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Foreword 

άAn important scientific innovation rarely makes its way by gradually winning over and 

converting its opponents: it rarely happens that Saul becomes Paul. What does happen is 

that its opponents gradually die out, and that the growing generation is familiarized 

with the ideas from the beginning: another instance of the fact that the future lies with 

the youthΦέ      Max Planck 

In his article titled The Good Reasons Scientists Are So Hostile to New Ideas, Ethan 

Siegel1 writes: 

άtǊƻǇƻǎŀƭǎ ǘƘŀǘ ŀǘǘŜƳǇǘ ǘƻ ǊŜǾƻƭǳǘƛƻƴƛȊŜ ƻƴŜ όƻǊ ƳƻǊŜύ ƻŦ ƻǳǊ ŀŎŎŜǇǘŜŘ ǘƘŜƻǊƛŜǎ ƘŀǾŜ ŀ 

large suite of hurdles to overcome. In particular, they must: 

ω reproduce all the successes of the prevailing theory,  

ω explain a phenomenon more successfully than the current theory can, 

ω ŀƴŘ ƳŀƪŜ ƴƻǾŜƭ ǇǊŜŘƛŎǘƛƻƴǎ ǘƘŀǘ Ŏŀƴ ōŜ ǘŜǎǘŜŘ ǘƘŀǘ ŘƛŦŦŜǊ ŦǊƻƳ ǘƘŜ ǘƘŜƻǊȅ ƛǘΩǎ 

ŀǘǘŜƳǇǘƛƴƎ ǘƻ ǎǳǇŜǊǎŜŘŜΦέ 

Satisfying the above criterions requires that a new theory or proposal be sufficiently 

developed.  It is unlikely that a new proposal or theory will be capable of meeting those 

criterions early on. Unlike established theories, new theories have not benefited from 

decades of contributions by generations of scientists. So, the consequences of ideas 

must be rigorously and thoroughly explored before shotting them down for not meeting 

the criterions. 

That said, I agree with pretty much every point Siegel makes in his article that new ideas 

must meet those criterions, but one should avoid putting them to the test prematurely. 

Not only to I agree with the criterions he describes, but I think a theory should be held 

to the stricter set of criterions I describe later in this book.  

¢ƘŜǊŜ ƛǎ ŀ ƴŜŜŘ ƘƻǿŜǾŜǊ ǘƻ ŎƭŀǊƛŦȅ ǿƘŀǘ {ƛŜƎŜƭ ƳŜŀƴǘ ōȅ άǊŜǇǊƻŘǳŎŜ ŀƭƭ ǘƘŜ ǎǳŎŎŜǎǎŜǎ ƻŦ 

ǘƘŜ ǇǊŜǾŀƛƭƛƴƎ ǘƘŜƻǊȅέΦ  

I will take it that he means that it should make it possible to derive predictions that are 

consistent with the confirmed predictions of established theories. That said, predictions 

maybe consistent observations yet derived from a different set of axioms which implies 

 
1 Ethan Siegel is an American theoretical astrophysicist and award-winning science writer who writes 
on mainstream science topics. 
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that those the observations are consistent with both the new and the accepted theories, 

the interpretations of the observations would differ. 

He concludes: 

άLƴ ǘƘŜ ŜƴŘΣ ǘƘŜ ¦ƴƛǾŜǊǎŜ ǿƛƭƭ ŀƭǿŀȅǎ ōŜ ǘƘŜ ǳƭǘƛƳŀǘŜ ŀǊōƛǘŜǊ ƻŦ ǿƘŀǘ ƛǎ ǊŜŀƭ ŀƴŘ ǿƘŀǘ 

ǘƘŜƻǊƛŜǎ ōŜǎǘ ŘŜǎŎǊƛōŜ ƻǳǊ ǊŜŀƭƛǘȅΦ .ǳǘ ƛǘΩǎ ǳǇ ǘƻ ǳǎ τ the intelligent beings that conduct 

the enterprise of science τ to rigorously uncover those truths. Unless we do it 

responsibly, we run the risk of fooling ourselves into believing what we want to be true. 

Lƴ ǎŎƛŜƴŎŜΣ ƛƴǘŜƎǊƛǘȅ ŀƴŘ ƛƴǘŜƭƭŜŎǘǳŀƭ ƘƻƴŜǎǘȅ ŀǊŜ ǘƘŜ ƛŘŜŀƭǎ ǘƻ ǿƘƛŎƘ ǿŜ Ƴǳǎǘ ŀǎǇƛǊŜΦέ 

This is the very definition of the scientific method. Ethan Siegel understands and 

explains it very well in this and other articles, so it is not for lack of understanding that 

he forgoes the scientific method in his article titled This is Why Space Needs to be 

Continuous in which he argues against the idea of space being discrete. 

The validity of a theory (or premise) can only be determined by the scientific method 

described above which implies descriptions, explanations, predictions that have or can 

be tested experimentally. Theoretical arguments are important but are no substitute for 

experiments. 

The validity of a theory cannot be determined from within the framework of a second 

theory when their axiom sets are mutually exclusive. There is a simple reason for that. 

Using a premise in an argument based on a theory that axiomatically excludes it will 

inevitably make it internally inconsistent and consequently render any theoretical 

argument and its conclusion inconsistent with both the theory (or premise) and the 

theory on which the argument is based. Sure, we can determine if an idea is consistent 

with a theory, but being found to be inconsistent with an accepted theory does not 

invalidate it. 

For example, space continuum is an implicit axiom of the relativity theories. Space 

continuum and space discreteness are mutually exclusive. It follows that the relativity 

theories cannot be used to describe physics in discrete space or make consistent 

predictions about discrete space. 

Siegel argues that space discreteness is also inconsistent with the relativity principle but 

that is a forgone conclusion considering that discreteness is axiomatically excluded.  

Several strong theoretical arguments can be made against space discreteness. For 

example, if space were discrete rather than continuous, then gravitational waves would 

not exist, time would not be physical and the universe would be strictly deterministic (to 
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give only a few examples), all of which supported by overwhelming evidence. But 

{ƛŜƎŜƭΩǎ ŜƴǘƛǊŜ ŀǊƎǳƳŜƴǘ ŀƎŀƛƴǎǘ ǎǇŀŎe discreteness is based on an application of the 

principle of relativity, a postulate (another word for axiom) of special relativity. The 

principle of relativity precludes the possibility of measuring absolute velocity, distance, 

momentum, etc.,  

From impossibility to make an absolute measurement, Siegel concludes that space 

cannot be discrete. His argument is that space discreteness implies the existence of a 

fundamental unit of distance (a smallest possible distance), yet measurements of this 

distance is dependent on the observer. Hence, two observers in constant motion 

relative to one another would not agree on its length, thus contradicting of the 

existence of a fundamental unit of distance. Hence space discreteness implies that the 

principle of relativity would be wrong and consequently so would be special relativity. 

But how could special relativity be wrong considering that its predictions have been 

shown to be consistent with observations to a very high degree of accuracy? 

One must keep in mind that special relativity is a measurement theory which accurately 

predicts the relative measurements of physical properties. Special relativity (not 

necessarily nature) precludes absolute measurements. But special relativity cannot 

handle space discreteness or make any predictions about the physics of discrete space. 

Only a theory derived from a self-consistent axiom set which has space discreteness as 

one of its axioms can make predictions about physics in discrete space. It would not only 

be able to predict the absolute measurements of all physical properties (all observers 

would see make the same measurements), but also make accurate predictions of 

relative measurements as or more accurately than even special relativity.  

It stands to reason that any such theory should possess explanatory powers comparable 

to those of the relativity theories and beyond that, should make unique testable 

predictions that can set it apart. These would be the necessary and sufficient criterions 

to validate the theory. But Siegel ignores the criterions of the scientific method and 

replace them with a single theoretically biased criterion: space discreteness must be 

consistent with the principle of relativity.  

On its own, the idea of space discreteness has nothing to say about reality, it has zero 

descriptive, explanative, or predictive power. Only a theory that is based on a self-

consistent axiom set that contains an axiom of space discreteness can be tested using 

the criterions we have set forth as necessary and sufficient. Only by comparing such a 

ǘƘŜƻǊȅΩǎ ŘŜǎŎǊƛǇǘƛƻƴǎΣ ŜȄǇƭŀƴŀǘƛƻƴǎ ŀƴŘ ǇǊŜŘƛŎǘƛƻƴǎ ǘƻ ƻōǎŜǊǾŀǘƛƻƴǎ Ŏŀƴ ƛǘ ōŜ ǾŀƭƛŘŀǘŜŘ 

or refuted. This brings me to quantum-geometry dynamics. 



vi 
 

Quantum-geometry dynamics (QGD) is a theory derived from a consistent axiom set 

containing an axiom of space discreteness. In terms of state of development there is no 

comparison between what a single individual can accomplish in a decade versus 

generations of researchers over a century, but it already explains and describes what we 

already know, and makes testable predictions. So, let us hope that some physicists will 

do what Siegel suggests but failed to do in the case of space discreteness and rigorously 

subject QGD to the scientific method. The idea of space discreteness certainly deserves 

further exploration. 

Though tƭŀƴŎƪΩǎ ǇǊƛƴŎƛǇƭŜ certainly applies to QGD, I believe there are people willing to 

step out of the framework of established theories and consider the approach I propose 

in this book. I hope you are one of them.
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I wish merely to point out the lack of firm foundation for assigning any physical reality to the 

conventional continuum concept. My own view is that ultimately physical laws should find their 

most natural expression in terms of essentially combinatorial principles, that is to say, in terms of 

finite processes such as counting or other basically simple manipulative procedures. Thus, in 

accordance with such a view, should emerge some form of discrete or combinatorial space-time. 

Roger Penrose, On the Nature of Quantum-Geometry 

Hilbertõs 6th problem 

In 1900, the famous mathematician David Hilbert introduced a list of 24 great problems in 

mathematics. The list of problems addressed a number of important issues in mathematics; many 

of which have remaƛƴŜŘ ǘƻ ǘƘƛǎ Řŀȅ ǳƴǊŜǎƻƭǾŜŘΦ IƛƭōŜǊǘΩǎ сth problem, which has become central 

to physics, reads as follow: 

To treat in the same manner, by means of axioms, those physical sciences in which already today 

mathematics plays an important part; in the first rank are the theory of probabilities and 

mechanics. 

We may legitimately wonder if true axiomatization of physics may be a finite and complete set of 

axioms from which all the governing laws of the Universe could be derived. Could a physics theory 

be an axiomatic system; that is, a theory that is founded on axioms from which all physics can be 

deduced from or reduced to. 

An axiom, as most of you know, is a fundamental assumption or proposition about a domain. 

What this means is that it cannot be reduced, derived or deduced from any other propositions. In 

other words, an axiom cannot be mathematically proven. 

¢ƘƻǳƎƘΣ DǀŘŜƭΩǎ ƛƴŎƻƳǇƭŜǘŜƴŜǎǎ ǘƘŜƻǊŜƳǎ demonstrates that not all propositions, theorems and 

corollaries can be deduced from the set of axioms associated with a specific domain, they do not 

preclude the existence of a complete and consistent set of axioms in physics. 2 

In physics, axioms are understood as representing fundamental properties or components of 

reality. My ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ IƛƭōŜǊǘΩǎ сth problem is that a set of axioms about physical reality 

that is complete be created. That is, all observations, any and all phenomena could be deduced 

from the set of axioms. The set of axioms and laws, explanations and predictions deduced from it 

would form an axiomatic system or axiomatic theory which would axiomatize the whole of 

physics. 

It seems evident that the purpose of physics is to identify the fundamental properties or 

components of reality and to use them to develop theories that can explain observations of 

physical phenomena. What is less evident is how to determine when the propositions chosen by 

physicists to be the basis of a theory are really axioms. 

 
2 See 5ƻ DǀŘŜƭΩǎ LƴŎƻƳǇƭŜǘŜƴŜǎǎ ¢ƘŜƻǊŜƳǎ Exclude the Possibility of a Theory of Everything? 

https://quantumgeometrydynamics.com/do-godels-incompleteness-theorems-exclude-the-possibility-of-a-theory-of-everything/
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While in mathematics one can arbitrarily chose any consistent set of axioms as a basis of an 

axiomatic system, the axioms in a physics theory must represent fundamental aspects of reality. 

This raises the essential question: What constitutes a fundamental aspect of reality? 

As we will see in this book, quantum-geometry dynamics proposes that reality obeys a principle 

of strict causality. From the principle of strict causality, it follows that an aspect of reality is 

fundamental if it is absolutely invariable. That is, regardless of interactions it is subjected to, a 

fundamental aspect of reality remains unaffected. 

Now that we established what we mean by a fundamental aspect of reality, two presuppositions 

ƴŜŜŘ ǘƻ ōŜ ŀŎŎŜǇǘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ŀƴǎǿŜǊ IƛƭōŜǊǘΩǎ сth problem. First, we must assume that the 

Universe is made of fundamental objects having properties which determine a consistent set of 

fundamental laws. Second, that it can be represented by a complete and consistent axiomatic 

system.  That is, the Universe has a finite set of fundamental components which obey a finite set 

of fundamental laws.  These two presuppositions are essential for the construction of any true 

axiomatic system. 

In addition to the two presuppositions, there is also the question of the minimal axiom set 

necessary to form a complete and consistent axiomatic theory.  

To determine that value, we need to remember that the number of constructs that can be built 

from a finite set of fundamental objects is always greater than the number of objects in the set.  

If, for example, the number of objects in the fundamental set is equal to ὲ, and the number of 

ways they can be assembled by applying laws of combination is equal to ὰ then the number of 

objects that can be formed is equal to 

 ! jl ń  

where Ὦ is the maximum number of objects which can be combined. From this, we can see that 

the closer we get to fundamental reality, the lower ὰ becomes, the simpler reality becomes; with 

reality being at its simplest at the fundamental scale. What this implies is that any axiomatic 

theory of reality will have fewer fundamental components than constructs. It follows that a theory 

must allow for an exponentially greater number of composite structures than it has elementary 

particles.  

In plain language, reality at the fundamental scale is simpler, not more complex. 

So, what is the smallest possible set of axioms an axiomatic theory of fundamental physics can 

have?  

Before answering this question, quantum-geometry dynamics first asks: What does all things in 

the Universe have in common? What does every single theory of physical reality ever conceived 

of have in common? 
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The answer: space and matter3. Space and matter are aspects of reality shared by everything, all 

phenomena, all events in the Universe. It follows that any axiomatic theory of physical reality 

must minimally account for space and matter. Quantum-geometry dynamics, which is the subject 

of this book, is derived from the following two axioms. 

Space is made of discrete fundamental units, ()
preons

- , and is dimensionalized by the intrinsic 

repulsion force acting between them. 

Matter is made of fundamental strictly kinetic particles, ()
preons

+ , which form particles and 

structures as a result of the intrinsic attractive force acting between them.  

Two Approaches to Physics 

From an axiomatic standpoint, there are two approaches to theoretical physics. The first aims to 

extend, expand and deepen an existing theory, which is what the overwhelming majority of 

theorists do. This approach assumes that the theory is fundamentally correct, that is, its axioms 

are thought to correspond to fundamental aspects of reality. 

The second approach is to create a new axiom set and derive a theory from it. Distinct axiom sets 

will lead to distinct theories which, even if they are mutually exclusive may still describe and 

explain phenomena in ways that are consistent with observations. There can be a multiplicity of 

ǎǳŎƘ άŎƻǊǊŜŎǘέ ǘƘŜƻǊƛŜǎ ƛŦ ǘƘŜ ŀȄƛƻƳǎ ŀǊŜ ƳŀŘŜ ǘƻ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ƻōǎŜǊǾŜŘ ŀǎǇŜŎǘǎ ƻŦ ǇƘȅǎƛŎŀƭ 

reality that are not fundamental but emerging. For instance, theories have been built where one 

axiom states that the fundamental component of matter is the atom. Such theories, though it may 

describe very well some phenomena at the molecular scale will fail in explaining a number of 

phenomena at smaller scales. In the strict sense, premises based on emergent aspect of reality 

are not axioms in the physical sense. They can better be understood as theorems. And as 

mathematical theorems in mathematics can explain the behavior of mathematical objects 

belonging to a certain class but cannot be generalized to others, physical theorems can explain 

the behavior of class of objects belonging to a certain scale, but these explanations cannot be 

extended to others scales or even to objects or other classes of objects in the same scale. 

But axioms are not inherently wrong or right. By definition, since axioms are the starting point, 

they cannot be reduced or broken down. Hence, as such, we cannot directly prove whether they 

correspond to fundamental aspects of reality. However, if the models that emerge from an axiom 

set explain and describe reality and, most importantly, allows predictions that can be tested, then 

confirmation of the predictions become evidence supporting the axiom set. 

  

 
3 Energy is omitted at this point as this property will be derived from the axiom set. 
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The Axiomatic Approach 

 

It can scarcely be denied that the supreme goal of all theory is to make the irreducible 

basic elements as simple and as few as possible without having to surrender the 

adequate representation of a single datum of experience. 

 Albert Einstein 

 

The dominant approach in science (and a hugely successful one for that matter) is the empirical 

approach. That is, the approach by which science accumulates data from which it extracts 

relationships and assumptions that better our understanding of the Universe. 

The empirical approach is an essential part of what we might call deconstructive. By that I mean 

that we take pieces or segments of reality from which, through experiments and observations, we 

extract data from which we hope to deduce the governing laws of the Universe. But though the 

deconstructive approach works well with observable phenomena, it has so far failed to provide 

us with a complete and consistent understanding of fundamental reality.  

Of course, when a theory is formulated that agrees with a data set, it must be tested against future 

data sets for which it makes predictions. And if the data disagrees with predictions, the theory 

may be adjusted so as to make it consistent with the data. Then the theory is tested against a new 

or expanded data set to see if it holds. If it does not, the trial-and-error process may be repeated 

so as to make the theory applicable to an increasingly wider domain of reality. 

The amount of data accumulated from experiments and observations is astronomical, but we 

have yet to find the key to decipher it and unlock the fundamental laws governing the Universe. 

Also, data is subject to countless interpretations and the number of mutually exclusive models 

and theories increases as a function of the quantity of accumulated data. 

But, more to the point, what if fundamental reality is orders of magnitude smaller than the 

smallest observable scale we can probe? Should this be the case, an axiomatic approach may then 

our only hope to gain insight into the workings of reality at the fundamental scale. 

About the Source of Incompatibilities between Theories  

 

Reality can be thought as an axiomatic system in which fundamental aspects correspond to 

axioms and non-fundamental aspects correspond to theorems. 

The empirical method is essentially a method by which we try to deduce the axiom set of reality, 

the fundamental components, and forces, from theorems (non-fundamental interactions). There 

lies the problem. Even though reality is a complete and consistent system, the laws extracted from 

observations at different scales of reality, and which form the basis of physics theories do not 

together form a complete and consistent axiomatic system.  
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The predictions of current theories may agree with observations at the scale from which their 

premises were extracted, but they fail, often catastrophically, when it comes to making 

predictions at different scales of reality. 

This may indicate that current theories are not axiomatic (they are not based on true physical 

axioms), which means the founding propositions of the theories do not correspond to 

fundamental aspects of reality. If they were, then the axioms from distinct theories could be 

merged into a consistent (but not necessarily complete) axiomatic set. There would be no 

incompatibilities. 

Also, if theories were axiomatic systems in the way we described above, their axioms would be 

similar or complementary. Physical axioms can never be in contradiction. 

This raises important questions about the empirical method and its potential to extract physical 

axioms from the theorems it deduces from observations. The fact that even theories which are 

derived from observations of phenomena at the microscopic scale have failed to produce physical 

axioms (if they had, they would explain interactions at larger scales as well) suggests that there is 

a distinction between the microscopic scale, which is relative to our scale, and the fundamental 

scale which may be any order of magnitude smaller.   

There is nothing that allows us to infer that the microscopic scale which is assumed to be 

fundamental is truly fundamental scale or that what we observe at the microscopic scale is 

fundamental. It may very well be that everything we hold as fundamental, the particles, the 

forces, etc., are not.  

Also, theories founded on theorems related to different scales rather than axioms cannot be 

unified. It follows that the grand unification of the reigning theories which has been the dream of 

generations of physicists is mathematically impossible. A theory of everything cannot result from 

the unification of the standard model and relativity, for instance, they are based on mutually 

exclusive axiom sets. Therefore, it essential to rigorously derive any axiomatic theory from its 

axiom set and always avoid the temptation of contriving it into agreeing with other theories.  

{ƻ ŜǾŜƴ ǘƘƻǳƎƘΣ ŀǎ ǿŜ ǿƛƭƭ ǎŜŜ ƭŀǘŜǊΣ bŜǿǘƻƴΩǎ ƭŀǿ ƻŦ ǳƴƛǾŜǊǎŀƭ ƎǊŀǾƛǘȅΣ ǘƘŜ ƭŀǿǎ ƻŦ ƳƻǘƛƻƴΣ ǘƘŜ 

universality of free fall and the relation between matter and energy can all been derived from 

vD5Ωǎ ŀȄƛƻƳ ǎŜǘΣ ŘŜǊƛǾing them was never the goal when the axiomatic set was chosen. These 

ƭŀǿǎ Ƨǳǎǘ ŦƻƭƭƻǿŜŘ ƴŀǘǳǊŀƭƭȅ ŦǊƻƳ vD5Ωǎ ŀȄƛƻƳ ǎŜǘΦ 

However, an axiomatic approach as we have described poses two important obstacles. 

The first is choosing a set of axioms where each axiom corresponds to a fundamental aspect of 

reality if fundamental reality is inaccessible and thus immeasurable.  

The second obstacle is how to test the predictions of an axiomatically derived theory when the 

scale of fundamental reality makes its immeasurable.   
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In the following chapters, we will see that even in the likely scenario that fundamental reality is 

unobservable, if the axioms of our chosen set correspond to fundamental aspects of reality, then 

there must be inevitable and observable consequences at larger scales which will allow us to 

derive unique testable predictions. We will show that it possible to choose a complete and 

consistent set of axioms, that is one from which interactions at all scales of reality can be reduced 

to. In other words, even if the fundamental scale of reality remains unobservable, an axiomatic 

theory would make precise predictions at scales that are. 

Internal Consistency and Validity of a Theory  

 

Any theory that is rigorously developed from a given consistent set of axioms will itself be 

internally consistent. That said, since any number of such axiom sets can be constructed, an equal 

number of theories can be derived that will be internally consistent. To be a valid axiomatic 

physics theory, it must answer positively to the following questions.  

1. Do its axioms form an internally consistent set? 
2. Is the theory rigorously derived from the axiom set? 
3. Are all descriptions derived from the theory consistent with observations? 
4. Can we derive explanations from the axiom set that are consistent with observations? 
5. Can we derive from the axiom set unique and testable predictions?  

And if an axiom set is consistent and complete, then:  

6. Does the theory derived from the axiom set describe physical reality at all scales? 

In the following chapters, we will see how quantum-geometry dynamics answers these questions. 
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QGDõs Axiom Set 

 

For several decades now, mathematicians and physicists have tried to reconcile quantum 

mechanics and general relativity, two of the most successful physics theories in history, but 

despite their best efforts such unification has remained beyond the limit of the scientific horizon.  

The problem, we believe, stems from the fact that the axiom sets of quantum-mechanics and 

general relativity are mutually exclusive.  It is a mathematical certainty that unification of axiom 

sets which contain mutually exclusive axioms is impossible, as is the unification of the theories 

derived from them. In other words, though it may be possible to unify quantum mechanics and 

general relativity, it cannot be done without abandoning some of the axioms of their respective 

axiom sets but abandoning any of the axioms amounts to giving up on one, if not both theories. 

However, it is impossible to give up on one without giving up on the other since both are necessary 

to describe reality at all scales.  Hence the impasse physicists have struggled with. Unification of 

the two theories requires that their axiom sets be unified, which in turn requires that their axioms 

be complementary and not, as are those of QM and GR, exclusory.  QM and GR cannot be 

reconciled without abandoning some of their fundamental assumptions. 

We propose here an alternative approach. Intuiting that at its most fundamental, reality is also at 

its simplest, we construct the simplest possible axiom set that can describe a dynamic system; 

one where each axiom corresponds to a fundamental aspect of reality agreed upon by all theories 

of physics. That is, the existence of space and the existence of matter. We will show that from 

such a minimal set of axioms a theory can be developed that describes and explains all physical 

phenomena, thus agrees with the predictions of quantum-mechanics and general relativity. Most 

importantly, a theory that is in complete agreement with physical reality. 

The idea is to create an absolute minimal dynamic system and explore how such a system will 

evolve from an initial state. The choices of the minimal components of a dynamic system and their 

properties will constitute axioms from which theorems will be derived that will predict how such 

a system will evolve. One should not assume that the axioms and theorems correspond to 

fundamental aspects to physical reality unless the dynamic system they describe evolves into one 

that is analogous to observable reality.  

It is evident that such a system must exist in space, but space could be continuous or discrete, 

static, or dynamic. Here we chose space to be fundamentally discrete. We will call the 

fundamental discrete units or particles of space ()
preons

-
.  

()
Preons

-
 do not exist in space, they are space, yet each of them is distinct, that is, they each 

correspond to a distinct location. We will assume that ()
preons

-
are kept apart from each other 

by a repulsive force acting between them which we will call n-gravity. So between ()
preons

-
is 

not space but the n-gravity field. Therefore, ()
preons

-
exists in the n-gravity field. Also, it follows 
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that ()
preons

-
must static since movement would require that they move in space, that is, that 

they exist in space and that would contradict the defining assumptions. 

Next, we need matter and since matter must exist in space and our space is discrete, then it 

follows that the matter in the dynamic system we are creating must also be discrete or 

corpuscular. And since our system is minimal, we have only one fundamental unit of matter, one 

type of fundamental particle which we will call ()
preons

+
. If ()

preons
+

are to interact to form 

more massive particles and structures, then they need to be kinetic and they need to be capable 

of binding with one another. ()
Preons

+
 will therefore ōŜ ŀǎǎǳƳŜŘ ǘƻ ƳƻǾŜ ōȅ άƭŜŀǇƛƴƎέ ŦǊƻƳ 

()
preons

-
to ()

preons
-

and thus have momentum. The momentum of a ()
preon

+
will be the 

fundamental unit of momentum and the displacement between two ()
preons

-
the fundamental 

unit of displacement.  

For ()
preons

+
 to bind into particles and structures, there must be an attractive force acting 

between them. We will call that force, p-gravity. 

Since in our minimal system we have only one fundamental particle of matter, there are no other 

particles a ()
preon

+
 can decay into or be formed from. ()

Preons
+

are eternal, hence their number 

is fixed and finite. The same goes for ()
preons

-
. 

As for the initial sate, we will definite it as one in which ()
preons

+
are free and homogenously 

distributed in discrete space.  

Other minimal systems can be constructed, and different initial states can be chosen for each, but 

the above is the only one we will explore here. I have called the study of the evolution of this 

minimal system quantum-geometry dynamics. 

Minimal Axiom Set  

From a minimal set of axioms, we can derive dynamics systems which behaviour find their 

counterparts in nature.  

Axiom  1: We define quantum-geometrical space as that which emerges from the repulsive 

interactions between fundamental quanta of space we will call 
()

preons
-

. 

Axiom 2: We define quantum-geometrical matter as that which is formed by the binding of 

fundamental particles of matter through an attractive force acting between them. We will call the 

fundamental particles of matter 
()

preons
+

 

Axiom 3: The initial state of the quantum-geometrical universe is that in which 
()

preons
+

 were 

uniformly distributed through quantum-geometrical space. 
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Axiom 4: A quantum-geometrical particle is fundamental if it never decays or transmutes into 

other particles. 
()

Preons
-

 and ()
preons

+
 are the only fundamental particles that exist in the 

quantum-geometrical universe.  

Principle  of Strict Causality :  

All successive states of a particle, structure or system are strictly and uniquely causally linked. 

The principle of strict causality being based on properties of physical reality, it offers the possibility 

of understanding the evolution of the Universe as sequences of events that are causally 

connected. Strict causality effectively allows a description of the evolution of any system without 

having to resort to the relational concept we call time.  

The principle of strict causality implies is that the Universe does not evolve with time, but changes 

from one state to the next because of concurrent causally related series of events. 

Fundamentality and the Conservation Law  

What is considered fundamental has often changed over the course of History so that often what 

at some time we have consider fundamental ultimately revealed itself to be non-fundamental. 

How we define "fundamental" has profound consequences on the way we interpret reality or 

create models. QGD uses the following definition: 

An aspect of reality is fundamental if it is invariant. 

Thus, if an object is fundamental its intrinsic properties are conserved throughout the existence 

of the Universe. 

Strict causality excludes spontaneity which assumes that a particle or system can change for no 

other reason that over time there is a probability that it will. It implies that when a particle decays 

into other particles and no external interaction affected that change, then the change must be 

caused by internal interactions, which in turn imply structure, so that the particle is not 

elementary.  

It also implies that if a particle is elementary, that is, has no structure, hence no internal 

interactions which can cause it to change, then it can never decay. 
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Quantum-Geometrical Space 

Let me say at the outset that I am not happy with this state of affairs in physical theory. The 

mathematical continuum has always seemed to me to contain many features which are really very 

ŦƻǊŜƛƎƴ ǘƻ ǇƘȅǎƛŎǎΦ ώΧϐ LŦ ƻƴŜ ƛǎ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǇƘȅǎƛŎŀƭ ǊŜŀƭƛǘȅ ƻŦ ǘƘŜ ŎƻƴǘƛƴǳǳƳΣ ǘƘŜƴ ƻƴŜ Ƴǳǎǘ 

accept that there are as many points in a volume of diameter 1013 cm or 1033 cm or 101000 cm as 

there are in the entire universe. Indeed, one must accept the existence of more points than there 

are rational numbers between any two points in space no matter how close together they may be. 

(And we have seen that quantum theory cannot really eliminate this problem, since it brings in its 

own complex continuum.) 

Roger Penrose, On the Nature of Quantum-Geometry 

The Nature of Space 

 

I consider it quite possible that physics cannot be based on the field concept, i. e., on continuous 

structures. In that case nothing remains of my entire castle in the air, gravitation theory included, 

[and of] the rest of modern physics. - Einstein in a 1954 letter to Besso. 

What Einstein might have been referring to is that special relativity and general relativity require 

that space be continuous. The axiom of continuity of space is implied by special relativity as well 

as most current physics theory. 

Einstein understood that if the implied continuity axiom turned out not to correspond to the 

fundamental nature of space, his theory and all theories which are based on it would also fall 

apart.  We disagree. 9ƛƴǎǘŜƛƴΩǎ theories would still hold very well if space were discrete rather 

than continuous, and so would be the principle of relativity. 

When considering that predictions of the relativity theories have been confirmed by countless 

experiments and observations, it is logical to assume that their underlying axioms must be correct, 

including that of space continuum which is an implicit axiom. And space continuum and space 

discreteness being mutually exclusive, if space were discrete, then it would follow that space 

continuum and theories founded on it would be wrong, correct?  

But what if the space continuum is not fundamental? What if space only appears and behaves to 

be continuous at larger than the fundamental scale allowing physical theories such as the relativity 

theories to correctly describe systems at those scales.  Then space continuum would not be an 

axiom in the sense we have described here, but a theorem. That could explain why general 

relativity can correctly describe dynamic systems at large scales while failing for systems at the 

fundamental scale where space would be discrete.  If this were the case, then understanding how 

the space continuum emerges from discrete space would open the door to fundamental theories 

that can describe dynamics systems in discrete space while still being compatible with theories 

such as general relativity. 
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Dominant theories successfully explain and predict phenomena at scales at which they are 

observed and from which observations theorems were derived. Space continuum is what is 

observed at non-fundamental scales.  

Quantum-geometry dynamics postulates that space is fundamentally discrete. Specifically, that 

space is quantum-geometrical, that is: Quantum-geometrical space is formed by fundamental 

particles we call ()
preons

-
(symbol

( )  -
p ) and is dimensionalized by the repulsive force acting 

between them.  Thus, according to QGD, spatial dimensions are emergent properties of 

()
preons

-
, hence dimensionalized space is not fundamental. 

The interaction between any two ()
preons

-
 is the fundamental unit of the force acting between 

them which because it is repulsive, we will call n-gravity (symbol
-

 g ).   

It is important here to remind the reader that what exists between two ()
preons

-
 is the n-gravity 

field of interactions. There is no space in the geometrical sense between them. The force of the 

field between any two ()
preons

-
, anywhere in the Universe, is equal to one

-
 g . 

Figure 1 is a two-dimensional representation of quantum-geometrical space. The green circle 

represents a 
()

preon
-

 arbitrarily chosen as origin and the blue circles represent 
()

preons
-

 which 

are all at one unit of distance from it. As we can see, distance in quantum-geometrical space at 

Figure 1 
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the fundamental scale is hugely different from Euclidian distance (though we will show below that 

Euclidian geometry emerges from quantum-geometrical space at larger scales). 

Quantum-geometric space is not merely mathematical or geometrical but physical. Because of 

that, to distinguish it from quantum-geometrical space, we will refer to space in the classical sense 

of the term as Euclidian space. 

Quantum-geometric space is different from Euclidean space. A consequence of this is that the 

distance between any two ()
preons

-
 in quantum-geometric space is be very different from the 

measure of the distance using Euclidian space; the distance between two points or ()preons
-

 

being equal to the number of leaps a ()
preon

+
 would need to make to move from one to the 

other. 

To understand quantum-geometric space, one must put aside the notion of continuous infinite 

and infinitesimal space. Quantum-geometrical space emerges from the n-gravity interactions 

between ()
preons

-
. What that means is that ()

preons
-

 do not exist in space, they are space.  

Since ()
preons

-
are fundamental and since QGD is founded on the principle of strict causality (this 

will be discussed in detail later), then the n-gravity field between ()
preons

-
 has always existed 

and as such may be understood as instantaneous. N-gravity does not propagate. It simply exists. 

Figure 2 shows another example of how the distance between two ()
preons

-
 is calculated.  So, 

although the Euclidian distance between the green ()
preon

-
 and any one of the blue ()

preons
-

 

are nearly equal, the quantum-geometrical distances between the same varies greatly.  

 

Figure 2 
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Since the quantum-geometrical distances do not correspond to the Euclidian distances, the 

theorems of Euclidean geometry do not hold at the fundamental scale. Trying to apply 

tȅǘƘŀƎƻǊŀǎΩǎ ǘƘŜƻǊŜƳ ǘƻ ǘƘŜ ǘǊƛŀƴƎƭŜ ǿƘƛŎƘ ƛƴ ǘƘŜ ŦƛƎǳre 3 below defined by the blue, the red and 

the orange lines, we see that2 2 2a b c+ ¸  . 

 

 

Figure 3 
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Also interesting in figure 3 is that ifa  is the orange side, b  the red side andc  the blue side (what 

would in Euclidian geometry be the hypotenuse), thena c b+ <. That is, the shortest distance 

between two ()
preons

-
 is not necessarily the straight line. 

.ǳǘ ǿŜ ŜǾƛŘŜƴǘƭȅ ƭƛǾŜ ƻƴ ŀ ǎŎŀƭŜ ǿƘŜǊŜ tȅǘƘŀƎƻǊŀǎΩǎ ǘƘŜƻǊŜƳ ƘƻƭŘǎΣ ǎƻ Ƙƻǿ ŘƻŜǎ 9ǳŎƭƛŘƛŀƴ 

geometry emerge from quantum-geometrical space?  Figure 4 shows the quantum-geometrical 

space two identical objects scan when moving in different directions.  

Here, if we consider that the area in the blue rectangles is made of all the 
()

preons
-

 through 

which the object moves, we see that as we move to larger scales, the number 
()

preons
-

 

contained in the green rectangle approaches the number of 
()

preons
-

 in the blue rectangle, so 

that if the distance from a  to b or froma¡ to b¡ is defined by the number of 
()

preons
-

 contained 

in the respective rectangles divided by the width of the path, we find thata b a b¡ ¡­ ­  .  

Theorem on the Emergence of Euclidian Space from Quantum-Geometrical Space 

If d  and Eud are respectively the quantum-geometrical distance and the Euclidean distance two 

()
preons

-
 , thenlim 0Eu

d
d d

­¤
- =. 

Figure 4 
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The theorem implies that beyond a certain scale the Euclidian distance between two points 

becomes a good approximation of the quantum-geometrical distance, but that below that scale, 

the closer we move towards the fundamental scale, the greater the discrepancies between the 

Euclidian and quantum-geometrical measurements of distance.  A direct consequence of the 

structure of space and the derived theorem is that Euclidean geometric figures are ideal objects 

that though they can be conceptualized in continuous space can only be approximated in 

quantum-geometrical space to the resolution corresponding to the fundamental unit of distance.  

It is important to note that since there are no infinities in QGD, the infinite sign ¤ is the distance 

between the two ()
preon

-
 that are furthest 

apart in the universe, hence the difference 

between quantum-geometrical and Euclidean 

distances, though it can very large or 

insignificantly small, can never be infinite or 

equal to zero. 

In figure 5, if 1n , 2n  and 3n  are respectively the 

number of parallel trajectories that sweep the 

squaresa  ,b  andc  , for 1 3n M- > , then 

1

1

1

n

i

ì

d

a
n
=º
ä

 , 

2

1

2

n

i

ì

d

b
n
=º
ä

and

3

1

3

n

i

ì

d

c
n
=º
ä

so that 

2 2 2a b c+ º .  Hence, given the quantum-

geometrical length of the sides of any two of the 

ǘƘǊŜŜ ǎǉǳŀǊŜǎ ŀōƻǾŜΣ tȅǘƘŀƎƻǊŀǎΩǎ ǘƘŜƻǊŜƳ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀƴ ŀǇǇǊƻȄƛƳŀǘƛƻƴ ƻŦ ŀ ǘƘŜ 

length of the side of the third. Also, the greater the values of1n  , 2n  and 3n  the closer the 

approximation will be to the actual unknown length. That is( )
1

2

2

2 2 2lim
n
n
n

a b c
­¤
­¤
­¤

+ = . 

Application of the Theorem of Emergent Space 

Even though reality at the fundamental scale is discrete, the theorem of emergence of Euclidean 

space allows us to use of continuous mathematics to describe dynamic systems at larger scales. 

We must however keep in mind that however accurate they may be, calculations using continuous 

mathematics remain approximations of the behaviour of the discrete components that form 

dynamics systems taken as a group and that quantum-geometrical reality only admits integer 

values of physical properties. 

Figure 5 
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Interactions between Preons(-) 

We mentioned earlier that the interactions between two adjacent ()
preons

-
 is repulsive and the 

fundamental unit of n-gravity. Two ()
preons

-
 are adjacent if there is no other ()

preons
-

 between 

them. So for two ()
preons

-
 , a  andb , ( ); 1G a b =  g

-
 where ( );G a b  is the magnitude of the 

n-gravity interaction between them. 

To obtain the magnitude of the n-gravitational interaction between any two ()
preons

-
 a  andb

, we need to take into account the cumulative interactions between the ()
preons

-
 that lie on the 

line of force connecting them. Thus, we need to count the number of interactions. Using the 

simple combinatory formula, we find that the magnitude of the n-gravitational interaction 

between any two ()
preons

-
 is  

( )
2

;
2

d d
G a b g- -+

=     (1) 

where d  is the distance measure in number of ()
preons

-  between a  andb  .  

We will show in a later section that the repulsive force between space and matter is consistent 

with the effect we attribute to dark energy. 

Properties of Preons(-) 

()
Preons

-
 do not exist in space, they are space. Since any motion would imply that they would 

themselves be in space, which would contradict the 1st axiom, it follows that ()
preons

-  must be 

static. 

And since they are fundamental, ()
preons

-  do not decay into other particles, so the number of 

()
preons

-  is finite and constant which implies that quantum-geometrical space is finite, and that 

the Universe is finite. 

Emerging Space and the Notion of Dimensions 

 

We think of spatial dimensions as if they were physical in the way matter and space are physical, 

but the concept of dimensions is a relational concept which allows us to describe the motion (even 

if that motion is nil) of an object or set of objects a  relative to an object or set of objectsb taken 

as a reference.  Different systems of reference having directions and speeds relative to a given 

object or set of objects give different measurements of their positions, speed, mass and 

momentum and, according to dominant physics theories, there is no way to describe the motion 

of a reference system relative to space (or absolute motion), thus no way to know anything but 

relative measurements of properties are such as mass, energy, speed, momentum or position. 
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However, if QGD is correct in its description of space, then each fundamental unit of space is a 

distinct permanent position relative to all other discrete components of space ( ()
preons

-  being 

static) so that quantum-geometrical space can be taken as an absolute reference system. 

The dimensionality of quantum-geometrical space (physical space) is the maximum number of 

elements in a set of non-concurrent and mutually orthogonal lines that have a common a 
()

preon
- .  Space being an emergent property of ()

preons
-  and all ()

preons
-  having identical 

fundamental intrinsic properties, and all interacting to create space, then space must be isotropic.   

Conservation of Space 

That quantum-geometrical space is not infinitesimal also implies that geometric figures are not 

continuous either. For example, a circle in quantum-geometric space is a regular convex polygon 

whose form approaches that of the Euclidian circle as the number of ()
preons

-  defining its vertex 

increases.  That is, the greater the diameter of the polygon, the more its shape approaches that 

of the Euclidean circle (a similar reasoning applies for spheres). 

The circumference of a circle in quantum-geometric space is equal to the number of triangles with 

base equal to 1 leap which form the perimeter of the polygon. It can also more simply be defined 

as the number of ()
preons

-  ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ǇƻƭȅƎƻƴΩǎ vertices. 

Since both the circumference of a polygon and its diameter have integer values, the ratio of the 

first over the second is a rational number.  That is, if we define “ as the ratio of the circumference 

of a circle over its diameter, then ̄ is a rational function of the circumference and diameter of a 

regular polygon. 

This implies that in quantum-geometric space the calculation of the circumference or area of a 

circle or the surface or volume of the sphere can only be approximated by the usual equations of 

Euclidian geometry. 

The surface of a circle would be equal to the number of ()
preons

-  within the region enclosed by 

a circular path. 

From the above we understand thatp, the ratio of the circumference of a circle over its diameter, 

is not a constant as in Euclidean geometry, but a function. If ()ap is the proportionality function 

between the apothem a  of the polygon and its perimeter then, since the base of the triangles 

that form the perimeter is equal to 1, it follows that the size of the polygon increases the value of 

the apothem of the polygon approaches the value of its circumradius and ()ap approaches the 

geometrical value ofp. Note that the smallest possible circumradius is equal to 1 leap, which 

defines the smallest possible circle which has six vertexes. Since in this case 2 6rp= and 1r=   it 

follows that “ρ σ ()1 3p = . 
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 () / 2a n ap =  

 ()lim
a

ap p
­¤

=  

 wheren  is the number of sides of the polygon and¤ is a very large number of the order of the 

quantum-ƎŜƻƳŜǘǊƛŎŀƭ ŘƛŀƳŜǘŜǊ ƻŦ ŀ ŎƛǊŎƭŜ ŀǘ ƻǳǊ ǎŎŀƭŜ όvD5 ŘƻŜǎƴΩǘ ŀƭƭƻǿ ƛƴŦƛƴƛǘƛŜǎύΦ 

So, within quantum-geometrical space, the geometrical p is a rational number that corresponds 

to the ratio of two extremely large integers. In fact, the size of the numerator and denominator 

are such that the decimal periodicity of their ratio is too large for any current computers to 

express.  

Mathematical operations in quantum-geometry always are carried out from discrete units and 

can only result in discrete quantities. 

In conclusion, the reader will understand that if space quantum-geometrical, then the 

mathematics used to describe it and the objects it contains must also be quantum-geometrical. 

Continuous mathematics, though it can provide approximations of discrete phenomena at larger 

than fundamental scales, becomes inadequate the closer we get to the fundamental scale.   
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The Concept of Time  

Although time is a concept that has proven useful to study and predict the behaviour of physical 

systems (not to mention how, on the human level, it has become an essential concept to organize, 

synchronize and regulate our activities and interactions) it remains just that, a concept.  

Time is a relational concept that allows us to compare events with periodic systems, in other 

words, clocks. But time has no more effect on reality than the clocks that are used to measure it. 

In fact, when you think of it, clocks do not really measure time. Clocks count the number of 

recurrences of a particular state of a periodic system. For instance, the number of times the 

pendulum of a clock goes back to a given initial position following a series of causality linked 

internal states.  So, clocks do not measure time, they count recurrent states or events. 

If clocks do not measure time, what does? 

That answer is nothing can. There has never been nor will there ever be a measurement of time 

the simple reason that time is non-physical. Neither has there been nor ever will be a 

measurement of a physical effect of time on reality. Experiments have shown that rates of atomic 

clocks are affected by velocity and gravity  but the slowing down of clocks is not a slowing of time, 

but a slowing down the mechanism of clocks itself measured by comparing them to the rate of a 

reference clock. 

Another argument against the physicality of time is that as useful as the concept of time may be, 

it is not, as generally believed, essential to modeling reality. As we will see in the following 

sections, any physical systems can be described without ever referring to time. If time is 

unnecessary to describe reality, it follows that time is not physical. Taking time as non-physical 

also removes a number of problems that stems from considering time as a physical dimension.  

For instance, we will show that properties such as mass, momentum, velocity, and energy are 

fundamentally intrinsic and that they can be described without the concept of time. 

Consequently, these properties will be shown to be observer independent. That is, measurements 

of those properties will give identical results regardless of the frame of reference provided that 

the measurements take into account the dynamics describing the observer and frame of 

reference. 

And if time is not physical, then neither is time dilation. Time dilation and the implied assumption 

of space continuum are essential to explain the constancy of the speed of light in special relativity. 

But neither are necessary in QGC since the constancy of the speed of light follows naturally from 

the discreteness of space. 

Finally, the unification of space (a representation of space to be precise) and time (which is a 

relational concept) is no more than a mathematical construct, granted a useful framework in 

which we can study the evolution of a system, if time is not physical, then physical space-time 

makes no sense. 
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However, as we have mentioned, the concept of time is useful, and we will use it here, but we will 

do so with the understanding that time is not a physical dimension through which reality evolves. 

It is a mathematical representation of evolution of dynamic systems. 
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The Quantum-Geometrical Nature of Matter  

If space is discrete, then matter, which exists in quantum-geometrical space must also be discrete. 

Not only must it be discrete, but it must fit the discrete structure of quantum-geometrical space. 

That is, it should correspond to the amount of matter which can occupy the quantum of space 

that is the ()
preon

-. We assigned the name ()
preon

+ , symbol ὴ , to the fundamental particle 

of matter. QGD assumes that the ()
preon

+   is the only fundamental particle of matter, hence all 

other particles are composed of ()
preons

+ . 

()
Preons

+
 are fundamental so, to keep in agreement with our definition of what constitutes a 

fundamental particle, they neither decay into other particles nor are composed of other particles, 

and as a consequence they are conserved throughout the entire existence of the universe. This 

implies that the amount of matter of the universe remains constant and finite throughout its 

existence. 

Also, in the same way that the interactions between two ()
preons

-  is the fundamental unit of n-

gravity org- , the interactions between two ()
preons

+  is the fundamental unit of p-gravity or

g+. Here however, while n-gravity is a repulsive force acting between ()
preons

-  from which 

emerges quantum-geometrical space, p-gravity is an attractive force acting between ()
preons

+ 4.  

In addition to carrying the fundamental force of p-gravity, ()
preons

+  are strictly kinetic particles 

and as such have momentum. The properties of fundamental particles must evidently also be 

fundamental, so the momentum of a ()
preon

+ is fundamental, that is, it never changes. Also 

fundamental is the fundamental velocity of the ()
preon

+ which as we will see must be deduced 

ŦǊƻƳ ƛǘǎ ƳƻƳŜƴǘǳƳ ǳǎƛƴƎ vD5Ωǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ velocity we will introduce later and shown to be 

equal to the speed of light.  

Preon(+)| Preon (+)  pairs 

If ()
preon

- are the fundamental unit of space, then each one must hold exactly one fundamental 

unit of matter. If a ()
preon

- could hold n  ()
preons

+   then the fundamental unit of space with 

 
4 We will show in the section about the formation of particles how p-gravity binds ()

preons
+

 into 

particles and structures.  
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be 

()
preon

n

-

 or one 
thn  of a ()

preon
-   which would be inconsistent with axiom 1. Therefore, 

there is the exclusion principle by which a ()
preon

- can only host a single ()
preon

+. 

The ()
preon

+  is strictly kinetic and moves by leaping from ()
preon

- to ()
preon

-. If it exists, it 

must occupy space and so transitorily must pair with ()
preons

-along its path. And since 

()
preons

-  and ()
preons

+  are fundamental, that is, they and their intrinsic properties are 

conserved, ()
preon

-| ()
preon

+ pairs must interact with each other through both n-gravity and p-

gravity.  

Propagation 

Propagation implies motion; the displacement of matter ( ()
preons

+ ) through quantum-

geometric space. A ()
preon

+ a will leap from the ()
preon

- it is paired with to the next adjacent 

()
preon

- in direction of its momentum vector
aP .  

Two ()
preons

-  ()
1p
-  and ()

2p
-  are adjacent if () ()( )1 2; 1G p p

- -
=- . 

The preonic leap is the fundamental unit of displacement and determines the fundamental speed 

of ()
preons

+ . We will show that the speed of light and its constancy are direct consequence of 

the structure of quantum-geometrical space and the speed of ()
preons

+ .  

Interaction  

Interactions through n-gravity and p-gravity do not require the displacement or exchange of 

matter. So unlike propagations, interactions are not mediated by quantum-geometric space (
()

preons
- ).  

We already explained that quantum-geometric space emerges from the interactions between 
()

preons
- ; the n-gravity field between them. N-gravity does not propagate through quantum-

geometric space since it generates it. It follows that n-gravity is instantaneous.  

P-gravity, the force acting between ()
preons

+  is similarly instantaneous and, as we will see later, 

gravity must be the resultant effects of n-gravity and p-gravity.  

Mass, Energy, Momentum of Particles and Structures 

We will now derive the properties of mass, energy, momentum, and velocity from the axiom set 

of QGD.  
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Mass 

The fundamental units of matter are ()
preons

+ . The mass of any particle or structure is an 

intrinsic property and corresponds to the number of ()
preons

+  that compose it. 

We will show that this simple and natural definition of mass is the only one required to describe 

any physical system.  

Also, as an intrinsic property, mass is observer independent (see here for the way by which we 

can obtain the intrinsic mass of an object). 

Energy 

The fundamental unit of energy corresponds to the kinetic energy of the ()
preon

+  which is equal 

to the magnitude of its momentum vectorc . That is ()p
E P c c+= = =.  

Note that we use the symbol  c  because, as we will show,  the fundamental energy of a ()
preon

+  

is numerically equal its momentum and to its speed, the latter being equal to the speed of light.  

From our definitions of mass and energy, we find that the energyaE  of an objecta  is equal 

product its mass am   (the number of ()
preons

+  it contains) by the fundamental energy of the 

()
preon

+ . That is:  

1

am

a i a

i

E c m c
=

= =ä    (2) 

For a single ()
preon

+  we have 1
p

m + =   so ip
E c c+ = =.  

Momentum 

The momentum vector of a ()
preon

+ is fundamental. It never changes magnitude, but when bound 

within a structure ()
preons

+   follow bounded trajectories. That is, the directions of the 

component vectors change as they follow trajectories determined by the inner interactions acting 

between them.  

The momentum of a body of a   is the magnitude of its momentum vector 
1

am

a i

i

P c
=

=ä , that is: 

1

am

a a i

i

P P c
=

= =ä                  (3). 
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But since
1 1

max
a am m

i i a

i i

c c m c
= =

= =ä ä then
1

0
am

i a

i

c m c
=

¢ ¢ä   ;  the maximum momentum of an 

body is equal to its energy which occurs in structures when the trajectories of bound ()preons
+   

are parallel. 

Velocity  

The velocity of a particle or structure follows naturally from vD5Ωǎ ŀȄƛƻƳ ǎŜǘ ŀƴŘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ 

the ratio of its momentum vector over its mass. That is: 

1

am

i

i
a

a

c

v
m

==
ä

  (4) . 

And since both momentum and mass are intrinsic, thus frame independent, so it must be of 

velocity. ²ŜΩƭƭ Ŏŀƭƭ ǘƘŜ ǎǇŜŜŘ ŀǎ ŘŜŦƛƴŜŘ ƛƴ Ŝǉǳŀǘƛƻƴ όпύ ŀǎ ǘƘŜ intrinsic speed. 

Therefore, the conventional definition of velocity is not a measure of the intrinsic velocity, but 

really a measure of the distance travelled by an object in a given direction concurrently with the 

counting a chosen number of recurring states of a periodic system (the tics of a clock for example). 

As for the distance travelled, we understand that it is relative to the frame of reference against 

which the measurement is made. To distinguish is from vD5Ωǎ ƛƴǘǊƛƴǎƛŎ ǾŜƭƻŎƛǘȅΣ ǿe will refer to 

the conventional velocity as the relative metric velocity. 

From the section on the nature of space we understand that quantum-geometrical space is a fixed 

structure and as such provides an absolute frame of reference. Using quantum-geometrical space 

as a frame of reference, we define metric velocity as the quantum geometrical distance an object 

will travel as a function of time or a

d
v u

t
= where av  is the metric velocity, d  is the quantum-

geometrical distance measured in ()
preons

- (or preonic leaps between the initial and final 

position), t  is the counted number of recurrences of a chosen state of arbitrarily chosen periodic 

systems and u is the unit vector. 

The intrinsic velocity v  is distinct from the metric velocity v . The first is a physical property while 

the second is a correlation between two distinct counting mechanism which are the count of the 

number of units of distance and a concurrent count of the number of recurrences of a chosen 

state of a periodic system. The intrinsic velocity is a property of the particle or structure 

independent of space. Metric velocity is the measure of the consequential displacement resulting 

from the intrinsic velocity. That is, a av v´ . 

Now that we have defined metric velocity and shown its relation to intrinsic velocity, the most 

important question that comes to mind is: How do we measure the metric velocity of an object? 
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We only know how to measure the velocity of an object relative to a second object. The 

measurement of the velocity of an object relative to space itself appears to be an impossibility 

since there is no way that using conventional methods we can know if an object is moving relative 

to a fixed point in space, or at what speed and in what direction if it is. 

As a physics theory, quantum-geometry dynamics must describe and explain the behaviour of 

dynamic systems and provide testable predictions. This implies measurements of metric velocity, 

mass, and momentum. It is true that measurements of the metric velocity as defined earlier is not 

theoretically possible but that is exactly the point. The obstacle to measurements of metric 

velocity is not technical or technological but theoretical. In the following sections we will derive 

the theoretical framework necessary for such measurements, then, in the section on applicability 

of QGD, we will describe how such measurements can be made. 

The Velocity  of Light  and Preons(+) 

¦ǎƛƴƎ vD5Ωǎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǾŜƭƻŎƛǘȅ ǿŜ ŦƛƴŘ ǘƘŀǘ ǘƘŜ ƛƴǘǊƛƴǎƛŎ ǾŜƭƻŎƛǘȅ ƻŦ ŀ ǇƘƻǘƻƴ gis 

1

m

i

i

c
P m c

v c
m m m

g

g g

g

g g g

== = = =
ä

 which is the velocity of the ()
preon

+. From this we see that the 

intrinsic velocity of light is constant, and its constancy is a direct consequence of the fundamental 

property that is the intrinsic velocity of ()
preons

+ .  

Also, since v vg g´ , then the constancy of the intrinsic velocity of photons implies the constancy 

of their metric velocity. However, the constancy of the metric velocity of light implies that the 

relative velocity of light is not constant. 

Consequently, we can predict that given an apparatus that includes a light source and a light 

detector separated by a constant distance, the one-way measurement of the velocity of light will 

vary depending on the metric velocity of the apparatus. That is, ac c v
­
= +  where c

­
is a one way 

measurement of the velocity of light, c is the metric velocity of light and, av is the metric velocity 

of the apparatus. 

However, forc
ª

,  two-way measurements of the velocity of light using a similarly rigid apparatus, 

we have 
2

a ac v c v
c c
ª

+ + -
= =. Two-way measurements of the velocity of light are therefore 

equal its metric velocity. This and the relation between intrinsic velocity and metric velocity make 

it possible for QGD to describe dynamic systems in nature and derive testable predictions if one-

way measurement of the velocity of light are shown to be possible. We will describe such an 
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experiment the chapter titled Deriving Testable Predictions from QGD after having introduced the 

prerequisite theoretical concepts. 
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Heat, Temperature and Entropy 

From the concepts we have introduced so far, we will now derive the properties of heat, 

temperature, and entropy. 

Given a systemS having n  unbound particles, the heat of the system is equal to
1

n

i

i

P
=

ä  , where

iP  is the magnitude of the momentum vector of the 
thi  particle and its temperature is 1

n

i

i

S

P

Vol
=

ä

.where SVol  is the volume of the system measured in ()
preons

- , the fundamental and discrete 

particle which forms and dimensionalizes quantum-geometrical space. The total energy of the 

system being equal to
1

n

i

i

m c
=

ä  , it follows that if we define entropy in the classical sense, then the 

entropy ofS is
1 1

n n

i i

i i

m c P
= =

-ä ä .  

Application to Exothermic Reactions within a System  

The QGD definitions can be used to describe the changes in heat and temperature resulting from 

chemical or nuclear reactions. The particles involved are different, as are the reaction 

mechanisms, and the reactions occur at different scales, but both result in changes in the 

structure and number of bound particles.   

Consider 1 2S S­  where 1S is a dynamic system containing 1n unbound particles (or structures) 

some of which reacting with each other, and 2S the resulting system containing 2n unbound 

particles, if 2 1n n>  then
1 2

1 1

'
n n

i i

i i

P P
= =

<ä ä  and the change in heat of the system 

2 1

1 1

'
n n

i i

i i

PH P
= =

D -=ä ä  is positive. 

For example, let say the system contains only a particlee- and a particle e
+
 which annihilate to 

give n  photons (g ), then ( )
1

i

n

ee e e
i

m c v mH v mg - - + +

=

+D = -ä . Here, the difference in heat 

depends on the speed of interacting electrons and is at the lowest when electrons achieve the 

speed of light; in which case 0HD =.Note that from the QGD model, when electrons achievec

, internal motion stops, so that component ()
preons

+  move in parallel trajectories.  

Also, QGD predicts that electrons accelerated to c become indistinguishable from photons and 

become electrically neutral. The electrical charge of a particle is caused by internal motion of its 
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component ()
preon

+ which interact with the preonic field (the free ()
preons

+  populating 

quantum-geometrical space). Since all internal motion stop at speedc , the electron moving at 

that speed must lose their electric charge. 

Also, worth nothing is that 
1

i

n

ee
i

m m mg - +

=

= +ä  which implies that
1 2S SE E= ,that is; mass and 

energy are conserved. This holds for all closed systems. So though it is believed that a nuclear 

reaction results in the conversion of mass into energy, according to QGD, it results in the freeing 

of bound particles which carry with them momentum, hence increase the heat of the system. 

Aside from the reaction mechanism, the only difference between exothermic chemical and 

nuclear reactions is in the type of particles that become free. For chemical reactions these 

particles are molecules, atoms and photons and for nuclear reactions, nuclei and other subatomic 

particles. 
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Physical Interpretation of the Equal Sign in Equations  

a cE m c=  Σ ǘƘŜ Ŝǉǳŀǘƛƻƴ ǊŜƭŀǘƛƴƎ ŜƴŜǊƎȅ ŀƴŘ Ƴŀǎǎ ŀǇǇŜŀǊǎ ǿƘƛŎƘ ƛǎ ŘŜǊƛǾŜŘ ƴŀǘǳǊŀƭƭȅ ŦǊƻƳ vD5Ωǎ 

axiom set appears similar to EinsteinΩǎ 
2E mc=  (which itself reduces to E mc=  when the speed 

of light is taken as a unit). But there are essential distinctions between the two.   

9ƛƴǎǘŜƛƴΩǎ Ŝǉǳŀǘƛƻƴ ƛǎ ǳƴŘŜǊǎǘƻƻŘ ŀǎ ŀƴ ŜȄǇǊŜǎǎƛƴƎ ǘƘŜ ŜǉǳƛǾŀƭŜƴŎŜ ōŜǘǿŜŜƴ Ƴŀǎǎ ŀƴŘ ŜƴŜǊƎȅΦ 

That is, mass and energy are considered to be two forms of the same thing so mass can be 

converted to energy and vice versa.  This interpretation implies that pure energy (photons) and 

pure mass can exist.  

vD5Ωǎ Ŝǉǳŀǘƛƻƴ ŜȄǇǊŜǎǎŜǎ ŀ ǇǊƻǇƻǊǘƛƻƴŀƭƛǘȅ ǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ŘƛǎǘƛƴŎǘ ǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ǘƘŀǘ 

cannot exist separately. All particles, including photons, are made of ()
preons

+  and as we have 

seen their mass is simply the amount of matter they contain, that is, the number of ()
preons

+  

they are composed from. And since ()
preons

+  have an intrinsic kinetic energy, it follows that the 

energy of a particle or structure is simply the number of ()
preons

+  times their intrinsic energy or 

a aE m c= . The equal sign expresses the proportionality between an intrinsic property of matter 

and the energy associated with it. So according to QGD, it is a grave mistake to assume that the 

equal sign expresses physical equivalence. 

vD5Ωǎ a aE m c=  provides a different interpretation of nuclear reactions but one that is more 

ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻōǎŜǊǾŀǘƛƻƴǎΦ ²ƘƛƭŜ ǘƘŜ ŎƭŀǎǎƛŎŀƭ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ 9ƛƴǎǘŜƛƴΩǎ Ŝǉǳŀǘƛƻƴ ƛƳǇƭƛŜǎ ǘƘŀǘ 

nuclear reactions result in a certain amount of mass being transformed into energy, QGD model 

suggests is that during a nuclear reaction, mass is not transformed into energy, but rather, bound 

particles are freed from the structures they were bound into and carry with them their 

momentum. According to QGD, there is no conversion of mass into energy, but only the release 

of particles having momentum.  
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To illustrate this, let's consider the simple 

particle made of two bound ()
preons

+  as 

shown in the following figure 6.  

IŜǊŜ ǘƘŜ ǇŀǊǘƛŎƭŜΣ ǿƘƛŎƘ ǿŜΩƭƭ ŘŜƴƻǘŜa  , is 

composed of two bound ()
preons

+ , 
1p
+  and

2p
+ . The purple arrows represent their 

trajectories in quantum-geometrical space.  

The energy of this particle is 

1

2
am

a i a

i

E c m c c
=

= = =ä , and its momentum 

is
1 2

1

0
am

a i

i

P c c c
=

= = + =ä . This system has 

zero momentum, hence cannot impart momentum to any other structure or particle. 

But if as a result of a nuclear reaction the bound between the component ()
preons

+  of the 

particle was broken, the energy of this system would remain the same but the momentum of the 

system would be equal to the sum of the momentum of the now free ()
preons

+ . In this simple 

case, the momentum of the system would be equal to its energy () ()
1 2

1 2,
2

p p
P c c c+ + = + = . And 

the momentum that the system can impart is2c  . The amount of mass and energy of this two 
()

preons
+  system does not change because of a nuclear reaction. What changed is the 

momentum of the system which is interpreted the energy of the system and incorrectly attributed 

to a conversion of mass into energy. This will be discussed in detail in the appropriate sections of 

this book. 

*  

Another example in which it is the QGD interpretation of the equal sign is necessary is in special 

cases where the component ()
preons

+  of a particle or structure move on parallel trajectories. 

In such case we find that that 
1 1

a am m

a i i a

i i

P c c E
= =

= = =ä ä  .  That is, for such special cases there 

number of units of momentum found on the left is equal to the number of units of energy we 

have on the right. But though the number of units are equal, the units are units of different 

properties and we must always keep in mind that the units on the left are units of momentum 

while those on the right are units of energy. They may be numerically equal, but they represent 

two distinct properties. 

Figure 6 



31 
 

Lastly, consider the properties of energy, momentum and speed of a single ()
preon

+ . 

()

()

1

pm

ip
i

E c c c
+

+
=

= = =ä  units of energy 

()

()

1

pm

ip
i

P c c c
+

+
=

= = =ä  units of momentum 

()
()

1

1

am

i

i

p

p

c
c

v c
m

=

+

+

= = =

ä
 units of speed 

Here we have three distinct intrinsic properties which are quantitatively equal but qualitatively 

different. So though from the equation above we can derive 
() () ()p p p

E P v c
+ + +
= = =we have to 

remember that c  is a fundamental quantity of several distinct fundamental properties. 

The necessity of the distinction between mathematical and physical interpretations becomes 

evident since for most particles and structures
() () ()p p p

E P v
+ + +
¸ ¸ . 

The physical and mathematical interpretations of the relations between physical properties can 

differ significantly and ignoring such differences leads to incorrect assumptions about nature. For 

instance, in the section on optics, we will show that the quotient of a Euclidean division of the 

momentum of a photon over the mass of a particle corresponds to the absorbed part of the 

photon while the remainder of the operation is the reflected part. The physical interpretation of 

ǘƘŜ ƳŀǘƘŜƳŀǘƛŎŀƭ Ƴǳǎǘ ōŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǘƘŜƻǊȅΩǎ ŀȄƛƻƳǎΦ  
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Forces, Interactions and Laws of Motion 

The dynamics of a particle or structure is entirely described by its momentum vector. The 

momentum vector can be affected by forces, which imply no exchange of particles. The 

momentum vector of a particle or structure can also be affected by interactions during which two 

or more particle of structures will exchange lower order particles or structures. These are non-

gravitational interactions which result in momentum transfer or momentum exchanges. 

We will show how all effects in nature result from one or a combination of these two types of 

interactions. 

Gravitational Interactions and Momentum  

CƻƭƭƻǿƛƴƎ vD5Ω ŀȄƛƻƳ ǎŜǘΣ ƎǊŀǾƛǘȅ ƛǎ ƴƻǘ ŀ ŦƻǊŎŜ ōǳǘ ǘƘŜ ŎƻƳōƛƴŜŘ ŜŦŦŜŎǘ ƻŦ ƴ-gravity and p-gravity. 

The gravity effect between two objects  a  and b is: 

( ) ( ) ( ); ; ;G a b G a b G a b+ -= +  where ( );G a b+
 is the p-gravity component of gravity and 

( );G a b-
 the n-gravity component. 

To obtain ( );G a b-
 we count the number of n-gravity interactions that exist between every 

()
preon

+  of a  and every ()
preons

+  of b and with all ()
preons

-  in between. Using the simple 

combinatory formula, we find that the magnitude of the n-gravitational interaction is  

( )
2

;
2

a b

d d
G a b m m g- -+

=   

where d is the preonic distance  between a  andb  given in ()
preons

-  and g-the n-gravity unit 

vector. 

( );G a b+
 is the number of p-gravity interactions  between every ()

preon
+  of a  and every 

()
preons

+  b  which is simply ( ); a bG a b m m g+ += . 

Now, from observation we know that g g+ -
 , that is g k g+ -=  so that if we use 

Ĕug-=- as base unit, where Ĕu  is the unit vector along the [ ],a b  axis,  we get: 

( )
2

Ĕ
2

;
a ba b

d d
m uG a b m m k m

+å õ
= -æ ö
ç ÷

 which we understand is attractive when ( ); 0G a b >  and 

repulsive when ( ); 0G a b <  and neutral for ( ); 0G a b = . 
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Gravitational Dynamics  

From our definition of momentum, we understand that a variation in gravitational interaction 

between two objects a  andb translates into variations of their momentums. We have 

( ) ( ) ( ); ; ;a bP P G a b G a b G a b+ -D =D =D =D +D. Therefore, the gravitational accelerations of 

a  and b are respectively 
( );

a

a

G a b
v

m

D
D =  and 

( );
b

b

G a b
v

m

D
D = .  

Also, since ( ); 0G a b+D = then 

( ) ( ); ;G a b G a b-D =D (1) 

And 

( );a bP P G a b-D =D =D (2) 

Derivation of Newtonõs Law of Gravity 

To ŘŜǊƛǾŜ bŜǿǘƻƴΩǎ ƭŀǿ ƻŦ ƎǊŀǾƛǘȅ ŦǊƻƳ ƻǳǊ ƳƛƴƛƳŀƭ ŀȄƛƻƳ ǎŜǘ ǿŜ Ƴǳǎǘ ƪŜŜǇ ƛƴ ƳƛƴŘ ǘƘŀǘ 

Ŝǉǳŀǘƛƻƴ όмύ ŘŜǎŎǊƛōŜǎ ƎǊŀǾƛǘȅ ƛƴ ǇǊŜƻƴƛŎ ǎǇŀŎŜ ǿƘƛƭŜ bŜǿǘƻƴΩǎ Ŝǉǳŀǘƛƻƴ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ 

gravity in geometrical space (space as we observe it).  Therefore, we must map preonic space, 

which is a regular grid, onto geometrical space.

 

 

Blue circles represent reference
()

preons
-

of a region of preonic space with a massive object at its center. 
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This requires us to consider the preonic density. The concentration of matter in a body, which is 

a concentration of ()
preons

+ , decreases the n-gravity interaction with surrounding space and in 

accordance to equation (1) results in spatial density following the inverse square law. 

Consequently, () 2

1
preons

d dens
r

-´ ´  where  is the preonic distance and   is the 

geometrical distance from the center of a body. Substituting in equation (2) we get: 

(3) 

ǿƘƛŎƘ ǿŜ ǊŜŎƻƎƴƛȊŜ ŀǎ bŜǿǘƻƴΩǎ ƭŀǿ ƻŦ ƎǊŀǾƛǘȅΦ 

The reader may note from above that we may derive the geodesics of general relativity from the 

relation between preonic and geometrical space and have provided a mechanism for the 

curvature of space, which according to our model is a variation in preonic density resulting from 

the interaction between matter and preonic space. 

One of the most interesting consequences of the above is that the first composite particles and 

structures would cause anisotropies in preonic space which in turn would have played a major 

role in the formation of increasingly more massive particles and material structures. Matter 

increases the preonic density, which in turn allow for higher geometrical density of matter. The 

ratio of p-gravity over n-gravity increases in a region containing matter, increases the preonic 

density, which concentrates matter, which increases preonic density. This cycle creates 

conditions favorable to the formation of increasingly more massive particles and structures. 

The Fundamental Momentum and Gravity  

That the momentum of the  is fundamental is a postulate of QGD. It is equal to

. In fact, of all properties of the , only its direction is variable. And the 

only thing that affects it is gravity. 

The direction of a  is determined by the resultant of the gravitational interactions acting 

on it, which interactions are with free ,  particles or structures and if the  is 

bound, with the that is it bound to. 

A change in direction of a  is proportional to the change in the resultant of the forces 

acting on it. That is: 






































































































































































































































