎ
௕௠೐௠೛ఊమሺ௩೙ሻ
௡గା௔௥௖௧௔௡ሺΩ౤ሻ

    

 
where Ω୬ ൌ

௔
௕௠೐௠೛ఊሺ௩೙ሻ

 for the case of ݎ௡ ب  Note that at non-relativistic velocities, equations  .ܤ

11-10a and b reduce to equations 10-9a and 10-9b respectively.  Similarly, in the case where ݎԦ is 
perpendicular to the relativistic velocity of the electron,   
Equation 11-11 

ሬሬԦܸீ׏ ൫ݎሬሬԦ, ሬሬԦ൯ݒ ൌ డ௏ಸ
డ௥

ݎ̂ ൌ ீ௠೐௠೛ߛሺݒሻ௘ೌ ೝ⁄

௥మ
൬ܿݏ݋ ቀ௕௠೐௠೛ߛሺݒሻ

௥
ቁ െ ௕௠೐௠೛ఊሺ௩ሻ

௔
݊݅ݏ ቀ௕௠೐௠೛ߛሺݒሻ

௥
ቁ൰ ݎ̂ ൎ 0  

 
Therefore, in the case where ݎԦ is perpendicular to the relativistic velocity of the electron,   
maxima or minima occur when 
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݊ܽݐ ቀܾ݉݁݉݌ఊሺ௩ሻ
ݎ

ቁ ൎ ௔
ሻݒሺߛ݌ܾ݉݁݉

   

 
where ݎ௡ ب ሻ݊ݎԦሺݒ and ܤ ٣   Ԧ݊, orݎ
Equation 11-12 

௡ݎ ൎ
௕௠೐௠೛ఊሺ௩೙ሻ

௡గା௔௥௖௧௔௡ሺΩ౤ሻ
    

 
where ߗ௡ ൌ

௔
௕௠೐௠೛ఊሺ௩೙ሻ

.  Note, however, that at distances less than or of the order of the 

electron’s impact parameter ܤ, the azimuth angle ߠ starts to vary substantially along the 
trajectory of the electron.  Consequently, at these small distances, equations 11-10 to 11-12 are 
not entirely accurate for relativistic electron velocities, while 11-9a and 11-9b remain accurate at 
non-relativistic velocities.   
 
Section XI-1-2: The Effect of Quantum Mechanics on DIS 
 

Before diving deeper into a UG analysis of deep inelastic scattering, it is important to 
determine the highest level of precision that can be achieved in calculating how close the 
electron came to the nucleon.  The natural tendency is to assume that the quantum uncertainty 
principle restricts the level of precision of this distance.  This is the case, according to quantum 
mechanics, when the forces acting between the particles are Newton’s gravitational force and/or 
the electromagnetic force.  However, this is not the case for the exponential UG force. 

As discussed above, the velocity of the probing electron of a high-loss deep inelastic 

event (an event where ܳଶ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
஘
ଶ
ቁ ՜ ∞ and ߥ ൌ ൫ܧ଴ െ -௙൯→ ∞) should become nonܧ

relativistic ቀߛ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1ቁ at the point of closest approach ݎԦ௣௖௔.  Given a high-loss DIS 

event, ݎԦ௣௖௔ is located between the ݊ െ 1 minimum and the ݊௧௛ maximum of the most external 
zone indexed ݊ with potential energy maximum higher than the local overall energy of the 
electron.  The UG potential energy of the electron at the ݊௧௛ maximum can therefore be 
calculated by substituting equation 11-9b in equation 11-8, providing 
Equation 11-1-1 

ܸீ ,௡ ൌ െ
௘݉௣݉ܩ

ܽ ൫݁௔൫௡గା௔௥௖௧௔௡ሺΩሻ൯ ൫௕௠೐௠೛൯ൗ ߨ൫݊ݏ݋ܿ ൅ ሺΩሻ൯݊ܽݐܿݎܽ െ 1൯ 

 
Given the high level of energy required for deep inelastic scattering, the term െ1 is negligible 
relative to the exponent, thus 
Equation 11-1-2 

ܸீ ,௡ ൌ
௘݉௣݉ܩ

ܽ ݁௔൫௔௥௖௧௔௡ሺΩሻ൯ ൫௕௠೐௠೛൯ൗ ሺΩሻ൯ሺെ1ሻ௡ାଵ݁௔௡గ݊ܽݐܿݎ൫ܽݏ݋ܿ ൫௕௠೐௠೛൯⁄  
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or  
Equation 11-1-3a 

ܸீ ,௡ ൌ ൫݉௘,݉௣൯ሺെ1ሻ௡ାଵ݁௔௡గܣ ൫ܾ݉݁݉݌൯⁄   
 
where ܣ൫݉௘,݉௣൯ ൌ

ீ௠೐௠೛

௔
݁௔൫௔௥௖௧௔௡ሺΩሻ൯ ൫௕௠೐௠೛൯ൗ  ሺΩሻ൯.  Maxima occur when the integer ݊ is݊ܽݐܿݎ൫ܽݏ݋ܿ

odd, thus ሺെ1ሻ௡ାଵ ൌ 1.  Therefore, the potential energy at the nearest maximum is 
approximately given by 
Equation 11-1-3b 

ܸீ ,௡ ൌ ൫݉௘,݉௣൯݁௔௡గܣ ൫ܾ݉݁݉݌൯⁄   
  

In the case of a neutron, the electromagnetic interaction between the probing electron and the 
neutron is zero.  In the case of a proton, the electromagnetic potential energy at the point of 
closest approach is given approximately by the Coulomb equation at the nearest maximum 
indexed ݊,  
Equation 11-4 

  ாܸ ൌ
௄௤೐మ

ට௥మିೡ
మ

೎మ
௥צమ
  

 

which can be reduced to ௄௤೐
మ

௥
 at non-relativistic electron velocities.  

ாܸ is a monotonic function of the parametric distance ݎ and does not have any maxima or 
minima.  Consequently, the value of ாܸ at the ݊௧௛ maximum or minimum of the UG potential 
energy ܸீ  in the case of a non-relativistic electron velocity is given by 
Equation 11-1-5 

ாܸ,௡ ൌ
ߨଶ൫݊ݍܭ ൅ ሺΩሻ൯݊ܽݐܿݎܽ

ܾ݉௘݉௣
 

 
The uncertainty principle restricts the certainty of simultaneously measuring the electron’s 
momentum and position via the inequality ∆݌௜∆ݔ௜ ൒

԰
ଶ
 , where ݅ denotes the coordinates of ݕ ,ݔ 

or ݖ.  The uncertainty of the location of the electron Δ  can be approximated by Δ ൎ ݎ2 ൌ

ට∑ ௜ଶଷݔ∆
௜ୀଵ ൎ ௜ݔ∆ ௜, orݔ∆3√ ൎ

ଶ௥
√ଷ

.  A similar calculation will yield ∆ܧ ൎ ܿ∆ܲ ൎ   .௜݌∆3√ܿ

Therefore, the amount of kinetic energy required by the uncertainty principle is given by 
 

ܧ∆ ൎ c√3∆݌௜ ൎ
√3԰ܿ
௜ݔ∆2

ൎ
3԰ܿ
ݎ4  

 



 

207 
 

At the maxima and minima of ாܸ, 
Equation 11-1-6 

ܧ∆ ൎ
3԰ܿ൫݊ߨ ൅ ሺΩሻ൯݊ܽݐܿݎܽ

4ܾ݉௘݉௣
 

 
In figure 11-2 the absolute value of the UG gravitational potential energy of the electron หܸீ ,௡ห of 
equation 11-1-2 is displayed in blue, the absolute value of the electromagnetic potential of the 
electron | ாܸ| of equation 11-1-5 is displayed in red, and the absolute value of the uncertainty of 
the amount of energy due to the uncertainty principle |∆ܧ| of equation 11-1-6 is provided in 
violet, as functions of the zonal index ݊.189  
 
 

 
Figure 11-2  

 
As demonstrated in the figure, below ݊ ൌ 73 the UG force is virtually zero, and is thus 
negligible relative to the Coulomb force in the case where the interacting nucleon is a proton.190  
Moreover, throughout the range of distances associated with the maxima and minima ݊ ൌ 0 to 
݊ ൌ 76, the uncertainty principle forces the energies to become so high that any effort to 
accurately localize the electron in relation to the nucleon is doomed to fail.  However, due to the 
rapid exponential growth of the UG interaction, the UG potential energy dominates over the 
Coulomb interaction at ݊ ൐ 73, and over the kinetic energy associated with the uncertainty 
principle at ݊ ൐ 76,  which is roughly associated with energy levels above 0.4 ݒ݁ܩ.  At energies 
higher than or of the order of 1 ݒ݁ܩ (for ݊ ൐ 76), quantum effects become negligible and the 
                                                 
189 Using equation 11-9b (or equation 11-12, where γሺvሻ ൌ 1) leads to ܽ݊ܽݐܿݎሺߗሻ ൎ  .݀ݎ 0.394
190 Note that the distance between the electron and the nucleon increases with decreasing ݊.  

݊ 

UG potential 
energy ௚ܸ,௡ 

  due to ܧ∆
uncertainty 
principle  

Coulomb potential energy  ாܸ,௡ 

 ݏ݈݁ݑ݋݆  
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scattering can be localized and viewed using classical physics methodology, thus making it 
possible to locate the zone of closest approach in spite of the uncertainty principle.191  
Consequently, classical (non-quantum) methodology should provide a reasonable approximation 
and will be used here for the analysis of high-energy DIS events. 
 
Section XI-2-1: The Effect of Special Relativity on the Range of the UG Interaction 
 

According to equation 11-8 for the non-relativistic case ሺݒ ا ܿሻ, the strength of the UG 
interaction between two nucleons, or between a nucleon and an electron at a distance of ݎ ൐
1.5 כ 10ିଵହ ݉ is negligible.  Therefore, the effective range of the UG force on the nuclear scale, 
for the case of non-relativistic electrons, is less than 1.5 כ 10ିଵହ ݉.  Consequently, a non-
relativistic electron of an impact parameter of ܤ ذ 1.5 כ 10ିଵହ ݉ would demonstrate exclusively 
an electromagnetic interaction with a proton, and virtually no interaction with a neutron.  Under 
these conditions, the interaction is too weak to create substantial inelastic scattering.  According 
to equation 2-1-1 and 2-1-2, at non-relativistic velocities the UG interaction is comprised of a 
central force that is independent of the speed of the electron relative to the nucleon.  However, as 
shown in equations 11-4, 11-6 and 11-7, at relativistic velocities the UG potential energy is 
indirectly dependent on the electron’s velocity due to relativistic spacetime distortions and due to 
relativistic mass–energy equivalence.  Therefore, at parametric distances where a low-velocity 
electron is anticipated to remain unaffected by its UG interaction with the nucleon, a relativistic 
electron may be significantly influenced.  Hence, the effective range of the UG interaction may 
depend heavily on the relative velocity of the electron. 
 Consider an electron moving toward a nucleon with a kinetic energy of 1 ݒ݁ܩ ൌ 1.602 כ
10ିଵ଴ ܬ at a sufficiently large distance that the overall potential energy of the electron is 
negligible.192  The Lorentz factor ߛሺݒ଴ሻ of the electron before the impact with the nucleon is 
therefore given by 
Equation 11-2-1 

଴ሻ݉௘ܿଶݒሺߛ ൎ 1.602 כ 10ିଵ଴ ܬ, or ߛሺݒ଴ሻ ൌ 1953.9  (or approximately ߛሺݒ଴ሻ ൌ 2000ሻ 
 

In the case of highly relativistic electrons, the effect of the electromagnetic interaction on 
the value of the Lorentz factor ߛ is relatively small, even for the case of interaction with a proton.  
According to equation 11-5, at distances of ݎ ب  the velocity of the electron is virtually parallel ܤ
to the ݎԦ vector.  Therefore, the distance between the electron and the proton measured in the rest 

                                                 
191 Note that this analysis does not imply that the electromagnetic interaction and the uncertainty principle are completely 
negligible at ݊ ൐ 76, as they may still bear some influence on the zero intersections of the gravitational potential energy ܸீ .  In 
addition, the electromagnetic force may pull the electron closer to the nucleon, thereby reducing its impact parameter.  As 
previously noted, the impact parameter plays a crucial role in determining the outcome of the DIS event.   
192 Note that the rest mass energy of the electron (of about 0.511 ݒ݁ܯ) is relatively negligible.   
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frame of the proton is given by ߛ/ݎ൫ݒሺݎሻ൯.193  According to equation 11-6, the distance ݎ௖ at 
which the UG interaction is about equal to the electromagnetic interaction is given by 
Equation 11-2-2a 

௖ሻ൯ݎሺݒ൫ߛ௣݉௘݉ܩ
ܽ ݁௔ఊ൫௩ሺ௥೎ሻ൯ ௥೎⁄ ൎ

௖ሻ൯ݎሺݒ൫ߛ௘ଶݍ݇
௖ݎ

 

 
or 
Equation 11-2-2b 

ܽ
௖ݎ
ൎ ௖ሻ൯ݎሺݒଵ൫ିߛ ቈln ቆ

௘ଶݍ݇

௣݉௘݉ܩ
ቇ ൅ ݈݊ ൬

ܽ
௖ݎ
൰቉ 

 
The equation may be solved for ܽ ⁄௖ݎ  by either a titration technique, or via graphical calculator.  
For the case of a non-relativistic electron (ߛ൫ݒሺݎ௖ሻ൯ ൌ 1), the solution of equation 11-2-2b 
provides  
 Equation 11-2-2c 

௔
௥೎
ൎ 95.1757  or ݎ௖ ൎ

௔
ଽହ.ଵ଻ହ଻  

ൎ 0.6 כ 10ିଵହ ݉ 

 
Therefore, at distances of less than 0.6 כ 10ିଵହ ݉, the UG interaction between a proton and a 
non-relativistic electron (relative to the proton) becomes stronger than the electromagnetic 
interaction between them, yet becomes weaker than their electromagnetic interaction at distances 
greater than 0.6 כ 10ିଵହ ݉.  The same calculation shows that the range of the UG dominance is 
extended by a factor of about 2,172 to 1.3 כ 10ିଵଶ ݉  in the case of a relativistic electron, where 
௖ሻ൯ݎሺݒ൫ߛ  ൌ 2,000. 
 
Section XI-2-2: DIS and the Relativistic Effect of the Folding and Unfolding of the 
Particles’ Zonal Structure 
 

In high-energy head on collisions, a large amount of energy is converted to potential 
energy by the electron as it encounters the point of closest approach with the nucleon.  During 
this process, the momentum and the velocity of the electron relative to the particle accelerator’s 
frame of reference are drastically reduced.  To preserve the overall momentum, the nucleon’s 
momentum, and therefore velocity, must increase significantly.  However, since the nucleon is 
strongly bonded to other nucleons within the atomic nucleus, and the atom itself is bonded to 
other atoms or molecules, a substantial portion of the transferred energy and momentum are 
dispersed to the surrounding nucleons and molecules.  These losses of energy and momentum, as 
well as additional loss of energy and momentum in the form of radiation, result in an inelastic 

                                                 
193 Note that at DIS events the nucleon demonstrates substantial acceleration.  Consequently, its rest frame can be inertial for only 
a brief period of time.  
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scattering, where the final energy of the electron (as viewed in either the reference frame of the 
particle accelerator or of the nucleon) reduces significantly.  The amount of change in the energy 
and momentum of the electron depends strongly on its initial energy and momentum, and on its 
impact parameter. The explosive growth of the exponential term of equation 11-4 as a function 

of ௔

ට௥మିೡ
మ

೎మ
௥צమ

 at distances of ටݎଶ െ ௩మ

௖మ
ଶצݎ ا ܽ, as well as the sharp increase in the frequency of 

the oscillations of the cosine term as ݎ ՜ 0, cause the trajectories of the probing electrons to 
behave in a chaotic manner.  This behavior appears to be random, as a minute difference in an 
electron’s initial impact parameter or velocity may result in drastically different scattering 
angles, as well as in a different final momentum and energy.  Therefore, although the overall 
magnitude of the electromagnetic interaction in high-energy deep inelastic scattering is very 
small compared with the UG interaction, the electromagnetic effect may be significant in such a 
chaotic system, where a tiny perturbation may result in an entirely different trajectory.  
Consequently, regardless of the fact that the initial energy and momentum of all of the electrons 
in the beam are virtually identical, the trajectories of different electrons may vary considerably.  
Thus, the point of closest approach between different electrons, and their amount of energy and 
momentum at these points, may vary substantially.  In experiments using particle accelerators the 
velocities of the probing electrons within a beam are all virtually equal.  Therefore, the most 
influential factor in determining the characteristics of the scattering event is the impact parameter 
    .of the electron, and to a lesser degree, whether the nucleon is a proton or a neutron ܤ
 In cases where the impact parameter of the electron is sufficiently small, the electron will 
approach the first impenetrable maximum barrier, where the electron’s potential energy at its 
peak exceeds the overall energy of the electron.  This outer maximum is expected to have an odd 
integer index, denoted as the ݇஻ maximum.  As the overall energy of the electron is insufficient 
to penetrate the ݇஻ barrier, the electron will either be deflected to the side or scattered backward 
by the barrier, in either case demonstrating a large scattering angle and a substantial loss of 
energy.  In high-energy DIS collisions, the rate of reduction of the UG amplitude as a function of 
an increasing parametric distance ݎ is high, and the slopes of the barrier at high zonal indices are 
extremely steep.  Consequently, the electron’s energy must have been greater than the maxima of 
most of the preceding zonal maxima encountered prior to the point of closest approach, and the 
electron’s trajectory should have been minimally affected by the majority of these preceding 
zones.  Therefore, the electron will be scattered by the ݇஻ maximum zone in the same manner as 
it would be scattered by a hard object of the same approximate shape as the contour of the ݇஻ 
zone barrier, where the electron’s kinetic energy is equal to zero.  

The UG zonal structure generated by the interaction between the nucleon and the electron 
consists of an infinite series of concentric barriers around the nucleon, where the height and 
density of the barriers approach infinity as ݎ ՜ 0.  At non-relativistic velocities, these concentric 
barriers are spherical and their distance from the nucleon is independent of the electron’s 
velocity.  However, in the case of relativistic electron velocities (relative to the nucleon), the 
shape of the barriers begins to resemble a series of elongated ellipses, where their major axes are 
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aligned perpendicular to the velocity of the electron.  The heights and locations of these barriers, 
which are fixed in the case of non-relativistic electron velocities, become highly dependent on 
the speed of the electron at relativistic electron velocities.  

According to equation 11-5, at parametric distances ݎ ب צݎ ,ܤ ൌ ݎୄ and ݎ ൎ ܤ ا   .ݎ
Therefore, the potential energy of the electron is given by equation 11-6, and the coordinates of 
the potential energy maxima (at odd ݇) and minima (at even ݇) are given by 11-10b, or ݎ௞ ൎ
௕௠೐௠೛ఊమሺ௩ೖሻ

௞గା௔௥௖௧௔௡ሺΩౡሻ
, where Ω୩ ൌ ܽ

௕௠೐௠೛ఊሺ௩ೖሻ
.  For a high-loss deep inelastic scattering event with a large 

deflection angle to occur, the electron’s potential energy at the barrier maximum must match or 
exceed its overall energy at the point of impact.194  The equations may be simplified by defining 

the function ݄ሺݎሻ ൌ ఊ൫௩ሺ௥ሻ൯
ఊሺ௩బሻ

.  Since the lowest possible value for the Lorentz factor is ߛሺݒሻ ൌ 1, 

݄ሺݎሻ ൒  ሻ is typicallyݎ଴ሻ, and as the electron is expected to lose energy in a DIS event, ݄ሺݒሺߛ/1
less than 1.  Denote ݍ௡ as the electric charge of the nucleon and define ܧ௅ሺݎሻ as the amount of 
energy lost by the electron by the time it arrived at the parametric distance ݎ (when viewed in the 
rest frame of the nucleon).195  Using equation 11-6 for the UG potential energy, the overall 
energy of the electron at any given parametric distance ݎ ب  along its trajectory is given by ܤ
Equation 11-2-4 

,ݎ൫ܧ ሻ൯ݒሺߛ ൌ െ
଴ሻݒሺߛሻݎ௘݉௣݄ሺ݉ܩ

ܽ ቆ݁௔௛ሺ௥ሻఊሺ௩బሻ ௥⁄ ݏ݋ܿ ቆ
ܾ݉௘݉௣݄ଶሺݎሻߛଶሺݒ଴ሻ

ݎ ቇ െ 1ቇ െ
଴ሻݒሺߛሻݎ௡݄ሺݍ௘ݍ݇

ݎ
൅ ݄ሺݎሻߛሺݒ଴ሻ݉௘ܿଶ ൅ ሻݎ௅ሺܧ ൌ  ଴ሻ݉௘ܿଶݒሺߛ

 
Where, the small contribution of the particles’ spin is neglected.  

At DIS events, the UG maxima must be located at sufficiently short distances, where the 

Coulomb term ௞௤೐௤೙௛ሺ௥ሻఊሺ௩బሻ
௥

 is negligible relative to the UG potential energy.  Furthermore, at 
such high energies the െ1 term within the parentheses is insignificant compared with the large 
exponent term required for DIS and can be dropped. 

  In cases where the energy of the electron on impact is just short of being equal to its 
potential energy at the ݇௧௛ zonal maximum, as viewed in the rest frame of the nucleon, we can 

substitute ݎ ൌ ௞ݎ ൎ
௕௠೐௠೛ఊమሺ௩ೖሻ
௞గା௔௥௖௧௔௡ሺఆೖሻ

ൌ ௕௠೐௠೛௛మሺ௥ೖሻఊమሺ௩బሻ

௞గା௔௥௖௧௔௡൬ ܽ
0ሻݒሺߛ೓൫ೝೖ൯݌ܾ݉݁݉

൰
  (where ݇ is an odd positive integer) 

in equation 11-2-4 to provide 
 
 
 

                                                 
194 Note that in deep inelastic scattering, the energy associated with the electron’s rest mass is negligible relative to its overall 
energy and therefore can be neglected.  
195 As the nucleon is accelerated significantly during the DIS event, its rest frame is not inertial, and consequently, the overall 
energy and momentum of the system is not preserved.  Therefore, ܧ௅ሺݎሻ ് 0 is possible.  While this frame of reference is not 
inertial over the entire period of the DIS event, it can be viewed as an inertial frame at any parametric distance ݎ for a brief period 
of time.  Therefore, equation 11-2-4 is valid. 
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Equation 11-2-5 

଴ሻݒሺߛ௞ሻݎ௘݉௣݄ሺ݉ܩ
ܽ ݁

௔൭௞గା௔௥௖௧௔௡ቆ ௔
௕௠೐௠೛௛ሺ௥ೖሻఊሺ௩బሻ

ቇ൱

௕௠೐௠೛௛ሺ௥ೖሻఊሺ௩బሻ ݏ݋ܿ ൭ܽ݊ܽݐܿݎ ቆ
ܽ

ܾ݉௘݉௣݄ሺݎ௞ሻߛሺݒ଴ሻ
ቇ൱

ൌ ൫1 െ ݄ሺݎ௞ሻ൯ߛሺݒ଴ሻ݉௘ܿଶ െ  ௞ሻݎ௅ሺܧ
 

Multiplying both sides by ቀீ௠೐௠೛௛ሺ୰ౡሻఊሺ௩బሻ௖మ

௔
ቁ
ିଵ

 and then taking the log of both sides of the 

equation yields 
Equation 11-2-6 

ܽ ൭݇ߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣݄ሺr୩ሻߛሺݒ଴ሻ

൰൱

ܾ݉௘݉௣݄ሺr୩ሻߛሺݒ଴ሻ

ൌ ݈݊ ቆ
ܽܿଶ

௣݉ܩ
ቇ െ ݈݊ቌܿݏ݋ ൭ܽ݊ܽݐܿݎ ቆ

ܽ
ܾ݉௘݉௣݄ሺr୩ሻߛሺݒ଴ሻ

ቇ൱ቍ െ ݈݊൫݄ሺr୩ሻ൯ ൅ ln ൫1 െ ݄ሺr୩ሻ൯

൅ ݈݊ ቆ1 െ
௅ሺr୩ሻܧ

൫1 െ ݄ሺr୩ሻ൯ߛሺݒ଴ሻ݉௘ܿଶ
ቇ 

 
The point of closest approach, denoted as ݎԦ௣௖௔, generally occurs in the case of DIS 

somewhere within the ݇஻ zone, but is assumed for the moment to occur very close to the ݇஻
௧௛ 

zonal maximum.  Therefore, at this point in space and time, צݎ ൌ 0 and ୄݎ ൌ  ,௣௖௔.  Consequentlyݎ
 ௣௖௔ provides the actual distance between the electron and the nucleon, as viewed in the restݎ
frame of the nucleon.  In the general case, the electron’s velocity ݒ൫ݎԦ௣௖௔൯ may be substantial, or 
even relativistic, and the resultant electron scattering would not be highly inelastic.  However, as 

discussed, for a DIS event to occur where ܳଶ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
ఏ
ଶ
ቁ ՜ ∞ and ߥ ൌ ൫ܧ଴ െ  ,∞→௙൯ܧ

the electron should become non-relativistic at the point of closest approach ݎ௣௖௔, with 

ߛ ቀݒ൫ݎ௣௖௔൯ቁ ൌ 1 and ݄൫ݎ௣௖௔൯ ൌ 1 ⁄଴ሻݒሺߛ .  Therefore, ฬܽ݊ܽݐܿݎ ൬ ௔
௕௠೐௠೛௛൫௥೛೎ೌ൯ఊሺ௩బሻ

൰ฬ ൌ ݊ܽݐܿݎܽ ൬ ௔
௕௠೐௠೛

൰ ൌ

0.3936, ݈݊ ൭ܿݏ݋ ቆܽ݊ܽݐܿݎ ൬ ௔
௕௠೐௠೛௛൫௥೛೎ೌ൯ఊሺ௩బሻ

൰ቇ൱ ൌ ݈݊ ൭ܿݏ݋ ቆܽ݊ܽݐܿݎ ൬ ௔
௕௠೐௠೛

൰ቇ൱ ൌ  െ0.0796, and ݈݊ ൬ ௔௖
మ

ீ௠೛
൰ ൌ

93.628. 
  As almost all of the energy of the electron is delivered to the nucleon, while a 

significant portion of the nucleon’s energy dissipates into the network of surrounding nucleons, 
atoms and molecules, the electron’s loss of energy ܧ௅൫ݎԦ௣௖௔൯ must be substantial.  The energy loss 
 Ԧ௣௖௔൯ may cause the electron to stop its forward motion toward the nuclei earlier, at a moreݎ௅൫ܧ
external repulsive zone, and may consequently lower the value of ݇஻.  Substituting the above 
equalities in equation 11-2-6 yields 
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Equation 11-2-7 

݇௕ ൑
ܾ݉௘݉௣

ߨܽ ቈ݈݊ ቆ
ܽܿଶ

௣݉ܩ
ቇ ൅ 0.0796 െ ݈݊ሺ1 ⁄଴ሻݒሺߛ ሻ ൅ ݈݊ሺ1 െ 1 ⁄଴ሻݒሺߛ ሻ቉ െ

݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰

ߨ  

 
ൌ 0.766ሾ93.71 െ ݈݊ሺ1 ⁄଴ሻݒሺߛ ሻ ൅ ݈݊ሺ1 െ 1 ⁄଴ሻݒሺߛ ሻሿ െ 0.1253 

 
 For example, provided that ߛሺݒ଴ሻ ൎ 2000, the first maximum contour at which the 

potential energy of the electron exceeds its initial overall energy is indexed ݇௕ ൎ 77.  Note that 
energy losses may reduce ݇௕ to an odd ݇௕ ൑ 75.  Intuition would suggest that as the electron was 
stopped by the ݇௕ maximum, it should have passed through all minima and maxima of ݊ ൏ ݇௕, 
and could not have reached any of the minima and maxima of index ݊ ൐ ݇௕.  This will not be 
shown to be the case, however. While the electron indeed had to pass all minima and maxima of 
݊ ൏ ݇௕, it will be shown that the electron also had to pass maxima and minima between ݇௕ and 
݇ ب ݇௕.  

At parametric distances ݎ, where the potential energy of the electron is still small relative 
to its overall energy, ݒሺݎሻ ൎ  ሻ൯ is still approximately 1.  Therefore, noݎሺݒ଴; hence ݄൫ݒ

substantial energy loss has yet occurred, and ܧ௅ is negligible, leading to ாಽ
൫ଵି݄ሺ௥ೖሻ൯ఊሺ௩బሻ௠೐௖మ

ا 1.  

As ߛሺݒ଴ሻ ب 1, 
௔

0ሻݒሺߛሺ௥ೖሻ݄݌ܾ݉݁݉
ا 1, and consequently, 0 ൏ ݊ܽݐܿݎܽ ൬ ௔

0ሻݒሺߛሺ௥ೖሻ݄݌ܾ݉݁݉
൰ ا 1.  Following 

equation 11-2-6, 
Equation 11-2-8  

݇ ൎ
ܾ݉௘݉௣݄ሺݎ௞ሻߛሺݒ଴ሻ

ߨܽ ቈ݈݊ ቆ
ܽܿଶ

௣݉ܩ
ቇ െ ݈݊൫݄ሺݎ௞ሻ൯ ൅ ݈݊൫1 െ ݄ሺݎ௞ሻ൯቉ 

 
For the example of ߛሺݒ଴ሻ ൌ 2000, at the point where ݄ ൌ 0.9999 or ݄ ൌ 0.99, the 

calculated index ݇ of the last encountered maximum is given by ݇ ൌ 129,393 and ݇ ൌ 135,115 
respectively, which are obviously much larger than the index of ݇௕ ሺൎ 77ሻ.  

Therefore, before being stopped by the nucleon at the ݇௕ ൑ 77 maximum, the electron 
managed to pass substantially more than 135,115 zones.  The question arises as to how it is 
possible that an electron in motion towards a nucleon, after successfully passing through 
135,115 zones, ended up being stopped by a maximum barrier of an index as low as ݇௕ ൑ 77.  
After all, the electron could not have reached the 135,115௧௛ zone without first passing through 
all of the ݇௕ ൑ 77 maxima.  Additionally, the electron’s potential energy at the 135,115௧௛ 
maximum should be substantially higher than its potential energy at the 77௧௛ maximum. 
Therefore, it seems odd that the electron could be stopped by a low energy maximum barrier 
after having passed a substantially higher energy barrier earlier.  

The amplitude ratio between any two successive maxima (or minima) of indices ݇ and 
݇ െ 2 can be calculated by substituting ݎ௞ and ݎ௞ିଶ of equation 11-10b in equation 11-6.  As long 
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as the overall energy of the electron is substantially greater than the local potential energy 
maxima ܧሺݎሻ ب ܸீ ൫ݎ,  ,ሻ൯, or as long as the electron’s velocity is non-relativistic (thereforeݒሺߛ
ሻݒሺߛ ൌ 1ሻ, ߛሺݒሻ changes only slightly between two successive maxima, and ߛሺݒ௞ሻ ൎ  .௞ିଶሻݒሺߛ
Therefore, provided that at high-energy collisions ݁௔ఊሺ௩ೖሻ ௥ೖ⁄ ب 1,  the ratio of two successive 
maxima or minima peaks is given by 
Equation 11-2-9 

௏ಸ൫௥ೖ,ఊሺ௩ೖሻ൯
௏ಸ൫௥ೖషమ,ఊሺ௩ೖషమሻ൯

ൌ
ି
ಸ೘೐೘೛ം൫ೡೖ൯

ೌ ൭௘ೌം൫ೡೖ൯ ೝೖൗ ௖௢௦ቆ
್೘೐೘೛ംమ൫ೡೖ൯

ೝೖ
ቇ൱

ି
ಸ೘೐೘೛ം൫ೡೖ൯

ೌ ൭௘ೌം൫ೡೖ൯ ೝೖషమൗ ௖௢௦൬
್೘೐೘೛ംమ൫ೡೖ൯

ೝೖషమ
൰൱

    

or 
 
Equation 11-2-10 

ܸீ ൫ݎ௞, ௞ሻ൯ݒሺߛ
ܸீ ൫ݎ௞ିଶ, ௞ିଶሻ൯ݒሺߛ

ൌ

൮݁
௔൭௞గା௔௥௖௧௔௡ቆ ௔

௕௠೐௠೛ఊሺ௩ೖሻ
ቇ൱ ௕௠೐௠೛ఊሺ௩ೖሻ൘

ݏ݋ܿ ൭݇ߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣ߛሺݒ௞ሻ

൰൱൲

൮݁
௔൭ሺ௞ିଶሻగା௔௥௖௧௔௡ቆ ௔

௕௠೐௠೛ఊሺ௩ೖሻ
ቇ൱ ௕௠೐௠೛ఊሺ௩ೖሻ൘

ݏ݋ܿ ൭ሺ݇ െ 2ሻߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣ߛሺݒ௞ሻ

൰൱൲

 

or  
Equation 11-2-11 

 
ܸீ ൫ݎ௞, ௞ሻ൯ݒሺߛ

ܸீ ൫ݎ௞ିଶ, ௞ିଶሻ൯ݒሺߛ
ൌ ݁ଶ௔గ ௕௠೐௠೛ఊሺ௩ೖሻ⁄ ൌ ݁ଶ.଺଴ଽ ఊሺ௩ೖሻ⁄ ൌ 13.59ଵ ఊሺ௩ೖሻ⁄  

 
With the example used above, where ߛሺݒ଴ሻ ൌ 2000, the ratio in regions where ݒ௞ ൌ  ଴ is givenݒ

by ௏ಸ൫௥ೖ,ఊሺ௩బሻ൯
௏ಸ൫௥ೖషమ,ఊሺ௩బሻ൯

ൌ 1.0013, compared with  ௏ಸ൫௥ೖ,ఊሺ௩బሻ൯
௏ಸ൫௥ೖషమ,ఊሺ௩బሻ൯

ൌ 13.59 in regions where the electron 

moves at non-relativistic velocities.  The ratio of the electron’s potential energy between the 
77௧௛ maximum viewed by the electron at close to zero velocity (where ߛሺݒ଻଻ሻ ൌ 1) and the 
135,115௧௛ maximum viewed at ߛ ൌ 0.99 כ 2000 ൌ 1980 is given by ௏ಸሺ௥ళళ,ఊሺ௩ళళሻୀଵሻ

௏ಸ൫௥భయఱ,భభఱ,ఊ൫௩భయఱ,భభఱ൯ୀଵଽ଼଴൯
ൎ

ି
ಸ೘೐೘೛

ೌ ൫௘ೌ ೝళళ⁄ ൯

ି
ಸ೘೐೘೛כభవఴబ

ೌ ቀ௘భవఴబೌ ೝభయఱ,భభఱ⁄ ቁ
ൎ 5.05 כ 10ିସ݁൫௔గ ௕௠೐௠೛⁄ ൯ሺ଻଻ିଵଷହ,ଵଵହ/ଵଽ଼଴ሻ ൌ 46.45.  Therefore, the potential 

energy of the non-relativistic electron at the time it was stopped by the 77௧௛ maximum 
substantially exceeds the potential energy of the relativistic electron of ߛ ൒ 1980 at the 
135,115௧௛ maximum.  This explains how an electron can have a sufficient amount of energy to 
pass the 135,115௧௛ maximum barrier, yet not enough energy to pass the earlier 77௧௛ maximum 
barrier.  



 

215 
 

 However, the above explanation does not account for how an electron that just passed the 
zonal maximum indexed 135,115 can encounter the same 77௧௛ maximum for a second time 
while still moving toward the nucleon.  The explanation is as follows:  While the parametric 
distance ݎ is reduced monotonically as the electron approaches the nucleon, the apparent distance 
of the electron from the nucleon fluctuates wildly, at times increasing and at times decreasing 
with the reduction of ݎ.  As it moves through the zones toward the nucleon, the electron 
accelerates when approaching a potential energy minimum and decelerates as it approaches a 
maximum.  When approaching a potential energy maximum, ݒ and ߛሺݒሻ decrease.  
Consequently, the apparent distance between the electron and the nucleon (as viewed by the 
nucleon), as well as the potential energy ratio between two successive maxima (or minima), 
increases.  The opposite occurs when the electron approaches a minimum, in which case ݒ and 
 ሻ increase, and the apparent distance between the electron and the nucleon (as viewed by theݒሺߛ
nucleon), as well as the potential energy ratio between two successive maxima or minima, 
decreases.  In effect, as demonstrated by figures 11-1a and 11-1b, the entire zonal pattern folds in 
when the velocity of the electron is decreased, causing the pattern’s maxima and minima to move 
inward toward the nucleon.  Conversely, the pattern unfolds when the velocity of the electron is 
increased, as the maxima and the minima move outward, away from the nucleon.  The speed of 
folding or unfolding depends on the rate of change of the electron’s Lorentz factor ߛ.  Early on, 
when the distance between the electron and the nucleon is relatively large and the UG interaction 
is quite weak, the relative velocity of the electron is about constant, and the rate of folding and 
unfolding of the UG pattern is negligible.  In a DIS event, as the electron approaches the point of 
closest approach ݎԦ௣௖௔ the maxima and the minima fluctuations become enormous, causing related 
fluctuations in the value of ߛሺݒሻ. The size and rate of these fluctuations determine the speed and 
the extent of the folding and unfolding of the pattern.  The speeds of the few folds preceding ݎ௣௖௔ 
become large and may exceed the velocity of the electron.  Hence, some of the maxima already 
passed by the electron may fold or unfold at a significantly faster rate than the speed of the 
electron, thus overtaking the electron.  It is therefore feasible, and even expected, that in a DIS 
event the electron will encounter the same maximum or minimum multiple times as it moves 
toward the nucleon. 
 
Section XI-3: The Weak Fall-off of the DIS Cross Section 
 
 Prior to calculating the approximate UG equation that describes the weak fall-off of the 
DIS cross section, the underlying principle responsible for this phenomenon can be demonstrated 
by the set of figures 11-3a to 11-3d.  Again, consider a high-loss DIS event at the limit ܳଶ ൌ
௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ

ఏ
ଶ
ቁ ՜ ∞ and ߥ ൌ ൫ܧ଴ െ  ௙൯→ ∞.  As discussed, in such an event the electron isܧ

scattered by the outermost impenetrable zone indexed ݇௕ in the same manner as it would have 
been scattered by hard object.  However, the velocity of the electron becomes non-relativistic at 
the point of impact.  At non-relativistic velocities the zone structure is spherically symmetric 
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around the nucleon, and therefore depends on the absolute value of the distance between the 
electron and the nucleon, ሺ∆ݔଶ ൅ ଶݕ∆ ൅ ଶሻଵݖ∆ ଶ⁄ .  In addition, at non-relativistic speeds, when  
݊ ൐ 75, the ratio between two successive potential energy maxima ܸீ ሺݎ௡ାଶሻ ܸீ ሺݎ௡ሻ⁄  was shown 
by equation 11-2-11 to be approximately 13.59.  The UG potential energy waveform, indicated 
in violet in figure 11-3a, is displayed as a function of the distance between the electron and the 
nucleon along an arbitrary axis within the plane defined by the electron’s velocity vector and the 
distance vector between the electron and the nucleon.  The green concentric circles provide the 
UG potential energy maxima contours within this plane.  Note that while the potential energy of 
successive maxima increases by a factor of 13.59, the distance between them decreases 
proportionally to ݊ଶ (see equation 2-1-16), where ݊ denotes the zonal index. Therefore, the UG 
slopes rapidly become extremely steep.196 
        

 
Figure 11-3a   
 

The overall energy of the electron illustrated in figure 11-3a is lower than its potential 
energy at the ݊ ൅ 4 maximum.  As the electron passes the ݊௧௛ maximum, its overall energy is 
significantly larger than its potential energy.  Note that the electron retains most of its kinetic 
energy; therefore only a small portion of its energy can be transferred to the nucleon, and 
subsequently dispersed to nearby nucleons, atoms and molecules.  When the impact parameter of 
the electron is larger than ݎ௡ାଵ, the electron will not reach the maximum ݊ ൅ 2, and the amount 
of energy lost is relatively small.  As a result, the scattering event is only slightly inelastic. At an 

                                                 
196 Note that lower mass values were used for the figures in this chapter in order to view more maximum and minimum peaks.    

݊  ݊ 

݊ ൅ 2 ݊ ൅ 2

݊ ൅ 4݊ ൅ 4
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௡ݎ

௡ାଶݎ
௡ାସݎ

Ԧ௣௖௔ݎ
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impact parameter of ݎ௡ାଷ ൏ ܤ ൏  ௡ାଶ, the electron passes the higher potential energy maximumݎ
݊ ൅ 2, and a greater portion of its kinetic energy is transferred directly to the nucleon and 
indirectly to nearby nucleons, atoms and molecules.  Consequently, the scattering becomes 
increasingly inelastic.  At an impact parameter of ܤ ൏  ௡ାସ, the electron proceeds toward theݎ
݊ ൅ 4 maximum.  Since the electron’s potential energy at this maximum exceeds its overall 
energy, the electron’s motion toward the nucleon is halted as it reaches the point at which its 
potential energy is equal its overall energy, at ݎԦ௣௖௔.197  As the electron does not have sufficient 
energy to continue to move toward the nucleon, it is scattered in the same manner as it would 
have been scattered by a hard object.  Note that as the overall energy of the electron at the impact 
point ݎԦ௣௖௔ is equal to its potential energy, the velocity of the electron relative to the nucleon is 

reduced to ݒ൫ݎԦ௣௖௔൯ ൌ 0 and its Lorentz factor is reduced to ߛ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1.  Since the electron 

becomes non-relativistic on impact, the UG zones viewed in the particle accelerator’s frame of 
reference appear spherically symmetric around the nucleon, and the hard scattering object 
becomes a hard scattering sphere of radius ݎ௣௖௔.  Hence, the high-loss DIS cross section becomes 
approximately equal to ߨሺݎ௡ାସሻଶ.  Note that the higher the energy of the probing electron, the 
smaller the radius of the hard sphere becomes. 

  Adhering to equation 11-2-11, in a DIS event, in regions where the electron moves at 
non-relativistic velocities, the ratio between the potential energy of an electron at two successive 
maxima ܸீ ሺݎ௡ାଶሻ ܸீ ሺݎ௡ሻ⁄  is equal to 13.59.  Increasing the energy by a factor of 13.59 will 
therefore reduce the DIS cross section by a factor of 

ఙ೙శమ
ఙ೙

ൎ గሺ௥೙శమሻమ

గሺ௥೙ሻమ
ൎ

൬
್೘೐೘೛
ሺ೙శమሻഏ ൰

మ

൬
್೘೐೘೛

೙ഏ ൰
మ ൎ

௡మ

ሺ௡ାଶሻమ
՜ 1 when ݊ ՜ ∞.  Therefore, as ݊ increases, the DIS cross 

section is reduced.  However, as ݊ increases, the DIS cross section fall-off becomes exceedingly 
weak.  This phenomenon is demonstrated in figures 11-3b to 11-3d.  

Figure 3-11b depicts three electrons with the same energy and different impact 
parameters.  The solid sphere indicates the impenetrable hard sphere at the given level of energy, 
while the concentric circles indicate the radii of the lower external maxima, which can be 
penetrated as the potential energy of the electron at the maxima is lower than the overall energy 
of the probing electrons.  In particular, the electron’s potential energy at the surface of the hard 
sphere is roughly given by ܸீ ሺݎ௡ା଺ሻ ൌ 13.59ܸீ ሺݎ௡ାସሻ ൌ 13.59ଶܸீ ሺݎ௡ାଶሻ ൌ 13.59ଷܸீ ሺݎ௡ሻ.  As 
displayed, the two electrons with the smaller impact parameters (indicated by blue and green 
trajectories) hit the hard sphere and are deflected by it.  The electron with the largest impact 
parameter (indicated by a black trajectory) passes near the nucleon without colliding with the 
hard sphere, with only slight elastic deflection by the lower indexed maxima and minima.  
Increasing the energy of the electrons at the impact point (ݎ௣௖௔) by a factor of 13.59ହ 

                                                 
197 Note that the energy at the impact point ݎԦ௣௖௔ within the nucleon’s frame of reference is not equal to the initial energy of the 
electron.  This is due to energy losses endured, as well as to the fact that the nucleon’s frame of reference cannot remain inertial 
for a sufficient amount of time, due to the acceleration of the nucleon.  
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(to13.59଼ܸீ ሺݎ௡ሻ) results in the reduction of the radius of the hard sphere to ݎ௡ାଵ଺, where neither 
of the outer two electrons (black and green) collide with the hard sphere.198 
 

 
Figure 11-3b 
 

 
Figure 11-3c 

                                                 
198 The index increase from ݊ ൅ 6 to ݊ ൅ 16 (by 10), rather than to ݊ ൅ 11 (by 5) reflects that there are five minima 
in addition to the five maxima separating the radii of the two hard spheres. 

݊ 

݊ ൅ 2
݊ ൅ 4

݊ 

݊ ൅ 2݊ ൅ 4݊ ൅ 6
݊ ൅ 8



 

219 
 

 
In figure 11-3d the impact energy of the electrons is further increased to about 13.59ଵଶܸீ ሺݎ௡ሻ, 
resulting in the reduction of the radius of the hard sphere to ݎ௡ାଶସ.  As shown in the figure, at 
high zonal indices the spherical maxima become compacted together to the extent that increasing 
the electrons’ energy by a large factor results in little reduction in the radii of the hard sphere, 
thus diminishing the rate of reduction of the DIS cross section. 
 

 
Figure 11-3d 
 
Recall that close to the impact point where the electron’s velocity is no longer relativistic, the 
effect of any zone ݊ ൌ ݇௕ െ 2݈ is smaller than the ‘hard sphere’ effect of the ݇௕ zone by a factor 
of at least 13.59ଶሺ௟ିଵሻ.  Thus, the effect of any zone ݊ ൏ ݇௕ െ 4 can be regarded as negligible.199 
The trajectory of the electron can consequently be expected to be deflected slightly by the 
maxima ݇௕ െ 4 and ݇௕ െ 2, and by the minima ݇௕ െ 3 and ݇௕ െ 1, before colliding with the 
hard sphere of a radius greater than ܴ ൎ   .௞್ is the radius of the ݇௕ maximum contourݎ ௞್, whereݎ
In summary, the highest DIS losses occur when the electron’s impact parameter is sufficiently 
small.  As a result, the electron is scattered as it would have been scattered by a hard sphere, 
where the radius of the sphere is equal to the distance of the point of closest approach ݎ௣௖௔ ൌ
หݎԦ௣௖௔ห.  On the other hand, in cases where the impact parameter of the electron is sufficiently 
large, the energy of the electron at the point of closest approach (located at zone ݇ሻ is higher than 
the maximum potential energy of zone ݇, thus ܧ௣௖௔ ൐ ܸ൫ݎ௞, ௣௖௔൯ݒ൫ߛ ൌ 1൯. In this scenario, the 

                                                 
199 Note however, that as the velocity of the electron was higher and may have been relativistic when passing 
through the previous maximum, the ratio between two successive maxima may reduce to below 13.59.  
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electron will not collide with the hard sphere and its velocity at the point of closest approach ݎԦ௣௖௔ 
may still be relativistic. As the potential energy of the electron reduces drastically with its 
distance from the nucleon, the scattering becomes more elastic with an increased impact 
parameter. 

Armed with the above insights, the task at hand is to apply the same principles and 
approximations for the development of a more precise mathematical description of the weak fall-
off of the DIS cross section.  At the point of closest approach ݎԦ௣௖௔ (viewed in the frame of 
reference of the particle accelerator), the electron’s velocity is either zero or perpendicular to 
צݎԦ ሺݎ ൌ 0 and ୄݎ ൌ  ௣௖௔ ).  Therefore, the dynamics of the interaction at that point are determinedݎ
by equations 11-7 and 11-12.  However, the electron’s energy at the point of closest approach 
௣௖௔ܧ ൌ ,଴ܧ௣௖௔ሺܧ ௣௖௔൯ is not observable.  To simplify the analysis, it is assumed thatݎ൫ܧ  ிሻ (orܧ
alternatively, ܧ௣௖௔ሺܧ଴,  ଴ and its finalܧ ሻ) is a monotonic function of the electron’s initial energyߥ
energy ܧ௙ (or ߥ), and that its behavior is consistent with200 ݈݅݉ா೑՜ாబ ௣௖௔ܧ ൌ ݈݅݉ఔ՜଴ ௣௖௔ܧ ൌ  ଴ܧ

and, on average, ௗா೛೎ೌ
ௗாబ

൐ 0, ௗா೛೎ೌ
ௗா೑

൐ 0,  ௗா೛೎ೌ
ௗ஝

ൌ ܪ ൏ 0 and ݈݅݉ఔ՜ஶ,ா೑՜ஶ ௣௖௔ܧ ൌ ∞.  

Expanding to the first Taylor term, 
Equation 11-3-1 

௣௖௔ܧ ൎ ଴ܧ െ ߥܪ ൌ ሺ1 െ ଴ܧሻܪ ൅     ிܧܪ
 
where ܪ is a constant.   

The index of the maximum of the zone containing ݎԦ௣௖௔ will be denoted as ݇.  Consider 
the specific case where the parametric distance between the nucleon and the point of closest 
approach is infinitesimally larger than the radius of the ݇௧௛ maximum contour, ݎ௞ ൏ ௣௖௔ݎ ՜  .௞ݎ
In this case, the potential energy of the electron in the nucleon’s frame of reference is given by 
Equation 11-3-2 

ܸீ ൬ݎ௣௖௔, ߛ ቀݒ൫ݎ௣௖௔൯ቁ൰ ՜ ܸீ ሺݎ௞, ,௞ሻݎሺݒ where ݒ ٣ ௞ሻݎ ൌ െ
௞ሻ൯ݎሺݒ൫ߛ௘݉௣݉ܩ

ܽ ቆ݁௔ ௥ೖ⁄ ݏ݋ܿ ቆ
ܾ݉௘݉௣ߛ൫ݒሺݎ௞ሻ൯

௞ݎ
ቇ െ 1ቇ 

and the maxima occur when 
 

Equation 11-3-3 

௣௖௔ݎ ՜ ௞ݎ ൌ
௕௠೐௠೛ఊ൫௩ሺ௥ೖሻ൯
௞గା௔௥௖௧௔௡ሺΩౡሻ

    

 
where ߗ௞ ൌ ܽ

௕௠೐௠೛ఊቀ௩൫݇ݎ൯ቁ
.  Substituting ݎ௞ of equation 11-3-3 in equation 11-3-2 yields 

 
 

                                                 
200 Note that the nucleon is accelerated by the electron. Therefore, its frame of reference can be regarded as an 
inertial frame for only a brief period of time. Consequently, the law of conservation of energy does not apply.    
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Equation 11-3-4 

ܸீ ൬ݎ௣௖௔, ߛ ቀݒ൫ݎ௣௖௔൯ቁ൰ ՜ ܸீ ൫ݎ௞, ௞ሻݎሺݒ ൌ ௞ሻ൯ݎሺୄݒ

ൌ െ
௞ሻ൯ݎሺݒ൫ߛ௘݉௣݉ܩ

ܽ ቀ݁௔ቀ൫௞గା௔௥௖௧௔௡ሺఆೖሻ൯ቁ ௕௠೐௠೛ఊ൫௩ሺ௥ೖሻ൯ൗ ߨ൫݇ݏ݋ܿ ൅ ௞ሻ൯ߗሺ݊ܽݐܿݎܽ െ 1ቁ 

In cases of deep inelastic scattering, ݁௔ቀ൫݇ߨ൅ܽ݊ܽݐܿݎሺΩkሻ൯ቁ ఊ൫௩ሺ௥ೖሻ൯ൗ݌ܾ݉݁݉ ب 1, and at a UG maximum, ݇ 
is an odd integer.  Therefore, 
Equation 11-3-5 

ܸீ ൬ݎ௣௖௔, ߛ ቀݒ൫ݎ௣௖௔൯ቁ൰ ՜ ܸீ ൫ݎ௞, ,௞ሻݎሺݒ ௞ሻݎሺݒ ൌ ௞ሻ൯ݎሺୄݒ ൌ
ீ௠೐௠೛ఊ൫௩ሺ௥ೖሻ൯

௔
ቀ݁௔൫௞గା௔௥௖௧௔௡ሺఆೖሻ൯ ௕௠೐௠೛ఊ൫௩ሺ௥ೖሻ൯ൗ   ௞ሻ൯ቁߗሺ݊ܽݐܿݎ൫ܽݏ݋ܿ

 
To simplify the equation, define 
Equation 11-3-6 

,൫݉௘,݉௣ܦ ௞ሻ൯ ൯ݎሺݒ൫ߛ ൌ
௞ሻ൯ݎሺݒ൫ߛ௘݉௣݉ܩ

ܽ ቀܿݏ݋൫ܽ݊ܽݐܿݎሺΩ୩ሻ൯ቁ 

 
Therefore, equation 11-3-5 can be stated as  
Equation 11-3-7 

ܸீ ൬ݎ௣௖௔, ߛ ቀݒ൫ݎ௣௖௔൯ቁ൰ ՜ ܸீ ൫ݎ௞, ௞ሻ൯ݎሺݒ ൌ ,൫݉௘,݉௣ܦ ௞ሻ൯ ൯݁௔൫௞గା௔௥௖௧௔௡ሺΩౡሻ൯ݎሺݒ൫ߛ ௕௠೐௠೛ఊ൫௩ሺ௥ೖሻ൯ൗ   

 
or, as of equations 11-3-3 and 11-3-7, 
Equation 11-3-8 

 

௣௖௔ݎ ՜ ௞ݎ ൌ
ܾ݉௘݉௣ߛ൫ݒሺݎ௞ሻ൯
ߨ݇ ൅ ௞ሻߗሺ݊ܽݐܿݎܽ

ൌ
ܽ

ቂ݈݊ ൬ܸீ ቀݎ௞, ௞ሻ൯ቁ൰ݎሺݒ൫ߛ െ ݈݊ ቀܦ൫݉௘,݉௣, ௞ሻ൯ ൯ቁቃݎሺݒ൫ߛ
 

 
As discussed above, when the kinetic energy of an electron is substantial at ݎ௣௖௔, the 

influence of the nucleon on the electron’s trajectory will be relatively small, resulting in either an 
elastic scattering, or in a weak inelastic scattering.  For a substantial DIS event to take place at 

the limits of ܳଶ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
ఏ
ଶ
ቁ ՜ ∞ and ߥ ൌ ሺE଴ െ E୤ሻ→∞, the kinetic energy of the 

electron at ݎ௣௖௔ should be minimal, leading to ݒ൫ݎ௣௖௔൯ ൎ 0 and ߛ ቀݒ൫ݎ௣௖௔൯ቁ ൌ 1.  Therefore, in 

the case of a substantial DIS event, the parametric (and apparent) distance of ݎ௞ ൏ ௣௖௔ݎ ՜  ௞ isݎ
given by 
Equation 11-3-9 

௞ݎ ൏ ௣௖௔ݎ ՜ ௞ݎ ൌ
ܾ݉௘݉௣

ߨ݇ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰
ൌ

ܽ

ቂ݈݊൫ܸீ ሺݎ௞, ߛ ൌ 1ሻ൯ െ ݈݊ ቀܦ൫݉௘,݉௣, ߛ ൌ 1 ൯ቁቃ
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However, in the usual case of a high-loss deep inelastic scattering event, the electron will not 
collide directly with the peak of the ݇௧௛ maximum, and will instead reach somewhere between 
௞ିଶݎ ൐ ݎ ൐ ீܸ  ௞, whereݎ ൫ݎ௞ିଶ, ௞ିଶሻ൯ݎሺݒ൫ߛ ൌ 1൯ ൏ ܸீ ൫ݎ, ሻ൯ݎሺݒ൫ߛ ൌ 1൯ ൎ ௣௖௔ܧ ൏ ܸீ ൫ݎ௞, ௞ሻ൯ݎሺݒ൫ߛ ൌ 1൯.201  As 
discussed above, for a substantial inelastic event to occur, the electron must become non-
relativistic on impact with ߛሺݒሻ ൌ 1, somewhere within the ݇௧௛ zone or at the tip of the ݇ െ 2 
maximum.  As ܧ௣௖௔ may be anywhere within the range of ܸீ ൫ݎ௞ିଶ,ߛ൫ݒሺݎ௞ିଶሻ൯ ൌ 1൯ ൏ ௣௖௔ܧ ൏
ܸீ ൫ݎ௞,ߛ൫ݒሺݎ௞ሻ൯ ൌ 1൯, the maximum potential energy at the ݇ െ 2 maximum is of the order of  
ܽܿ݌ܧ

ଵଷ.ହଽ
د ܸீ ൫ݎ௞ିଶ,ߛ൫ݒሺݎ௞ିଶሻ൯ ൌ 1൯ د  For the general maxima, the maximum potential  .ܽܿ݌ܧ

energy at ݇ െ 2݊ (at non-relativistic velocities) for an integer ݊ ൒ 1 is given by ܽܿ݌ܧ

ଵଷ.ହଽ೙
د

ܸீ ൫ݎ௞ିଶ௡,ߛ൫ݒሺݎ௞ିଶ௡ሻ൯ ൌ 1൯ د ܽܿ݌ܧ

ଵଷ.ହଽ೙షభ
.  Therefore, in the case of deep inelastic scattering, only 

the contributions of the preceding two or three maxima have a significant effect.  This is in 
agreement with experimental results, where 1 to 3 resonances are generally found in graphs of 
the double differential cross section as function of energy (or vs. energy lost, ߥ ൌ ଴ܧ െ  ௙).202ܧ

  To calculate the approximate scattering cross section, we begin once again with a high-
loss DIS event where the impact energy of the electron ܧ௣௖௔ is slightly lower 
than ܸீ ൫ݎ௞,ߛ൫ݒሺݎ௞ሻ൯ ൌ 1൯ and its impact parameter ܤ is sufficiently small to produce hard 
sphere scattering.  Therefore, ݎ௣௖௔ is slightly larger than ݎ௞.  In this case, the ݇௧௛ maximum 
contour cannot be penetrated by the probing electron, which can only reach as deep as ܽܿ݌ݎ ൎ   .௞ݎ
As the electron’s velocity is already reduced to a non-relativistic speed near the point of closest 
approach, the shape of the ݇௧௛ maximum is perceived by the electron to be spherically 
symmetric. 

As discussed, in the case of a DIS event, the sharp steepness of the UG exponent as a 
function of distance is so explosive near the point of closest approach that the electron’s course 
and direction of motion remain largely unaffected by most of the UG maxima and minima 
encountered, with the exception of the last few extremely narrow zones between ݇ െ 6 and ݇. 
Therefore, the interaction distance and the interaction time associated with DIS events, during 
which the electron’s overall energy and direction of motion have been significantly altered, are 
extremely short.  For this reason, although the electron’s direction of motion may have changed 
substantially, the effect of this change on its impact parameter is minimal.  Consequently, all 
electrons with an impact parameter of ܤ ൑ ீܸ ௞ and an impact energy ofݎ ൫ݎ௞ିଶ,ߛ൫ݒሺݎ௞ିଶሻ൯ ൌ 1൯ ൏
௣௖௔ܧ ൏ ܸீ ൫ݎ௞,ߛ൫ݒሺݎ௞ሻ൯ ൌ 1൯ will scatter in the same manner as they would have been scattered by a 
hard sphere of radius ݎ௞.  Electrons of the same range of energy, with impact parameters within 
the range ݎ௞ ൏ ܤ ൏  ௞ିଶ (as calculated for non-relativistic electrons) may undergo a weakݎ
                                                 
201The reason for the assumption that ܧ௣௖௔ ൐ ܸீ ൫ݎ௞ିଶ,ߛ൫ݒሺݎ௞ିଶሻ൯ ൌ 1൯ is that the electron had to pass the ݇ െ 2 maximum just 
before impact with the ݇௧௛ zone, and then had to pass the maximum again immediately after the impact, on its way toward the 
detector. 
202 Note that there is also a split of the potential energy maxima due to the slight difference in mass between the proton and the 
neutron, which may impact the number of resonances. 
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inelastic scattering, while electrons with impact parameters of ܤ ب  ௞ିଶ will undergo an elasticݎ
scattering, or will remain unaffected.  

As the cross section of a hard sphere of radius ݎ is given by ߪ ൌ  ଶ, the deep inelasticݎߨ
scattering event for the case of an impact energy ܧ௣௖௔ of just under ܸீ ሺݎ௞, ߛ ൌ 1ሻ is given by 
Equation 11-3-10 

ߪ݀ ቀܧ௣௖௔ ՜ ܸீ ሺݎ௞, ߛ ൌ 1ሻቁ ൌ ൫ܸீߪ݀ ሺݎ௞, ߛ ൌ 1ሻ൯ ൌ ௞ߪ݀ ൎ ௣௖௔ܧ௞ଶ݀ݎߨ ൌ ߨ ൥ ௕௠೐௠೛

௞గା௔௥௖௧௔௡൬ ೌ
್೘೐೘೛

൰
൩
ଶ

௣௖௔ܧ݀ ൌ

గ௔మ

ቂ௟௡൫௏ಸሺ௥ೖሻ൯ି௟௡ቀ஽൫௠೐,௠೛ ൯ቁቃ
మ        ௣௖௔ܧ݀

 
where ܧ௣௖௔ is less than yet almost equal to ܸீ ሺݎ௞ሻ.203 204  Similarly, if the energy is just under 
ܸீ ሺݎ௞ିଶሻ, where ݒሺݎ௞ିଶሻ ൎ 0 and ߛ൫ݒሺݎ௞ିଶሻ൯ ൌ 1), 
Equation 11-3-11      

ߪ݀ ቀܧ௣௖௔ ՜ ܸீ ሺݎ௞ିଶ, ߛ ൌ 1ሻቁ ൌ ൫ܸீߪ݀ ሺݎ௞ିଶ, ߛ ൌ 1ሻ൯ ൌ ௞ିଶߪ݀ ൎ ܧ௞ିଶଶ݀ݎߨ ൌ

ߨ ൥ ௕௠೐௠೛

ሺ௞ିଶሻగା௔௥௖௧௔௡൬ ೌ
್೘೐೘೛

൰
൩
ଶ

௣௖௔ܧ݀ ൌ
గ௔మ

ቂ௟௡൫௏ಸሺ௥ೖషమሻ൯ି௟௡ቀ஽൫௠೐,௠೛ ൯ቁቃ
మ    ௣௖௔ܧ݀

 
In a DIS event, where ݇ ب 1, ฬܽ݊ܽݐܿݎ ൬ ܽ

௕௠೐௠೛
൰ฬ ൏ ߨ 2⁄ ا ሺ݇െ 2ሻߨ ൏  ,Therefore  .ߨ݇

Equation 11-3-12 

 ௗఙೖ
ௗఙೖషమ

ൎ
గ቎

݌ܾ݉݁݉

൬݊ܽݐܿݎ൅ܽߨ݇ ೌ
ߛ݌ܾ݉݁݉

൰
቏

2

గ቎
݌ܾ݉݁݉

ሺ݇െ2ሻߨ൅ܽ݊ܽݐܿݎ൬ ೌ
݌ܾ݉݁݉

൰
቏

2 ൎ ቀ
௞ିଶ
௞
ቁ
ଶ
ൌ 1 െ 4 ݇⁄ ൅ 4 ݇ଶ⁄  

 
and consequently, ݀ߪ௞ିଶ ൐ ௙ܧ ௞.  Based on the above assumptions, the case ofߪ݀ ՜ ∞ leads to 
௣௖௔ܧ ՜ ∞, and therefore to ݇ ՜ ∞, and subsequently to ݀ߪ௞ ՜ ௞ߪ݀ ௞ିଶ whileߪ݀ ൏  ௞ିଶ.  Forߪ݀
the general case of an electron with an impact energy of 
Equation 11-3-13 

ܸீ ൫ݎ௞ିଶ, ௞ሻ൯ݎሺݒ൫ߛ ൌ 1൯ ൏ ௣௖௔ܧ ൏ ܸீ ൫ݎ௞, ௞ሻ൯ݎሺݒ൫ߛ ൌ 1൯ ا  ଴ܧ
 

                                                 
203 In cases where ߛ൫ݒሺݎ௞ሻ൯ ൌ 1, the notations ܸீ ሺݎ௞ሻ ൌ ܸீ ൫ݎԦ௞, ൫݉௘,݉௣ ൯ܦ ௞ሻ൯ andݎሺݒ ൌ ,൫݉௘,݉௣ܦ  .௞ሻ൯ ൯ may be usedݎሺݒ൫ߛ
204 The DIS cross section can be written as ߪ ൌ ׬ ௣௖௔൯ܧ൫ߪ݀

ஶ
ா೛೎ೌୀିஶ

.  However, in the case of a negative ܧ௣௖௔ value, the electron 
would remain trapped, and would never reach the detector.  Therefore,  ܧ௣௖௔ cannot be negative.  In addition, as the electron is 
extremely unlikely to gain energy during the scattering event, ׬ ௣௖௔൯ܧ൫ߪ݀

ஶ
ா೛೎ೌୀாబ

 should be negligible.  Therefore, the overall UG 

cross section can be expressed as ߪ ൌ ׬ ൯ܽܿ݌ܧ൫ߪ݀
∞
∞ୀିܽܿ݌ܧ

ൌ ׬ ൯ܽܿ݌ܧ൫ߪ݀
ாబ
ୀ଴ܽܿ݌ܧ

ൌ ׬
ௗఙ൫ܽܿ݌ܧ൯
ௗܽܿ݌ܧ

ாబ
ୀ଴ܽܿ݌ܧ

 .ܽܿ݌ܧ݀
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 As ܸீ  is a continuous function of ݎ, there is always a radius ܤ௖ where ݎ௞ ൏ ௖ܤ ൏  ௞ିଶ andݎ
௣௖௔ܧ ൌ ܩܸ ቀܿܤݎ, ߛ ቀݒ൫ܿܤݎ൯ቁ ൌ 1ቁ.  At an impact parameter ܤ of less than ܤ௖, an electron with an 
impact energy of ܧ௣௖௔ will be scattered by the zone containing the ݇௧௛ maximum in the same 
manner as it would have been scattered by a hard sphere of radius ܤ௖.  Therefore, at the limits of  

ߥ ൌ ൫ܧ଴ െ ௙൯→ ∞ and ܳଶܧ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
ఏ
ଶ
ቁ ՜ ∞, the cross section of the DIS event must 

comply with  
Equation 11-3-14 

௞ߪ݀ ൎ ܽܿ݌ܧ௞ଶ݀ݎߨ ൑ ܽܿ݌ܧ௖ଶ݀ܤߨ ൎ ൯ܽܿ݌ܧ൫ߪ݀  ൑ ܽܿ݌ܧ௞ିଶଶ݀ݎߨ ൎ  ௞ିଶߪ݀
 

Therefore, according to equations 11-3-11 and 11-3-12, for ݇ ՜ ∞ (or ܧ௣௖௔ ՜ ∞), 
Equation 11-3-15 

 గ௔మ

ቂ௟௡൫௏ಸሺ௥ೖషమሻ൯ି௟௡ቀ஽൫௠೐,௠೛ ൯ቁቃ
మ ܽܿ݌ܧ݀ ൎ ௞ିଶߪ݀ ՜ ௞ߪ݀ ൎ

గ௔మ

ቂ௟௡൫௏ಸሺ௥ೖሻ൯ି௟௡ቀ஽൫௠೐,௠೛ ൯ቁቃ
మ   ܽܿ݌ܧ݀

 
In order to comply with equations 11-3-13, 11-3-14 and 11-3-15, ݀ߪ൫ܽܿ݌ܧ൯ must comply with 
Equation 11-3-16 

൯ܽܿ݌ܧ൫ߪ݀ ൌ
ଶܽߨ

ቂ݈݊൫ܽܿ݌ܧ൯ െ ݈݊ ቀܦ൫݉௘,݉௣ ൯ቁቃ
ଶ  ܽܿ݌ܧ݀

  

Consequently, equation 11-3-16 provides a weak fall-off of  ௗఙ൫ܽܿ݌ܧ൯
ௗܽܿ݌ܧ

 relative to the fall-off 

demonstrated by their elastic scattering, which is proportional to ܧ଴ିଶ.  Note that this general 
behavior is consistent with experimental observations.  However, ܧ௣௖௔ሺܧ଴,   .ሻ is not observableߥ
Using the approximation given in equation 11-3-1 of ܧ௣௖௔ ൎ ଴ܧ െ  are ߥ ଴ andܧ where both ,ߥܪ
observables, provides 
 

ሻߥሺߪ݀ ൎ
௣௖௔൯ܧ൫ߪ݀
௣௖௔ܧ݀

௣௖௔ܧ݀
ߥ݀ ߥ݀ ൌ

െܽߨܪଶ

ቂ݈݊ሺܧ଴ െ ሻߥܪ െ ݈݊ ቀܦ൫݉௘,݉௣ ൯ቁቃ
ଶ  ߥ݀

 

which also provides a similar weak fall-off of  ௗఙሺߥሻ
ௗߥ

.  
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Section XI-4: Unified Gravitation and the Phenomenon of Bjorken Scaling  
 
Bjorken scaling, demonstrated in figure 11-7, is the observed high-loss DIS behavior 

where ܨଵሺݔ, ܳଶሻ ՜ ,ݔଶሺܨ ሻ andݔ෨ଵሺܨ ܳଶሻ ՜ ሻ when ܳଶݔ෨ଶሺܨ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
ఏ
ଶ
ቁ ՜ ∞ and ߥ ൌ

൫ܧ଴ െ ߥ ௙൯→ ∞.  As discussed, high-loss DIS events adhering toܧ ՜ ∞ and ܳଶ ՜ ∞ occur when 
the electron is scattered by a hard sphere of radius ݎ௣௖௔, where the velocity of the electron at the 

impact point of ݎԦ௣௖௔ yields ߛ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1.   

From the UG perspective, scaling becomes apparent when the UG force dominates over 
the electromagnetic interaction and over the range of energy affected by the uncertainty 

principle.  Therefore, according to section XI-1-2, ܧ଴ ب ௙ܧ ب ܸீ ቀݎ଻ହ,ݒሺݎ଻ହሻቁ.   
The physical underlying principle that leads to the observed Bjorken scaling is 

demonstrated in figures 11-4a to 11-4e.  The illustration in figure 11-4a provides a tilted three 
dimensional image of the UG potential energy.  The illustration displays only three consecutive 
maxima and one visible minimum out of an infinite set of maxima and minima in the vicinity of 
the ݊ ൌ ݇௕ maximum.  

 Figure 11-4b provides an illustration of the three dimensional geometry of the deep 
inelastic scattering of the electron by the zone ݊ ൌ ݇௕ at ݎ௡ ൏ ௣௖௔ݎ ൏    ௡ିଵ, where the blue areaݎ
resides on the ܸ ൌ ௣௖௔ܧ plane and ܽܿ݌ܧ ൌ   .(௣௖௔ݎ at) ௣௖௔൯ is the energy of the electron on impactݎ൫ܧ
The electron’s energy is thus given by ܧ௣௖௔ ൌ െ2ሻ݊ݎሺܩܸ ൅ ∆൏  ሻ, where ∆ is small relative to݊ݎሺܩܸ
ܸீ ሺݎ௡ሻെܸீ ሺݎ௡ିଶሻ.  Consequently, the electron contains sufficient energy to pass the ݊ െ 2 
maximum, but not enough energy to penetrate the ݊௧௛ zone.  The DIS cross section is equal to 
the circular area contained within the outer circumference defined by the intersection of the three 
dimensional UG surface with the blue ܸ ൌ  ௣௖௔ isܧ plane.  At a higher electron energy, where ܽܿ݌ܧ
just below the maximum ܸீ ሺݎ௡ሻ, as shown in figure 11-4c, the electron collides with the ݊௧௛ 
zone at a point slightly external to ݎ௡ and the DIS cross section is slightly reduced.  Note that as 
the energy of the probing electrons changes continuously between ܸீ ሺݎ௡ିଶሻ ൏ ܽܿ݌ܧ ൏ ܸீ ሺݎ௡ሻ 
(approximately between the energy levels shown in figure 11-4b and 11-4c), the DIS cross 
section reduces continuously, and becomes almost a linear function of the electron’s energy 
level.  However, as the energy ܧ௣௖௔ becomes infinitesimally larger than ܸீ ሺݎ௡ሻ, the electron has 
sufficient energy to pass the ܸீ ሺݎ௡ሻ maximum.  As the electron passes through ݎ௡, its potential 
energy begins to fall drastically, and its velocity increases as its potential energy is converted to 
kinetic energy.  After crossing the ݊ ൅ 1 minimum, the electron’s potential once again increases 
until colliding with the zone containing the higher ܸீ ሺݎ௡ାଶሻ maximum at the point ݎԦ௣௖௔ located 

between ݎ௡ାଶ ൏ ௣௖௔ݎ ൏  ௡ାଵ.  Consequently, the DIS cross section is reduced by more thanݎ
௡ଶݎሺߨ െ ሺݎ௡ାଵሻଶሻ.  Therefore, as the energy of the electron in the vicinity of ݎ௡ changes from 
being infinitesimally lower than the maximum ܸீ ሺݎ௡ሻ to infinitesimally higher than ܸீ ሺݎ௡ሻ, the 
DIS cross section reduces abruptly, resulting in a discontinuity.  Such a transition is 
demonstrated in figure 11-4d.  As the electron’s impact energy ܧ௣௖௔ increases continuously 
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between ܸீ ሺݎ௡ሻ ൏ ܽܿ݌ܧ ൏ ܸீ ሺݎ௡ାଶሻ, the cross section will reduce continuously until the energy of 
the electron becomes equal to ܸீ ሺݎ௡ାଶሻ, where another discontinuity occurs. Hence, a 
discontinuity is expected to occur when the energy of the electron at the point of impact is equal 
to its potential energy at any given non-relativistic UG maximum. 

It will be shown that the reduction of the DIS cross section can be described to depend on 
two independent parameters.  The first parameter is the zone index that determines the electron’s 
impact energy levels ܧ௣௖௔ at which discontinuities in the DIS cross section occur, as well as the 
DIS cross section values on either side of each discontinuity.  The second parameter controls the 
approximately linear relationship between the DIS cross section and the electron’s energy at the 
point of closest approach, within the range of energies lying between two successive maxima.  
Note that at high zonal indices the slopes of the UG potential energy become extremely steep (as 
demonstrated by figure 11-3a), and the difference between the radii of two successive maxima 
becomes negligible.   

At the energy range between the two maxima there is no notable change in the cross 
section or in the radius of the hard sphere, consequently creating an effect similar to Bjorken 
scaling, where the cross section depends on a single parameter (in this case, the potential energy 
maximum index).  However, at low zonal indices the slopes are less steep, and the difference 
between the radii of two successive maxima is significant.  Therefore, in the energy range 
between the two maxima, the radius and cross section of the hard sphere change notably as 
functions of the electron’s impact energy ܧ௣௖௔, thereby creating a visible break in scaling at low 
DIS energies. 
 The above principles can be applied for the development of a more detailed mathematical 
description of these scaling behaviors.  As stated, Bjorken scaling is the observed high-loss DIS 

behavior where ܨଵሺݔ, ܳଶሻ ՜ ,ݔଶሺܨ ሻ andݔ෨ଵሺܨ ܳଶሻ ՜ ሻ when ܳଶݔ෨ଶሺܨ ൌ ௙ܧ଴ܧ4 ଶ݊݅ݏ ቀ
ఏ
ଶ
ቁ ՜ ∞ and 

ߥ ൌ ൫ܧ଴ െ  ௙൯→ ∞.  Bear in mind that these high-loss DIS events occur when the electron isܧ
scattered by a hard sphere of radius ݎ௣௖௔, where the velocity of the electron at the impact point of 

ߛ Ԧ௣௖௔ yieldsݎ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1.  As ݎԦ௣௖௔ is located within the ݇௧௛ zone, the electron’s velocity either 

reduces to a non-relativistic velocity of ߛ ቀݒ൫ݎ௣௖௔൯ቁ ൌ 1, or alternatively, the overall energy of  

the electron as it passes through the ݇ െ 2 maximum is slightly higher than its potential energy  
with ߛ ቀݒ൫ሺݎ௞ିଶሻ ൯ቁ ൌ 1.205   

Consider the case where the electron’s impact energy ܧ௣௖௔ ا  is just under the potential 0ܧ
energy of ܸீ ሺݎ௞ሻ at the ݇௧௛ maximum.  Therefore, an electron with a sufficiently large impact 
parameter of ܤ ൐  ௞ avoids collision with an impenetrable hard sphere, as demonstrated in blackݎ
in figure 11-3b, or in black and green in figure 11-3c. 
 
                                                 
205 In the non-quantum approach, the overall energy of the electron must be somewhat above ܸீ ቀݎ௞ିଶ,ݒሺݎ௞ିଶሻቁ as it passes 
through this maximum, otherwise the electron would not be able to enter and subsequently exit the ݇௧௛ zone, which contains ݎ௣௖௔, 
on its way toward the detector. 
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Figure 11-4a 
 
 
 

                 
Figure 11-4b     Figure 4-11c 
ܸீ ሺݎ௡ିଶሻ ൅ ∆ൌ ܽܿ݌ܧ ൏ ܸீ ሺݎ௡ሻ    ܸீ ሺݎ௡ିଶሻ ൏ ܽܿ݌ܧ ൌ ܸீ ሺݎ௡ሻ െ ∆ 
 
 
 

                  
Figure 11-4d     Figure 11-4e 
௣௖௔ܧ ൌ ሻ݊ݎሺܩܸ ൅ ,ߜ ߜ ՜ ௣௖௔ܧ                  0 ൌ ሻ݊ݎሺܩܸ ൅ ∆൏         ൅2ሻ݊ݎሺܩܸ

 
The absolute value of the potential energy of the electron at any of the remaining maxima 

and minima of ݊ ൏ ݇ is significantly lower than ܧ௣௖௔.  Therefore, throughout its trajectory the 

ܸீ ሺݎ௡ାଶሻ

ܸீ ሺݎ௡ሻ

ܸீ ሺݎ௡ିଶሻ

ܸீ ሺݎ௡ିଵሻ

 ܧ
ܧ

 ܧ ܧ
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electron retains a substantial portion of its kinetic energy with ߛ significantly larger than 1, and 
undergoes an elastic scattering with a relatively small scattering angle.  However, electrons with 
an impact parameter of ܤ د  ௞, asݎ ௞  collide with an impenetrable hard sphere with a radius ofݎ
indicated in blue and green in figure 11-3b, or in blue in figure 11-3c.  The potential energy of a 
non-relativistic electron at the maximum indexed ݇ െ 2݊ is equal to ܸீ ሺݎ௞ሻ 13.59௡⁄ ൎ
ܽܿ݌ܧ 13.59௡⁄ ا  where ݊ is an integer greater than zero.  Hence, at least 92.6% of the ,ܽܿ݌ܧ
electron’s energy at the ݇ െ 2 maximum, and over 99% of the electron’s energy at indices of 
݇ െ 4 or lower must have been in the form of kinetic energy when encountered by the electron.  
Consequently, the effect of the maxima and minima of ݊ ൑ ݇ െ 2 on the electron’s path is 
relatively small.  In addition, the electron retains the majority of its velocity and kinetic energy 
when it encounters any maximum of ݊ ൑ ݇ െ 2, while the velocity and kinetic energy of the 
electron may increase as it encounters a minimum of ݊ ൑ ݇ െ 1.206 Therefore, the electron is 
abruptly halted within the ݇௧௛ zone at about ݎ ൌ ௞ሻ൯ݎሺݒ൫ߛ ௞, leading toݎ ൌ 1.  Consequently, the 
cross section ݀ߪ൫ܽܿ݌ܧ൯ of electrons with an impact energy of ܸீ ሺݎ௞ሻ െ ܽܿ݌ܧ݀ ൏ ௣௖௔ܧ ൏ ܸீ ሺݎ௞ሻ െ
where  0 ,ߜ ൏ ߜ ՜ 0 is equal to 
Equation 11-4-1  

ߪ݀ ቀܽܿ݌ܧ ՜ ܸீ ሺݎ௞ାሻቁ ՜ ൫ܸீߪ݀ ሺݎ௞ሻ൯ ൌ ௞ߪ݀ ൌ ௞ݎߨ
ଶ݀ܽܿ݌ܧ ൎ ߨ ൥ ݌ܾ݉݁݉

൬݊ܽݐܿݎ൅ܽߨ݇ ೌ
݌ܾ݉݁݉

൰
൩
2

   ܽܿ݌ܧ݀

Bjorken scaling should take place at distances where the effects of the electromagnetic force and 
the uncertainty principle are negligible.  Note that the effects of the electromagnetic force and the 
uncertainty principle were shown to become insignificant relative to the UG force at ݇ ൒ 77. 

Since ܽ݊ܽݐܿݎ ൬ ௔
௕௠೐௠೛

൰ ൌ 0.3936 ا ߨ77 ا  :the following holds true ߨ݇
Equation 11-4-2  

ߪ݀ ቀܽܿ݌ܧ ՜ ܸீ ሺݎ௞ାሻቁ ൎ ௞ߪ݀ ൌ ൫ܸீߪ݀ ሺݎ௞ሻ൯ ൎ ܽܿ݌ܧ௞ଶ݀ݎߨ ൎ ߨ ൤
ܾ݉௘݉௣

ߨ݇ ൨
ଶ

 ܽܿ݌ܧ݀

 
Similarly, for the case where ܧ௣௖௔ is just under the potential energy ܸீ ሺݎ௞ିଶሻ of the ݇ െ 2  
maximum, 
Equation 11-4-3  

ߪ݀ ቀܧ௣௖௔ ՜ ܸீ ሺݎ௞ିଶሻቁ ൎ ௞ିଶߪ݀ ൌ ൫ܸீߪ݀ ሺݎ௞ିଶሻ൯ ൎ ௣௖௔ܧ௞ିଶଶ݀ݎߨ ൎ ߨ ൦
ܾ݉௘݉௣

ሺ݇ െ 2ሻߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰
൪

ଶ

௣௖௔ܧ݀

ൎ ߨ ൤
ܾ݉௘݉௣

ሺ݇ െ 2ሻߨ൨
ଶ

௣௖௔ܧ݀ ൎ
௞݇ଶߪ݀

ሺ݇ െ 2ሻଶ ܧ݀ ൐  ௞ߪ݀

 

Defining ܳௗ ൌ
௏ಸሺ௥ೖሻିா೛೎ೌ
௏ಸሺ௥ೖషమሻ 

ൌ ௏ಸሺ௥ೖషమሻ௘
ቆ మೌഏ
್೘೐೘೛

ቇ
ିா೛೎ೌ

௏ಸሺ௥ೖషమሻ 
ൌ 13.59 െ ா೛೎ೌ

௏ಸሺ௥ೖషమሻ 
 provides 

                                                 
206 At even ݊ indices, ݎ௡ is a minimum and its potential energy is negative.  Therefore, it is possible that the velocity and the 
kinetic energy of the electron as it encounters these minima may be larger than their initial values.   
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Equation 11-4-4a  

௣௖௔ܧ ൌ ൫13.59െܳ݀൯ܸܩሺ݇ݎെ2ሻ 
 
The impact energy ܧ௣௖௔ of the electron can therefore be fully defined by the variables ܳௗ and ݇.  

Hence, ݀ߪ൫ܽܿ݌ܧ൯ can be expressed as ቀௗ
మఙ൫ܽܿ݌ܧ൯
ௗொ೏ௗ௞

ቁ ݀ܳௗ݀݇.207 

In the case of an electron with an impact energy level falling anywhere between its 
potential energy at the ݇௧௛ maximum and the ݇ െ 2 maximum, ܧ௣௖௔ is given by 
Equation 11-4-4b  

ܸீ ሺݎ௞ିଶሻ ൏ ௣௖௔ܧ ൌ ሺ13.59 െ ܳௗሻܸீ ሺݎ௞ିଶሻ ൏ ܸீ ሺݎ௞ሻ  
 
where 
Equation 11-4-4c  

 0 ൏ ܳௗ ൏ ݁
൬ మೌഏ
್೘೐೘೛

൰
െ 1 ൌ 12.59 

 
In such cases, an electron with an initial impact parameter of ܤ ൏  ௞ will have sufficient energyݎ
to penetrate the ݇ െ 2 zone and to reach the ݇௧௛ zone.  As the ݇ െ 2  maximum and the ݇ െ 1  
minimum are not negligible relative to ܧ௣௖௔, the electron will be deflected as it passes the ݇ െ 2  
maximum, and again as it passes the ݇ െ 1 minimum.  These deflections influence the energy 
and momentum of the electron, and therefore its direction of propagation.  However, as the 
combined width of these zones is extremely narrow, the deflections exert little effect on the 
actual location where the electron encounters the ݇௧௛ zone.  Therefore, whether or not the given 
electron collides with a hard sphere depends mainly on the electron’s initial impact parameter 
௣௖௔ܧ With  208.ܤ ൎ ൯ܽܿ݌ሬሬԦݎ൫ܩܸ ൏ ,݇ݎሺܩܸ ߛ ൌ 1ሻ, the electron does not have sufficient energy to 
penetrate the ݇௧௛ zone, and consequently, in the case of ܤ ൏  ௞, the electron is deflected by aݎ
hard sphere and its forward motion toward the nucleon is halted at the impact point.  In the 
specific case of a high-loss DIS event, where the energy lost by the electron ߥ ൌ ଴ܧ െ  ∞ →௙ܧ

and ܳଶ ൌ ଶ݊݅ݏ௙ܧ଴ܧ4 ቀ
ఏ
ଶ
ቁ→ ∞, the scattering angle approaches ߨ and the electron’s relative 

velocity at the point of closest approach (or impact point) becomes about zero, leading to 

ܸீ ቀݎ௞ ൅ ,ܽܿ݌ܧߝ ߛ ൌ 1ቁ ൌ  Note that it was taken into consideration that the rest mass of the  .ܽܿ݌ܧ

electron as well as its nearly diminished kinetic energy at the impact point ݎ௞ ൅  are ܽܿ݌ܧߝ
negligible relative to the impact energy ܧ௣௖௔.  Since the electron is scattered by a nearly hard 

                                                 
207 Note that the potential energy maxima are odd integers, therefore ݀݇ is not continuous, and instead changes in steps of two. 
208 Note that the UG and the electromagnetic interactions are both long-range forces.  In proton-electron scattering, at all 
distances greater than nuclear scale, the UG contribution is negligible compared with the electromagnetic contribution (by a 
factor of approximately 10ଷଽ) and can be neglected.  However, at such distances the electromagnetic force reduces the impact 
parameter ܤ by pulling the electron toward the proton.  This may explain why the cross section of a proton-electron DIS is 
observed to be larger than the cross section of a neutron-electron DIS as the Bjorken scale variable ߯ ՜ 1. 
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sphere of radius ݎ௞ ൅ ௣௖௔൯ܧ൫ߪ݀ its cross section is given by ,ܽܿ݌ܧߝ ൌ ߨ ቀݎ௞ ൅ ா೛೎ೌቁߝ
ଶ
  .௣௖௔ܧ݀

Consequently, the minimum value of ܽܿ݌ܧߝ is at the limit ܧ௣௖௔ ൌ ՜൅0ߜ ݈݉݅ ݇ݎሺܩܸ ൅ ߛ,ߜ ൌ 1ሻ, and 
ܽܿ݌ܧߝ ՜ 0 as the distance between the point of closest approach and the nucleon converges toward 
 ௞,௠௔௫, is associated with theߝ denoted ,ܽܿ݌ܧߝ ௞.  On the other hand, the maximal value ofݎ
minimum energy ܧ௣௖௔ with which the electron can penetrate the ݇ െ 2 zone as it approaches and 
recedes from the impact point on its way to the detector.  This energy value is significantly more 
difficult to calculate for several reasons.  First, the velocity of the electron as it encounters the 
݇ െ 2 maximum is unknown, and may be relativistic, and consequently may affect the height and 
the perceived location of the ݇ െ 2 maximum.  In addition, the amount of energy lost by the 
electron during the time it spent between the distances of the ݇ െ 2 maximum and ݎ௞ ൅  is ܽܿ݌ܧߝ
substantial, thus the energy of the electron as it passes through the ݇ െ 2 maximum is uncertain.  
However, it is clear that ݎ௞ ൅ ௞,௠௔௫ߝ ൏ ݇ ௞ିଶ is the radius of theݎ ௞ିଶ, whereݎ െ 2 maximum, as 
perceived by a non-relativistic electron. 
 In the case of an electron with an impact energy of ܧ௣௖௔, where ܸீ ሺݎ௞ିଶ, ߛ ൌ 1ሻ ൏ ௣௖௔ܧ ൎ
ܸீ ൫ݎ௣௖௔൯ ൏ ܸீ ሺݎ௞, ߛ ൌ 1ሻ, and an impact parameter of ݎ௞ ൅ ܽܿ݌ܧߝ ൏ ܤ ൏  ௞ିଶ, the electron willݎ
escape the ݇௧௛ zone without colliding with its impenetrable hard sphere.  The electron will then 
re-enter zone ݇ െ 1 on its way toward the detector, while retaining a non-zero and possibly 
relativistic velocity at the point of closest approach ݎ௣௖௔ within the ݇௧௛ zone.  At an impact 
parameter ܤ just above ݎ௞ ൅  the scattering may still be significantly inelastic, however, as ,ܽܿ݌ܧߝ
the value of ܤ approaches ݎ௞ିଵ, the scattering becomes less inelastic.   

Consequently, DIS cross sections demonstrate discontinuity at energy levels that match 
the potential energy of the zonal maxima.  In the case of a close encounter between the electron 
and the ݇ െ 2 maximum, the cross section reduces abruptly from ݎߨ௞ିଶଶ݀ܽܿ݌ܧ to ߨ൫ݎ௞ ൅
 ௣௖௔ continues to increase betweenܧ As the electron’s impact energy  .ܽܿ݌ܧ௞,௠௔௫ሻଶ݀ߝ
ܸீ ൫ݎ௞ାఌೖ,೘ೌೣ, ߛ ൌ 1൯ and ܸீ ሺݎ௞, ߛ ൌ 1ሻ, the cross section decreases gradually toward ݀ߪ௞ ൌ
ܽܿ݌ܧ The next discontinuity occurs at the energy  .ܽܿ݌ܧ௞ଶ݀ݎߨ ൌ ܸீ ൫ݎ௞ାଶାఌೖశమ,೘ೌೣ, ߛ ൌ 1൯, where 

the cross section reduces abruptly from ݎߨ௞ଶ݀ܽܿ݌ܧ to  ߨ൫ݎ௞ାଶ ൅ ௞ାଶ,௠௔௫൯ߝ
ଶ݀ܽܿ݌ܧ.   This pattern of 

discontinuities, or scaling gaps, depicted in Figure 11-5 will be shown to occur, and to provide a 
scaling phenomenon that is similar to Bjorken scaling. 

As discussed, since ܸீ  is a continuous function of the parametric distance ݎ, for any ܧ௣௖௔ 
compliant with ܸீ ሺݎ௞ିଶ, ߛ ൌ 1ሻ ൏ ௣௖௔ܧ ൏ ܸீ ሺݎ௞, ߛ ൌ 1ሻ, there is a distance ߝ௞ at which ܧ௣௖௔ ൌ
݇ݎሺܩܸ  ൅ ,݇ߝ ߛ ൌ 1ሻ, where ݎ௞ ൏ ௞ݎ ൅ ௞ߝ ൏   ,௞ିଶ.  Thereforeݎ
Equation 11-4-5 

൯ܽܿ݌ܧ൫ߪ݀ ൌ ߪ݀ ቀ൫13.59 െ ܳ݀൯ܸீ ሺݎ௞ିଶሻቁ ൎ ௞ݎሺߨ ൅  ܽܿ݌ܧ௞ሻଶ݀ߝ
 



 

231 
 

where the value of ߝ௞ depends on the values of ݇ and ܳௗ.  For a high-loss deep inelastic 
scattering to take place, the potential energy at the point of closest approach must comply with  

ܸீ ൫ݎԦ௣௖௔, ߛ ൌ 1൯ ൎ ܽܿ݌ܧ ൐ 0 and ߛ ቀݒ൫ݎԦ௣௖௔൯ቁ ൌ 1.  The zero crossing of the potential energy of a 

non-relativistic electron preceding ݎ௞ can be denoted as ݎ௞ିଵ ଶ⁄ .  Thus, ܸீ ൫ݎ௞ିଵ ଶ⁄ , ߛ ൌ 1൯ ൌ 0, 
where ݎ௞ ൏ ௞ିଵݎ ଶ⁄ ൏ ீܸ Ԧ௣௖௔, whereݎ ௞ିଵ.  At the impact pointݎ ൫ݎ௣௖௔, ߛ ൌ 1൯ ൎ  the slope of ,ܽܿ݌ܧ
the potential energy ܸீ  must be negative.  Further note that ܧ௣௖௔ must be positive for the electron 
to escape the nucleon and reach the detector.  Therefore, the range of distances between ݎ௞ିଵ/ଶ ൏
௣௖௔ݎ ൏  ,௞ିଶ can be ruled out as possible distances for scattering by a hard sphere. Consequentlyݎ
the value of ߝ௞ is restricted to the range of 0 ൏ ௞ߝ ൏ ௞ିଵ/ଶݎ െ  ௞ .  This creates a discontinuity inݎ
the cross section function, as the cross section of ܧ௣௖௔ ൌ  െ2ሻ is given by݇ݎሺܩܸ
݈݅݉ఋ՜ା଴൫݀ߪሺܸீ ሺݎ௞ିଶሻ െ ሻ൯ߜ ൌ  while the DIS cross section of an infinitesimally ,ܽܿ݌ܧ௞ିଶሻଶ݀ݎሺߨ
higher impact energy ܧ௣௖௔ ൌ െ2ሻ݇ݎሺܩܸ ൅ ሺܸீߪresults in ݈݅݉ఋ՜ା଴൫݀ ߜ ሺݎ௞ିଶሻ ൅ ሻ൯ߜ ൎ
௞ݎሺߨ ൅ ௞ݎ where ,ܽܿ݌ܧ௞ሻଶ݀ߝ ൏ ௞ݎ ൅ ௞ߝ ൏ ௞ିଵ/ଶݎ ൏ ௞ିଵݎ ൏  ,௞ିଶ.  These discontinuities (or gaps)ݎ
denoted as ∆௞, are given by 
Equation 11-4-6  

∆௞ൌ ݈݅݉
ఋ՜ା଴

൫݀ߪሺܸீ ሺݎ௞ିଶሻ െ ሻߜ െ ሺܸீߪ݀ ሺݎ௞ିଶሻ ൅ ሻ൯ߜ ൎ ܽܿ݌ܧ௞ିଶሻଶ݀ݎሺߨ െ ௞ݎሺߨ ൅  ܽܿ݌ܧ௞ሻଶ݀ߝ

 
or 
Equation 11-4-7  

ሺߨሺݎ௞ିଶሻଶ െ ܽܿ݌ܧ௞ଶሻ݀ݎߨ ൐ ∆௞൐ ሺߨሺݎ௞ିଶሻଶ െ  ܽܿ݌ܧ௞ିଵଶሻ݀ݎߨ
 
Recall that the velocity of the electron upon being scattered by the higher potential energy barrier 
is non-relativistic.  Hence, the above inequalities can also be estimated for the non-relativistic 
electron, 
Equation 11-4-8 

∆௞൐ ሺݎߨ௞ିଶଶ െ ௣௖௔ܧ௞ିଵଶሻ݀ݎߨ ൐

ە
۔

ۓ
ߨ ൦

ܾ݉௘݉௣

ሺ݇ െ 2ሻߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰
൪

ଶ

െ ߨ ൦
ܾ݉௘݉௣

ሺ݇ െ 1ሻߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰
൪

ଶ

ۙ
ۘ

ۗ
 ௣௖௔ܧ݀

 
As ܽ݊ܽݐܿݎ ൬ ௔

௕௠೐௠೛
൰ ൌ 0.3936 ا ሺ݇ െ 2ሻߨ, 

Equation 11-4-9 

∆௞൐
൫ܾ݉௘݉௣൯

ଶ

ߨ ቈ൬
1

݇ െ 2൰
ଶ

െ ൬
1

݇ െ 1൰
ଶ

቉ ௣௖௔ܧ݀ ൌ
൫ܾ݉௘݉௣൯

ଶ

ߨ ൬
2݇ െ 3

ሺ݇ െ 2ሻଶሺ݇ െ 1ሻଶ൰ ௣௖௔ܧ݀ ՜
2൫ܾ݉௘݉௣൯

ଶ

݇ଷߨ   ௣௖௔ܧ݀

݇ ݏܽ    ՜ ∞ 
and  
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Equation 11-4-10 

∆௞൏ ሺݎߨ௞ିଶଶ െ ௣௖௔ܧ௞ଶሻ݀ݎߨ ൏ ൞ߨ ൦
ܾ݉௘݉௣

ሺ݇ െ 2ሻߨ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰
൪

ଶ

െ ߨ ൦
ܾ݉௘݉௣

ߨ݇ ൅ ݊ܽݐܿݎܽ ൬ ܽ
ܾ݉௘݉௣

൰
൪

ଶ

 ௣௖௔ܧ݀ൢ

 

 Figure 11-5: Provides an illustration of the DIS cross section of particles such as electrons by a nucleon (note that for the 
purpose of clarity, the mass of the scattered particle used in this example is slightly larger than mass of an electron, allowing for 
the clear identification of more than three maxima in the graph).  The figure further includes the curve of 1.28 כ 10ିଶଷ ܬ ݉ଶ⁄ כ
 ଶ, which is proportional to the hard sphere cross section of a zone.  The multiplication factor is included in order to allow theݎߨ
hard sphere cross section to be displayed in the same figure, along the zone energies.  Discontinuity in the cross section can be 
noted at every maximum, creating cross section ‘scaling gaps’ between the zones and generating a phenomenon similar to the 
observed Bjorken scaling.  The degree of curvature of the cross section between any two successive discontinuities becomes 
increasingly insignificant as ݀ߪ and ݎ reduce, and as ݇ increases (where the zone maximum index, given by an odd integer ݇, is 
analogous to ߯, where ߯ is the Bjorken scale variable).  This increase in the cross section curvature at low k indices (low 
߯ values) explains the break in scaling at low values of ߯. 

As ܽ݊ܽݐܿݎ ൬ ௔
௕௠೐௠೛

൰ ൏ ߨ 2⁄ ا ሺ݇ െ 2ሻߨ ൏   ,ߨ݇
Equation 11-4-11 

∆௞൏ ൬ߨ ቂ௕௠೐௠೛
ሺ௞ିଶሻగ

ቃ
ଶ
െ ߨ ቂ௕௠೐௠೛

௞గ
ቃ
ଶ
൰ ௣௖௔ܧ݀ ൌ

൫௕௠೐௠೛൯
మ

గ
ቀ ସ௞ିସ
௞మሺ௞ିଶሻమ

ቁ ௣௖௔ܧ݀ ՜
ସ൫௕௠೐௠೛൯

మ

௞యగ
݇ ௣௖௔ asܧ݀ ՜ ∞ 

 

Scaling gap at 
maximum ݇ ൌ ݊ െ 4

Scaling gap at maximum  ݇ ൌ ݊ െ 2 

Scaling gap at maximum ݇ ൌ ݊

Scaling gap at maximum ݇ ൌ ݊ ൅ 2 

௡ିଶݎ௡ିସݎ
 ௡ିଵݎ

ܸீ ሺݎ௡ሻ 

ܸீ ሺݎ௡ିଶሻ 

1.28 כ 10ିଶଷݎߨଶ 
Cross section

௡ݎ        ௡ݎ  ൅  ௡ߝ

௡ିଵݎ ଶ⁄  

and 1.28 ܬ כ 10ିଶଷ ߪ  

ݎ
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Therefore, the width of the ݇௧௛ discontinuity in the cross section is consistent with  
൫௕௠೐௠೛൯

మ

గ
ቀ ଶ௞ିଷ
ሺ௞ିଶሻమሺ௞ିଵሻమ

ቁ ௣௖௔ܧ݀ ൏ ∆௞൏
൫௕௠೐௠೛൯

మ

గ
ቀ ସ௞ିସ
௞మሺ௞ିଶሻమ

ቁ   ௣௖௔, which converges toܧ݀

 

  ଶ൫௕௠೐௠೛൯
మ

௞యగ
௣௖௔ܧ݀ ൏ ݈݅݉௞՜∞ ∆௞൏

ସ൫௕௠೐௠೛൯
మ

௞యగ
݇ ௣௖௔ asܧ݀ ՜ ∞. 

 
Consequently, deep inelastic scattering results in a series of discontinuities that resemble 

the behavior of Bjorken scaling.  The next step is to determine the behavior of the double 
differential cross section as a function of ܳௗ and the zonal index ݇. 

Knowledge of the value of ߝ௞ is required for the calculation of the cross section scaling 
pattern.  The approach taken here is to approximate ܸீ ሺݎሻ by a linear function lying between the 
potential energy of a non-relativistic electron at the maximum ܸீ ሺݎ௞ሻ, located at ݎ௞, and the 
preceding zero crossing ܸீ ൫ݎ௞ିଵ ଶ⁄ ൯ ൌ 0, located at ݎ௞ିଵ/ଶ.  Note that the selection of the non-
relativistic values of ܸீ ሺݎ௞ሻ and ܸீ ൫ݎ௞ିଵ ଶ⁄ ൯ is driven by the realization that for a DIS event to 
occur, the velocity of the electron at the impact location of ݎ௞ ൅  ௞ should be close to zero.  Theߝ
slope ܵ௏ of this function is given by 
Equation 11-4-12 

ܵ௏ ൌ
ܸீ ሺݎ௞ሻ െ ܸீ ൫ݎ௞ିଵ ଶ⁄ ൯

൫ݎ௞ െ ௞ିଵݎ ଶ⁄ ൯
ൌ

ܸீ ሺݎ௞ሻ
൫ݎ௞ െ ௞ିଵݎ ଶ⁄ ൯

 

 
Therefore, the distance ݎ at which a particle with an impact energy of ܸீ ሺݎ௞ିଶሻ ൏ ܽܿ݌ܧ ൏ ܸீ ሺݎ௞ሻ 
will encounter a potential energy equal to ܧ௣௖௔  is given approximately by 
Equation 11-4-13 

ܽܿ݌ܧ
൫ݎ െ ௞ିଵݎ ଶ⁄ ൯

ൌ ܵ௏ ൌ
ܸீ ሺݎ௞ሻ

൫ݎ௞ െ ௞ିଵݎ ଶ⁄ ൯
 

 
or 
Equation 11-4-14  

ݎ ൌ
௞ݎ൫ܽܿ݌ܧ െ ௞ିଵݎ ଶ⁄ ൯

ܸீ ሺݎ௞ሻ
൅ ௞ିଵݎ ଶ⁄  

 
At a minimum, ܧ௣௖௔ ൌ ீܸ ሻ cannot be lower thanߝݎሺܩܸ ሺݎ௞ିଶሻ.  Otherwise, the electron would 
remain trapped between the ݇௧௛ maximum and the ݇ െ 2 maximum, and would not reach the 
detector.  Solving specifically for the minimum at ݎఌ ൌ ௞ݎ ൅ ௣௖௔ܧ ௞, whereߝ ൌ ሻߝݎሺܩܸ ൌ  ,െ2ሻ݇ݎሺܩܸ
provides 
Equation 11-4-15  

ఌݎ ൌ
ܸீ ሺݎ௞ିଶሻ

௚ܸሺݎ௞ሻ
൫ݎ௞ െ ௞ିଵݎ ଶ⁄ ൯ ൅ ௞ିଵݎ ଶ⁄  
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According to equation 11-8, non-relativistic ܸீ  zero crossings occur where ܿݏ݋ ൬௕௠೐௠೛

௥ೖషభ మ⁄
൰ ൌ

݁ି௔ ௥ೖషభ మ⁄⁄ .  In a high-energy DIS experiment the UG exponent ݁௔ ௥ೖషభ మ⁄⁄  must be very large.  

Subsequently, ݁ି௔ ௥ೖషభ మ⁄⁄ ൎ 0.  Thus, ݎ௞ିଵ ଶ⁄ ൎ ௕௠೐௠೛
ሺ௞ିଵ ଶ⁄ ሻగ

.  Defining ߗ ൌ ሺ ݊ܽݐܿݎܽ ௔
௕௠೐௠೛

ሻ and 

using equations 11-4-15, 11-2-11 and 11-9b (with ߛ ൌ 1 at both ݎ௞ and ݎ௞ିଶሻ, as well as the 
above expression for ݎ௞ିଵ ଶ⁄ , yields 
Equation 11-4-16  

ఌݎ ൎ ݁ିଶ௔గ ൫௕௠೐௠೛൯⁄ ൤
ܾ݉௘݉௣

ߨ݇ ൅ ߗ െ
ܾ݉௘݉௣

ሺ݇ െ 1 2⁄ ሻߨ൨ ൅
ܾ݉௘݉௣

ሺ݇ െ 1 2⁄ ሻߨ 

or 
Equation 11-4-17  

ఌݎ ൎ
ܾ݉௘݉௣

ሺ݇ െ 1 2⁄ ሻߨ ቊ݁
൫ିଶ௔గ ൫௕௠೐௠೛൯⁄ ൯ ቈ

െ1 െ ߗ2 ⁄ߨ
2ሺ݇ ൅ ߗ ⁄ሻߨ ቉ ൅ 1ቋ 

 
and 
Equation 11-4-18  

௣௖௔൯ܧ൫ߪ݀  ؆ ௣௖௔ܧఌଶ݀ݎߨ ൌ
ଵ
గ
ቊ௕௠೐௠೛
ሺ௞ିଵ ଶ⁄ ሻ

ቄ݁൫ିଶ௔గ ൫௕௠೐௠೛൯⁄ ൯ ቂିଵିଶఆ గ⁄
ଶሺ௞ାఆ గሻ⁄

ቃ ൅ 1ቅቋ
ଶ

 ௣௖௔ is just above ௞ܸିଶܧ ௣௖௔ whenܧ݀

In the general case, in which the electron’s impact energy ܧ௣௖௔ in the rest frame of the nucleon is 
within the range ܸீ ሺݎ௞ିଶሻ ൏ ܽܿ݌ܧ ൑ ܸீ ሺݎ௞ሻ, the cross section ݀ߪ൫ܽܿ݌ܧ൯ (using equation 11-4-14) 
is given approximately by 
Equation 11-4-19 

൯ܽܿ݌ܧ൫ߪ݀ ൎ ܽܿ݌ܧாଶ݀ݎߨ ൎ ߨ ൬
ܽܿ݌ܧ
ܸீ ሺݎ௞ሻ

൫ݎ௞ െ ௞ିଵݎ ଶ⁄ ൯ ൅ ௞ିଵݎ ଶ⁄ ൰
ଶ
 ܽܿ݌ܧ݀

or 
Equation 11-4-20  

௣௖௔൯ܧ൫ߪ݀ ൎ ௣௖௔ܧாଶ݀ݎߨ ൎ ߨ ൭൬
௣௖௔ܧ
ܸீ ሺݎ௞ሻ

൰ ൤
ܾ݉௘݉௣

ߨ݇ ൅ ߗ െ
ܾ݉௘݉௣

ሺ݇ െ 1 2⁄ ሻߨ൨ ൅
ܾ݉௘݉௣

ሺ݇ െ 1 2⁄ ሻߨ൱
ଶ

 ௣௖௔ܧ݀

or 
Equation 11-4-21  

௣௖௔൯ܧ൫ߪ݀ ൎ
1
ߨ ൬

ܾ݉௘݉௣

ሺ݇ െ 1 2⁄ ሻ൰
ଶ

ቈ
െܧ௣௖௔ሺ1 ൅ ߗ2 ⁄ߨ ሻ
2ሺ݇ ൅ ߗ ⁄ሻߨ ܸீ ሺݎ௞ሻ

൅ 1቉
ଶ

 ௣௖௔ܧ݀

 
Substituting equation 11-1-2, where ݇ is an odd integer, into equation 11-4-21 yields 
Equation 11-4-22  

௣௖௔൯ܧ൫ߪ݀ ൎ
1
ߨ ൬

ܾ݉௘

2ሺ݇ ൅ ߗ ⁄ߨ ሻሺ݇ െ 1 2⁄ ሻ൰
ଶ

൥
െܧ௣௖௔ሺ1 ൅ ߗ2 ⁄ߨ  ሻ

൫݉௣,݉௘൯݁൫௞௔గܣ ௕௠೐௠೛⁄ ൯
൅ 2ሺ݇ ൅ ߗ ⁄ߨ ሻ൩

ଶ

 ௣௖௔ܧ݀
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Under the condition where ܸீ ሺݎ௞ିଶሻ ൏ ܽܿ݌ܧ ൏ ܸீ ሺݎ௞ሻ, equation 11-1-3b at the maxima ܸீ ሺݎ௞ିଶሻ 
and ܸீ ሺݎ௞ሻ provides 
Equation 11-4-23  

൫݉௣,݉௘൯݁ሺ௞ିଶሻ൫௔గܣ ௕௠೐௠೛⁄ ൯ ൏ ܽܿ݌ܧ ൏ ൫݉௣,݉௘൯݁௞൫௔గܣ  ௕௠೐௠೛⁄ ൯ 
 
Substituting equations 11-4-23 and 11-4-4a in equation 11-4-22 yields  
Equation 11-4-24  

൯ܽܿ݌ܧ൫ߪ݀ ൎ
1
ߨ
ቆ

ܾ݉௘݉௣
ሺ݇ ൅ ߗ ⁄ߨ ሻሺ2݇ െ 1ሻ

ቇ
ଶ

ቂെሺ13.59 െ ܳௗሻሺ1 ൅ ߗ2 ⁄ߨ  ሻ݁൫ିଶ௔గ ௕௠೐௠೛⁄ ൯

൅ 2ሺ݇ ൅ ߗ ⁄ߨ ሻ൧
ଶ
 ܽܿ݌ܧ݀

 
Substituting the estimated values ܽ ൌ 5.7 כ 10ିଵସ ݉,  ܾ ൎ 0.9 כ 10ସସ ݉/݇݃ଶ and the given 
masses of the electron and proton into equation 11-4-24, with the realization that at close to a 
180° scattering angle the velocity at the point of closest approach is non-relativistic, results in  
Equation 11-4-25 

௙൯ܧ൫ߪ݀ ൌ
݀ଶߪ൫ܧ௙൯
݀ܳௗ݀݇

݀ܳௗ݀݇ ൌ 6 כ 10ିଶ଻ ൬
1

ሺ݇ ൅ 0.125ሻሺ2݇ െ 1ሻ൰
ଶ
ሾെ0.092ሺ13.59 െ ܳௗሻ ൅ 2ሺ݇ ൅ 0.125ሻሿଶ݀ܳௗ݀݇ 

 
where according to equation 11-4-4c,  0 ൏ ܳ݀ ൏ 12.59.  Figures 11-6a and 11-6b illustrate the 
resulting scaling behavior by displaying the ‘hard sphere’ cross section ௗమఙ

ௗொ೏ௗ௞
 as a function of ܳௗ.  

Each waveform is associated with the inelastic scattering produced by electron collisions with a 
given ݇௧௛ zone, where ݇ is an odd integer. 
 

 
 
Figure 11-6a: Display of the UG DIS double differential cross section scaling, calculated via equation 11-4-25, due to repulsive 
zones above ݇ ൌ 5.  Note that within the provided range of energies, where ݇ ൏ 73, the effect of the UG scaling may be masked 
by the much larger electromagnetic interaction, as well as by the effect of the uncertainty principle.  Nevertheless, the figure is 
displayed in order to effectively demonstrate the scaling break that occurs at relatively low ݇ values.  

ܳௗ 

݇ ൌ 5

݇ ൌ 7

݇ ൌ 9
݇ ൌ 11
݇ ൌ 13
݇ ൌ 19

݀ଶߪ
݀ܳௗ݀݇
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Figure 11-6b: Display of the calculated double differential cross section of a UG deep inelastic scattering in the range between 
݇ ൌ 63 and ݇ ൌ 123.  Across most of this range of energy, the UG interaction dominates over the effects of the electromagnetic 
interaction, and the uncertainty principle.  The displayed cross section provides clear scaling properties, as well as a break in the 
scaling at low ݇ values.  The scaling pattern in figures 11-6a and b bears a resemblance to the observed Bjorken scaling pattern of 
the form factor ܨଶሺݔ, ܳଶሻ provided in Figure 11-7 within the range of 0.0009 ൏ ߯ ൏ 0.275, where an odd ݇ is analogous to the 
Bjorken variable ߯ and the factor ܳௗ is analogous to ܳଶ. 
 
As demonstrated in equation 11-4-25, and in figures 11-6a and 11-6b, the dependency of the DIS 
double differential cross section on ܳௗ is relatively weak, and therefore provides a scaling 
pattern similar to the observed Bjorken scaling.  Similar to Bjorken scaling, the calculated 
scaling of equation 11-4-25 displays a break in the scaling at low values of ݇, in which the cross 
section ௗమఙ

ௗொ೏ௗ௞
  is increased with increasing ܳௗ.  As anticipated, an increase in ߯ (signifying that 

the scattering becomes more inelastic) corresponds with an increase in ݇, while an increase in ܳଶ 
corresponds with an increase in ܳௗ.209   

Using equations 11-3-16 and 11-4-4a, the scaling and the break in the scaling at low ݇ 
values are given by 

 
 

                                                 
209 Providing that experimental data becomes available in this form (where the overall DIS cross section is dependent on ܳௗ and 
on odd ݇, rather than on ߯ and ܳଶ), the values of the UG constants ܽ and ܾ could be calculated with greater accuracy.  
 

݇ ൌ 73
݇ ൌ 75

݇ ൌ 77
݇ ൌ 79
݇ ൌ 81
݇ ൌ 83
݇ ൌ 85
݇ ൌ 87

݇ ൌ 95
݇ ൌ 99
݇ ൌ 103
݇ ൌ 109
݇ ൌ 115
݇ ൌ 123

ܳௗ 

݀ଶߪ
݀ܳௗ݀݇

 

 

݇ ൌ 63

݇ ൌ 65

݇ ൌ 67

݇ ൌ 69

݇ ൌ 71

݇ ൌ 91
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Equation 11-4-26  

௙൯ܧ൫ߪ݀ ൌ
݀ଶߪ

݀ܳௗ݀݇
݀ܳௗ݀݇ ൌ

ଶܽߨ

ቂ݈݊൫ܧ௣௖௔൯ െ ݈݊ ቀܦ൫݉௘,݉௣ ൯ቁቃ
ଶ ݀ܳௗ݀݇

ൌ
ଶܽߨ

ቂ݈݊൫ܸீ ሺݎ௞ିଶሻ൯ ൅ ݈݊ሺ13.59 െ ܳௗሻ െ ݈݊ ቀܦ൫݉௘,݉௣ ൯ቁቃ
ଶ ݀ܳௗ݀݇ 

 
where 0 ൌ ݈݊ሺ1ሻ ൑ ݈݊ሺ13.59 െ ܳௗሻ ൑ ݈݊ሺ13.59ሻ ൌ 2.609. 
 

 
Figure 11-7:  The deuteron structure function Fଶୢ measured in electromagnetic scattering of electrons (SLAC) and muons 
(BCDMS, E665, NMC) on a fixed target, shown as a function of ܳଶ for bins of fixed ݔ.  Statistical and systematic errors added in 
quadrature are shown.  For the purpose of plotting, Fଶ

୮ has been multiplied by 2୧౮, where ݅௫ is the number of the ݔ bin, ranging 
from 1 (ݔ ൌ 0.85) to 29 (ݔ ൌ 0.0009).  References: H1-C. Adolff et al., Eur. Phys. J. C21, 33 (2001); C. Adolff et al., Eur. Phys. 
J. hep-ex/0304003; ZEUS-S. Chekanov et al., Eur. Phys. J. C21,443 (2001); BCDMS-A.C. Benvenuti et al., Phys. Lett. B223, 
485 (1989); E665-M.R. Adams et al., Phys Rev. D54, 3006 (1996); NMC-M. Arneodo et al., Nucl. Phys. B483, 3 (97); SLAC-
L.W. Whitlow et. Al., Phys. Lett. B282, 475 (1992).  (Source: “16. Structure Functions” by B. Foster, A.D. Martin and M.G. 
Vincter, citation: W. M. Yao et al., Journal of Physics G 33, 1 (2006) available on the PDG WWW pages (URL: 
http;//pdg.1bl.gov/) July 2006.) 
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Equation 11-4-26 demonstrates that when ݈݊൫13.59 െ ܳ݀൯ ا ݈݊൫ܸீ ሺݎ௞ିଶሻ൯ for odd ݇,   
ௗమఙ

ௗொ೏ௗ௞
 is almost independent of ܳௗ (thus resulting in the scaling phenomenon).  At lower odd ݇ 

indices, where ݈݊൫13.59 െ ܳ݀൯ is not negligible compared with ݈݊൫ܸீ ሺݎ௞ିଶሻ൯,  
ௗమఙ

ௗொ೏ௗ௞
  declines 

with decreasing ܳௗ, generating the break in scaling observed for low ݇ (or low ߯) values.  In 
either case, the DIS cross section fall-off with decreasing ܳௗ (or increasing ܧ௣௖௔ and 
decreasing ܳଶ) is significantly weaker than the elastic scattering (which falls off proportionally 
to 1 ⁄଴ଶܧ  ).  As stated above, this weaker fall-off provided by the UG theory is consistent with 
reported experimental data in the range of 0 ൏ ߯ ൏ 0.275.  
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Appendix A:  The UG Scaling Theorems 
      
 Nebulae and galaxies are observed to come in many shapes and sizes.  This raises the 
question of whether the morphology observed for an astronomical object of a given size can 
recur in astronomical objects on an entirely different distance scale.  As satellites, planets, stars, 
nebulae, galaxies and clusters of galaxies are assumed to be governed by the same gravitational 
law, it is logical to suppose that the same morphology can be observed across distance scales.  
According to the UG theory, for any given system consisting of a test object that rotates around a 
source object with an orbital radius significantly larger than the constant ܽ (approximately larger 
than the size of an atom), the following UG scaling theorem can be applied: 
 
A-1: The First UG Scaling Theorem 
 
 Consider a system containing a test object with ݆ ൌ 1 to ܬ groups of ܰ௠ೕ particles of mass 

௝݉ located at ݎԦ௝ moving at velocities ݑሬԦ௝ relative to the center of the source object.  The source 
object contains ݇ ൌ 1 to ܭ groups of ܰெೖ particles of mass ܯ௞ located at ݏԦ௞ moving at velocities 
of ݒԦ௞ relative to its center.210  The UG potential energy of the test object is therefore given by 
 
ܸீ ൬ቄݎԦ௝, ௝݉ , ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ

, ൛ݏԦ௞,ܯ௞, ܰெೖ, Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

ൌ െ
ܩ
ܽ ቌ෍෍ܰ௠ೕ ௝݉

௄

௞ୀଵ

௃

௝ୀଵ

ܰெೖܯ௞ߛଶ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ ቈ݁௔/஽̀ೕೖܿݏ݋ ቆ
௞ܯܾ ௝݉ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

௝௞ܦ̀
ቇ െ 1቉ቍ 

 
The UG potential energy between the two objects of the system scaled via ௝݉ ՜ ܲ ௝݉, ܯ௞ ՜
Ԧ௝ݎ ,௞ܯܳ ՜ Ԧ௞ݏ Ԧ௝ andݎܳܲ ՜  ሬԦ௝ൟݑԦ௞, where ܲ and ܳ are rational numbers211 and all velocities ൛ݏܳܲ
and ሼݒԦ௞ሽ remain unaltered, yields 
 
ܸீ ൬ቄܲܳݎԦ௝, ܲ ௝݉, ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ

, ൛ܲܳݏԦ௞, ,௞,ܰெೖܯܳ Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ ൌ

ܸܲܳீ ൬ቄݎԦ௝, ௝݉ , ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ܰெೖ,    Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

 
where the angular velocity of any particle in the scaled system is reduced by a factor of ܲܳ 
௝ݓ) ՜ ௝ݓ ܲܳ⁄  and ݓ௞ ՜ ௞ݓ ܲܳ⁄ ). 
 
 

                                                 
210 Note that this description is sufficiently general to describe any real astronomical system, as it is always possible to select the 
SHP groups in such a way that each one includes only a single particle.  Thus, ܰ௠ೕ ൌ 1 and ܰெೖ ൌ 1 for all ݆ and ݇, and the 
number of particles in the system is equal to ܬ ൅  .ܭ
211 Although the values of ܲ and ܳ can mathematically be any real number, ܲ and ܳ only have a physical meaning as integers or 
rational numbers, since the number of particles must be given by an integer. 
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Proof: 

Denote  ݎԦ௝௞ ൌ Ԧ௝ݎ െ Ԧ௞ݏ ൌ ൫ݎ௝௞఼
ଶ ൅  צ௝௞ݎ

ଶ ൅ ௝௞ٟݎ
ଶ൯ଵ ଶ⁄

 and ݎ௝௞ ൌ หݎԦ௝௞ห, where within the plane 
defined by the vectors ݒԦ௞ and ݑሬԦ௝, ݎ௝௞఼is the ݎԦ௝௞ component that is perpendicular to the vector 
Ԧ௞ݒ െ Ԧ௞ݒ Ԧ௝௞ component that is parallel to the vectorݎ is the צ௝௞ݎ ,ሬԦ௝ݑ െ  ௝௞ٟݎ ሬԦ௝ within the plane, andݑ
is the ݎԦ௝௞ component that is perpendicular to the plane.  Since only the parallel component of ݎԦ௝௞ 
is contracted by the relativistic effect, the distance between the two particles, as viewed in the 
inertial frame of either particle, is given by 

௝௞ܦ̀  ൌ ൬ݎ௝௞఼
ଶ ൅

௥ೕೖצ 
మ

ఊమ൫ห௩ሬԦೖି௨ሬሬԦೕห൯
൅ ௝௞ٟݎ

ଶ൰
ଵ ଶ⁄

ൌ ൬ݎ௝௞ଶ െ  צ௝௞ݎ
ଶ ൅

௥ೕೖצ 
మ

ఊమ൫ห௩ሬԦೖି௨ሬሬԦೕห൯
൰
ଵ ଶ⁄

ൌ ቆݎ௝௞ଶ െ  צ௝௞ݎ
ଶ ൬1 െ ଵ

ఊమ൫ห௩ሬԦೖି௨ሬሬԦೕห൯
൰ቇ

ଵ ଶ⁄

 

with ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ ൌ ቆ1 െ ห௩ሬԦೖି௨ሬሬԦೕห
మ

௖మ
ቇ
ିଵ ଶ⁄

.  Thus, 

 

௝௞ܦ̀ ൌ ൭ݎ௝௞ଶ െ
หݒԦ௞ െ ሬԦ௝หݑ

ܿଶ

ଶ

 צ௝௞ݎ
ଶ൱

ଵ ଶ⁄

ൌ ൭ݎ௝௞ଶ െ
หݒԦ௞ െ ሬԦ௝หݑ

ܿଶ

ଶ

௝௞ଶݎ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ
หݒԦ௞ െ ሬԦ௝หݑ

ቇ
ଶ

൱
ଵ ଶ⁄

 

 
or 

௝௞ܦ̀ ൌ ௝௞ݎ ൭1 െ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ

ܿ ቇ
ଶ

൱
ଵ ଶ⁄

 

 
On scales significantly larger than nuclear scale, the distance between the two objects is 
substantially greater than ܽ; hence, ݁௔/஽̀ೕೖ becomes indistinguishable from 1.  Therefore, 
 Equation A-1-1 

ܸீ ൬ቄݎԦ௝, ௝݉ , ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ܰெೖ, Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

ൌ െ
ܩ
ܽ

ۉ

ۈ
ۈ
ۇ
෍෍ܰ௠ೕ ௝݉

௄

௞ୀଵ

௃

௝ୀଵ

ܰெೖܯ௞ߛଶ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

ۏ
ێ
ێ
ێ
ێ
ۍ

ݏ݋ܿ

ۉ

ۈ
ۈ
ۇ ௞ܯܾ ௝݉ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

௝௞ݎ ൭1 െ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ

ܿ ቇ
ଶ

൱
଴.ହ

ی

ۋ
ۋ
ۊ
െ 1

ے
ۑ
ۑ
ۑ
ۑ
ې

ی

ۋ
ۋ
ۊ

 

 
Scaling ௝݉ ՜ ܲ ௝݉, ܯ௞ ՜ Ԧ௝ݎ ,௞ܯܳ ՜ Ԧ௞ݏ Ԧ௝ andݎܳܲ ՜ Ԧ௝ݎܳܲ Ԧ௞ and using the identityݏܳܲ െ
Ԧ௞ݏܳܲ ൌ ܲܳ൫ݎԦ௝ െ Ԧ௞൯ݏ ൌ  Ԧ௞, providesݒ ሬԦ௝ andݑ Ԧ௝௞, while retaining the same sets of velocitiesݎܳܲ
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Equation A-1-3 

ܸீ ൬ቄܲܳݎԦ௝, ܲ ௝݉, ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ܲܳݏԦ௞, ,௞ܯܳ ܰெೖ, Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

ൌ െ
ܩ
ܽ

ۉ

ۈ
ۈ
ۇ
෍෍ܲܰ௠ೕ ௝݉

௄

௞ୀଵ

௃

௝ୀଵ

ܰெೖܳܯ௞ߛଶ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

ۏ
ێ
ێ
ێ
ێ
ۍ

ݏ݋ܿ

ۉ

ۈ
ۈ
ۇ ௞ܲܯܾܳ ௝݉ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

௝௞ݎܳܲ ൭1 െ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ

ܿ ቇ
ଶ

൱
଴.ହ

ی

ۋ
ۋ
ۊ
െ 1

ے
ۑ
ۑ
ۑ
ۑ
ې

ی

ۋ
ۋ
ۊ
ൌ

ൌ െ
ሺܲܳሻܩ
ܽ

ۉ

ۈ
ۈ
ۇ
෍෍ܰ௠ೕ ௝݉

௄

௞ୀଵ

௃

௝ୀଵ

ܰெೖܯ௞ߛଶ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

ۏ
ێ
ێ
ێ
ێ
ۍ

ݏ݋ܿ

ۉ

ۈ
ۈ
ۇ ௞ܯܾ ௝݉ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

௝௞ݎ ൭1 െ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ

ܿ ቇ
ଶ

൱
଴.ହ

ی

ۋ
ۋ
ۊ
െ 1

ے
ۑ
ۑ
ۑ
ۑ
ې

ی

ۋ
ۋ
ۊ

 

 
Thus, 
ܸீ ൬ቄܲܳݎԦ௝, ܲ ௝݉, ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ

, ൛ܲܳݏԦ௞, ,௞,ܰெೖܯܳ Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ ൌ

ሺܲܳሻܸீ ൬ቄݎԦ௝, ௝݉ , ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ܰெೖ,  Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

 
as claimed in the first part of the first theorem. 
 Note that for the first theorem to hold true, the set of velocities ൛ݑሬԦ௝ൟ and ሼݒԦ௞ሽ must remain 

unchanged.212  In the contrary case, the terms ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ and ቆ1ݑ െ ቀ௥̂ೕೖ·൫௩ሬԦೖି௨ሬሬԦೕ൯
௖

ቁ
ଶ
ቇ would 

cause significant distortion in the scaled system.  Therefore, to preserve the morphology, all the 
particles of the scaled system must travel at the same velocity as their counterparts in the original 
system.  In the case of solid rotation, where a group of particles (within either object of the 
original system) rotate as a solid sub-object around the center of the source object with an 
angular momentum ݓ, the group of particles travels at a velocity of ݎݓ௝ (or ݏݓ௞).  As ݎ௝ ՜  ௝ݎܳܲ
and ݏ௞ ՜ ݓ ௞ the angular velocity of the scaled sub-object must be scaled toݏܳܲ ՜ ݓ ܲܳ⁄  in 
order for the velocity of the particles of the scaled system to equal the velocity of the particles of 
the original system.  While different sections of the original system may demonstrate different 
angular velocities, all the angular velocities of all of the particles in the scaled system must be 
reduced by the same factor of ݓ ܲܳ⁄ , proving the second part of the first theorem. 
 
A-2: The Second UG Scaling Theorem 
  
 The potential energy is linear with the number of particles of each type. 

                                                 
212 Note that in the case where all of the particles of the original system as well as the scaled system are non-relativistic, the 
theorem can be extended to allow for the scaling of all velocities by a fixed factor ܷ, where ൛ݑሬԦ௝ൟ ا ܿ, ሼݒԦ௞ሽ ا ܿ, ൛ܷݑሬԦ௝ൟ ا ܿ, and 
ሼܷݒԦ௞ሽ ا ܿ.  In such a case, the morphology of the system will remain unaltered, while all of its angular velocities will increase 
by a factor of ܷ. 
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Therefore, scaling up the number of particles of all the groups within the test or the source 
objects by factors of ఈܰ and ఉܰ respectively yields 
  

ܸீ ൬ቄݎԦ௝, ௝݉ , ఈܰܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ఉܰܰெೖ, Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

ൌ ఈܰ ఉܸܰீ ൬ቄݎԦ௝, ௝݉ , ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ܰெೖ,  Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

 
Proof: 
 
 Equation A-1-4 

ܸீ ൬ቄݎԦ௝, ௝݉ , ఈܰܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ఉܰܰெೖ, Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

ൌ െ
ܩ
ܽ

ۉ

ۈ
ۈ
ۇ
෍෍ ఈܰܰ௠ೕ ௝݉

௄

௞ୀଵ

௃

௝ୀଵ
ఉܰܰெೖܯ௞ߛଶ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

ۏ
ێ
ێ
ێ
ێ
ۍ

ݏ݋ܿ

ۉ

ۈ
ۈ
ۇ ௞ܯܾ ௝݉ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

௝௞ݎ ൭1 െ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ

ܿ ቇ
ଶ

൱
଴.ହ

ی

ۋ
ۋ
ۊ
െ 1

ے
ۑ
ۑ
ۑ
ۑ
ې

ی

ۋ
ۋ
ۊ
ൌ

ൌ െ ఈܰ ఉܰ

ە
ۖ
۔

ۖ
ۓ
ܩ
ܽ

ۉ

ۈ
ۈ
ۇ
෍෍ܰ௠ೕ ௝݉

௄

௞ୀଵ

௃

௝ୀଵ

ܰெೖܯ௞ߛଶ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

ۏ
ێ
ێ
ێ
ێ
ۍ

ݏ݋ܿ

ۉ

ۈ
ۈ
ۇ ௞ܯܾ ௝݉ߛ൫หݒԦ௞ െ ሬԦ௝ห൯ݑ

௝௞ݎ ൭1 െ ቆ
௝௞ݎ̂ · ൫ݒԦ௞ െ ሬԦ௝൯ݑ

ܿ ቇ
ଶ

൱
଴.ହ

ی

ۋ
ۋ
ۊ
െ 1

ے
ۑ
ۑ
ۑ
ۑ
ې

ی

ۋ
ۋ
ۊ

ۙ
ۖ
ۘ

ۖ
ۗ

 

Thus, 
ܸீ ൬ቄݎԦ௝, ௝݉ , ఈܰܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ

, ൛ݏԦ௞,ܯ௞, ఉܰܰெೖ, Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

ൌ ఈܰ ఉܸܰீ ൬ቄݎԦ௝, ௝݉ , ܰ௠ೕ, ሬԦ௝ቅ௝ୀଵ ௧௢ ௃ݑ
, ൛ݏԦ௞,ܯ௞, ܰெೖ,  Ԧ௞ൟ௞ୀଵ ௧௢ ௄൰ݒ

 
Note that in contrast to the first theorem, the second theorem is valid at all distances, including 
the nuclear range where ݎ ൑ ܽ. 
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