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Questioning the Assumption that Space is Continuous 

by 

Daniel L. Burnstein 

 

History shows that aspects of reality which at one time were considered fundamental may later 

reveal themselves to be non-fundamental. How we define "fundamental" has profound 

consequences on the way we interpret reality or create models. In this essay, we will use the 

following definition of what is fundamental: 

An aspect of reality is fundamental if it is absolutely invariant 

The above definition questions assumptions such as the one that elementary particles can 

annihilate when interacting with their anti-particles or that they can spontaneously decay or 

transmute into other particles. Of course, one can argue that the above definition is not 

consistent with observations (unless the particles we assume to be elementary are found to be 

composite). One can also defend the opposite vu by invoking the above definition of what is 

fundamental. Or, as we propose in this essay, we could discuss, not our universe, but a 

theoretical universe which we will build from the ground up; one which be shown to have many 

important similarities with the observable universe. 

The Fundamentals of Space and Matter 

The most basic of assumptions in physics is that space is continuous. Space is assumed to be 

infinite and infinitesimal. Space is also thought as the universal background or container of all 

matter and interactions at all scales of physical reality. The assumption that space is continuous 

is so embedded in our representations of reality that it is taken for granted and rarely 

questioned.  But what if rather than being amorphous and continuous, space were dynamic and 

discrete? What kind of physics would emerge if we replaced the unstated axiom of continuity of 

space by one of discreteness of space? 

We will build our hypothetical universe, which we'll call the quantum-geometrical universe or 

QGU, using the following axiom of discreteness of space:  

Quantum-geometrical space (QGS) is composed of fundamental, discrete particles, we will call 

preons(-) and is dimensionalized by the repulsion force between them. 

We will name the repulsive force intrinsic to preons(-), n-gravity or simply   . It's important to 

know that preons(-) do not exists in a space themselves. And nothing exists between preons(-) 

except the n-gravity field that keeps them apart and gives quantum-geometrical space its 

dimensions. It follows that in QGU there is a smallest possible distance, a fundamental distance 

that corresponds to the separation between two adjacent preons(-).  For reasons that will be 

made clear later, we will call the fundamental distance a preonic leap or leap.  
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Now that we have defined space in the QGU, we need to fill it with matter/energy. We 

established that nothing can exist between preons(-). So, the structure of QGS dictates that 

matter be divisible into preon(-) size particles, thus , at the most fundamental scale (the preonic 

scale), matter must also be quantum-geometrical; matter in QGU must be made of fundamental 

particles that can each occupy the space provided by a single preon(-). We will call these preonic 

scale particles  positive preons or preons(+). 

Matter at the QGU's most fundamental scale is made of preons(+). All other matter results from 

the bounding of preons(+) by an attractive force acting between them. 

For consistency, we will call the intrinsic and fundamental attractive force that acts between 

preons(+) p-gravity or   . 

While preons(-) must be static (there’s nowhere for them to go), preons(+) are in constant 

motion; leaping from preon(-)  to preon(-) at the fundamental speed, which is one preonic leap 

at the time. Since there is no shorter distance than the leap, there can be no greater speed in 

the QGU than that of preons(+).  

Also, in QGU, the mass of an object corresponds to the number of preons(+) it contains.  So 

mass will be measured in preons(+). 

Law of Conservation 

Per our definition of what is fundamental, preons(-) and preons(+) never change. It follows that 

the number preons(-) and the number preons(+) must be constant. This has two important 

consequences.  

The first is that though it may be so large as to be indistinguishable from an infinite universe, the 

size of the QGU must be finite.  

The second consequence is that since a preon(-) can only transitorily hold one preon(+) and 

since preon(+) are in constant motion, there needs to be at least one free preon(-) ahead of 

each preon(+) at all times. So the maximum theoretical density of matter in any region cannot 

exceed 1 preon(+)/ 2 preons(-).  

Hence, since singularities do not exist in the QGU, it couldn't have evolved from one,  as theory 

and observations suggest our universe has. The QGU evolved from an isotropic state were 

preons(+) were evenly distributed in quantum-geometrical space. (1)  

Mass and Energy 

In the QGU, the mass of an object is simply the number of preons(+) it contains and its energy, 

the number of preons(+) it contains multiplied by the fundamental kinetic energy of a preon(+), 

which we will see later is equivalent to c.  So, from the axioms of space and matter, it follows 

that 
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where    and    are the energy and mass of an object a. This formula, which is directly derived 

from our space and matter axioms, is similar to Einstein's equation. However, the mass of an 

object being the number of preons(+) it contains and since preons(+) never change, mass never 

converts into energy nor does energy convert into mass. Energy in the QGU is an intrinsic 

property of preons(+) so, unlike Einstein's,  our      is not a equivalence relation, but a 

proportionality one. (2) 

The Cosmology of the Quantum-Geometrical Universe 

Since composite particles and structures of the quantum-geometrical universe behave like those 

of our own universe, we will assign them the names of their more familiar counterparts. For 

instance, we will refer to photon-like particles simply as photons and electron-like and positron-

like particles simply as electrons and positrons. This convention will be used throughout the rest 

of this essay for both particles and forces. 

The Preonic State 

The initial state of the QGU is an isotropic one in which preons(+) are evenly distributed in 

quantum-geometrical space. 

The photon State 

At this stage, p-gravity acts to bound certain preons(+) into photons; which are the simplest 

structures found in the QGU. The formation of photons in quantum-geometrical space is also 

isotropic. At this point in the evolution of the QGU, photons start to permeate the QGS and form 

something that behaves like our universe's cosmic microwave background radiation (CMBR). 

Like that of the CMBR, the distribution of photons is isotropic. 

Note: A group of preons(+) are structurally bound if, within a given scale of reality and under 

effect of a given force associated with the given scale on them, they behaves as one object. 

The Electron/Positron/Neutrino State 

During this state of the QGU, electrons, positrons and neutrinos form. The mechanism of 

formation of an electron in the QGU, which will be summarized here, provides an explanation of 

an event in which photons form electrons, positrons and neutrinos.  

The adjacent figure illustrates how two photons moving 

from the top left of the figure converge at a quantum-

geometrical distance of one leap. When non-coplanar 

photons are close enough and their mass is sufficient, 

the p-gravity interaction binds corresponding preons(+) 

at the point of intersection into preons(+) pairs to form 

an electron. The electron will move in a direction that is 

the resultant of the directions of initial photons. The 
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bounded photons of the electron retain the directional components the initial photons, thus  

paired preons(+) will move about one another along helical trajectories.  

Positrons are formed by the same mechanism but with the helical trajectories of the photons 

reversed (counter clockwise about the directional axis rather than clockwise). This is the only 

difference between the electron and the positron in the QGU.  

As in our universe, the electrons and positrons of the QGU, can annihilate each other. Such 

annihilation results in the release of photons which initially formed the interacting particles.  

The figure on the left illustrates the formation of a 

neutrino from two coplanar photons. As with the electron 

and positron, the neutrino forms when photons intersect 

at short distance, but while the preons(+) in electrons or 

positrons move in helical paths, those of the neutrinos 

move along straight and parallel trajectories. As a result, 

neutrinos have no transversal directional components. 

Because of their structure, neutrinos move in straight 

lines, thus at the speed of light (the speed of preons(+) to be more precise). 

The difference between the structures of neutrinos and electrons or positrons also explains 

why, in the QGU, neutrinos have no electric charge while electrons and positrons do. This will be 

explained later. 

Nucleon and Later States of the QGU 

The formation of structures in the QGU follows a hierarchy that goes from preons(+) to photons, 

to electrons/positrons/neutrinos , to nucleons, then nuclei and atoms and,  to molecules or 

other structures formed from atoms, and so on up to large cosmic structures.  

But regardless of the object, they are all fundamentally composed of bound preons(+), which 

always move at the fundamental speed of free preons(+). The difference being that bound 

preons(+) do so along curved paths in accordance to the laws of motion we will introduce later. 

The Locally Condensing Universe 

The mechanism of formation of structures is such that the QGU would not be an expanding 

universe, but a locally condensing one. A locally condensing universe (one in which matter 

condenses around galactic centers) may sound quite different from our own expanding 

universe, but it can be shown that the two are nearly undistinguishable. For instance, both 

universes will have large structures, such as galaxies or galaxies clusters, appear to move away 

from one another at an accelerated rate. But they do differ in one important way. The redshift 

effect in the QGU is proportional to the rate at which matter collapses towards its local center, 

not to the rate at which the object moves away from us. So two objects in the QGU may be at 

the same distance from us, yet have redshifts that differ by several orders of magnitude. 
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Forces, Effects and Motion 

I would like to emphasize here that, as we mentioned above, n-gravity acts between preons(-) 

and p-gravity acts between preons(+). But because preon(+) exists only in quantum-geometrical 

space, they are always transitorily pairing with preons(-). And because fundamental properties 

are conserved, the preon(-)/preon(+) pair must retain the fundamental properties of both the 

preon(-) and the preon(+). Since the pair must carry both n-gravity and p-gravity charges, they 

interact with both preons(-) and preon(+).  All interactions in the QGU will be shown to emerge 

from interactions between preon(-)/preon(+) pairs and our two fundamental particles. 

Forces and Effects 

There exist effects in the QGU that affect matter in ways that are similar to how, in our universe, 

forces identified as fundamental do. There is gravity, for example, but unlike that of our 

universe, quantum-geometrical gravity is non-fundamental. Gravity in the QGU, as all 

interactions, emerges from n-gravity and p-gravity. 

The fundamental interaction, which provides the basis for defining and calculating gravity, is 

that which exists between two preon(-)/preon(+) pairs. 

We already established that the force acting between any two preons(+) is the fundamental unit 

of p-gravity,     but the gravitational interaction between them must also take into account the 

interactions with the preons(-) between them (each interaction being of unit n-gravity or   ).  

So the interaction between two preon(-)/preon(+) pairs is the resultant of the n-gravity and the 

p-gravity between them. To express this using single integer units, one has simply to count the 

number of p-gravity interactions and the number of n-gravity interactions, convert the p-gravity 

value in their equivalent n-gravity value using the relation        , then add the results. 

For two free preons(+),   and  , moving in the same direction on parallel trajectories at a 

distance equal to        , the magnitude of the gravitational interaction between them 

(gravity) is given by          
    

 
 where the quantum-geometric distance   is equal to 

the number of preon(-) on the line connecting the preons(+) and   is the proportionality 

constant between    and   ; that is          . 

Also, participating in the interaction, are the preons(-) along the imaginary line connecting 

preons(+)   and    interact with the preon(+)s and with each other. The magnitude of the n-

gravity interactions between two preons(+) is the number of such interactions or 

      
    n-gravity interactions (all preons(-) interacting with all other preons(-)). 

In our example, if            then the net gravitational interaction or gravity is null and 

the preons(+) will have no effect on their respective trajectories. 

If            then gravity is positive and the preons(+)’s trajectories will move toward each 

other in accordance to the laws of motion described in the section titled Laws of Motion. 
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Finally, if           , then the preons(+) will push away from one another at a rate 

proportional to        and in accordance to same laws of motion. 

Gravity Between Two Structures 

Gravity between two structures is calculated in a similar way. If objects   and   respectively 

contain   and    preons(+) and the quantum-geometric distance separating them is equal 

to  , then the gravity between them is given by              
      

    

 
 or simply 

              
    

 
 . Here, the product      gives the count of p-gravity interactions 

between the two structures,         , the number of n-gravity interactions between any two 

preons(+), one belonging to   and the other   , and     , the total count of such n-gravity 

interactions between   and  . The reader will recall that the mass of an object is the number of 

preons(+) it contains. 

As we can see, the gravity effect emerges from the two fundamental forces in the QGU. The 

equation that describes gravity in the QGU and Newton’s Law of Universal Gravitation 

  
     

   or in QGD terms        
     

   both agree that the gravitational interaction 

between two bodies is proportional to the product of their masses.  But the Newtonian 

equation implies that space is a continuous and amorphous medium. Not so in the quantum-

geometrical space which dynamically interacts via the n-gravity field. Quantum-geometrical 

space dynamically participates in the gravitational interactions between bodies. That said,  

Newton’s Law of Universal Gravitation may be used as an approximation for gravity for 

distances such that    
  

    

 
 , which are the distances at which our universe's gravity is 

significant. 

We also must note that unlike Newtonian gravity, which is strictly positive,  gravity in the QGU 

can have a null value when   
    

 
  or even a negative value when   

    

 
 .  

Also, in the QGU, the same equation can be used to calculate the interactions between any 

quantum-geometrical objects at any scale. Gravity, for instance, is a particular case when n-

gravity and p-gravity are in near equilibrium. When distances are very short, the magnitude of 

the effect is increased by a hundred or more orders of magnitude and the interaction is 

comparable in magnitude to our universe’s strong nuclear interaction.  

When         is negative, the interaction is similar to the effect we attribute to dark energy.  

Also, though preons(+) individually interact very weakly other physical structures (they wouldn’t 

interact with any known instruments), if a region of space is large enough, the free preons(+) it 

contains collectively interact in a manner consistent with the observed effect of what we call 

dark matter.  The present state of our universe would then correspond to one in the QGU where 

most preons(+) are still free and the rate of production of its "CMBR" is comparable to that 

which existed in its initial state. 
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Electromagnetic Effect 

Since the QGU is filled with free preons(+) and because of their helical motion of their 

component preons(+), electrons and positron interact with them. This interaction, at short 

distance, affects the directions of free preons(+). It polarizes the immediate preonic field and 

creates what in our world we’d call an electromagnetic field.  Since neutrinos move in linear 

paths, they interact very weakly with the preonic field, thus they do not generate any 

electromagnetic-like field. 

Charged particles trade preons(+) with the preonic field, trading at the same time their 

associated momentums. This causes like-charged particles to repel, and unlike-charged particles 

to attract.(3) 

Weak Nuclear Interaction 

An effect similar to the weak nuclear interaction also emerges in the QGU which results from 

the breaking of the inner equilibrium between internal gravitational and electromagnetic 

interactions, which in turn causes events leading to the emissions of particles until equilibrium is 

restored. (4) 

Laws of Motion 

The reader will recall that the speed of preons(+) is constant, invariable and, most importantly, 

fundamental.  Its kinetic energy drives the preon(+)to make one leap by time unit (one 

leap/leaptime if you will). The energy of a preon(+) is numerically and physically equivalent to  . 

Though its speed is invariable (and its energy), a preon(+)’s direction changes when submitted to 

a gravitational interaction. So, if a preon(+),     , is in proximity to a body  , the gravitational 

effect between it and the body will change the preon(+)’s direction so that its speed towards the 

mass   will be equal to 

 
        

       

 
        

The reasoning here is that the since the velocity of the preon(+) is invariable, gravity will 

influence only its direction. The effect will therefore be proportional to the projection of the 

gravitational effect on the perpendicular to the axis of motion of the preon(+). The angle   is 

then the angle between axis of direction of the preon(+) and the line connecting the preon(+) 

to  .  

The equation also applies to preons(+) bounded into structures where the mass of the 

structures is the number preons(+) they contain. So, if   is a body in proximity to a body  , then 

the speed of   toward   for a given distance is:  
 

   
 

 

  
  

        

 
        . Similarly, the 

speed of   towards   for a given distance is 
 

   
 

 

  
  

        

 
        where   is the 

angle between the directional axis of   and the directional axis of the gravitational interaction 
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between   and  . Therefore, the speed of a body corresponds to the projection of the 

trajectories of any of its component preons(+) on the axis of its direction. 

Momentum 

We will use here the classic definition of momentum of a body, that is, the product of its mass 

by its speed along the       axis is  

      
 

  
  

        

 
        

  
        

 
        

where    is the momentum of   and    and since 

      
 

  
  

        

 
        

  
        

 
        

then 

      

That is, the individual momentums of two bodies attributable to the gravitational interaction 

between them are equal. Thus, the gained momentum of a quantum-geometrical apple falling 

from a quantum-geometrical tree is the same as that of the momentum acquired by a quantum-

geometrical Earth from its gravitational interaction with the quantum-geometrical apple.  

Acceleration in Quantum-Geometrical Space 

Since the mass and energy of a quantum-geometrical body is independent of its speed, it follows 

that its acceleration due to gravity must result from variations in the magnitude of the 

gravitational interaction it is submitted to, which itself is a function of distance. For a two bodies 

of given mass and direction, distance is the only variable. The speed of a body is given by: 

 
   

 
 

  
  

        

 
        

so that its acceleration is 

  
   

 
 

  
  

         

 
        

Now, substituting the quantum-geometrical values for acceleration and mass in the 

classical       we get 
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So in the QGU,   does not represent force, but the variation in momentum of a mass. 

Particular Case where   is a sun-like body and   is a photon-like particle 

If   is a photon passing in proximity to  , a sun-like object, then the deviation of   towards   is 

given by 
 

   
  

        

 
        

One must remember that the value          changes as function of the distance between   

and  .  We must also to take into account the quantum-geometric structure of space which 

implies that preons(+) move in integer multiples of the fundamental leap, which is why we used 

the integer function   , also known as floor function. 

Energy versus Momentum 

In the universe we inhabit, the energy of body in motion differs from its energy at rest; the 

difference in energy being attributed to momentum.  But in the QGU, the speed of a body is 

only the projection of the trajectories of its component preons(+) on its axis of motion; which 

means that speed is only an axial component of the speed of its preons(+). 

What this implies is that when a body is accelerated, be it a particle or more massive structure, 

its momentum increases according to the equation discussed earlier but its mass and energy 

remains invariable. A force acting on a particle, for example, only changes the directional 

components of its preons(+), its speed along the axis of direction of the force, but not their 

energy. This means that cosmic objects in the QGU can move away from each other at an 

accelerated rate without ever violating the law of conservation (which arguably our own 

universe violates to sustain its observed accelerated expansion). 

Conclusions 

The aim of this essay was to question one of the most fundamental assumptions in physics, the 

continuity of space, and explore the consequences of space being quantum-geometrical. The 

physics of the QGU bares remarkable resemblance to the universe we live in.  So much of its 

emerging physics behave like aspects of our reality that one may wonder if our universe itself 

could be quantum-geometrical. But whether it is or not, the question remains a valid one which, 

if competently investigated, could lead to some interesting new insights.
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Notes 

(1) In the QGU's initial sate, n-gravity and p-gravity fields were in perfect equilibrium.  That is, if 

  
  

and   
  

 represent the number of p-gravity and n-gravity interactions the QGU, then 

    
  

   
        

  
   

      but since        
 

     , at the macroscopic scale, the 

relative value of   
  and   

  become negligible and we can write:  

   
  

     
  

   

So the initial temperature of the QGU can be estimated to be 
  

  

  
  or, since 

  
 

  
  

 

  
; we can 

simply write 
 

  
. The initial temperature of the QGU is thus the ratio of its only two constants. 

(2) In QGU, processes such as nuclear fission, for example, do not convert mass into energy, but 

produces resultant particles which the sum of the absolute values of their momentums is 

greater than the total momentums the initial particles. Such a reaction is described by the 

following equations: (a)     
 
        

 
   , (b)    

 
       

 
    (c)    

 
         

 
    , 

where   and   are respectively the initial and final numbers of particles. (a) represents the 

energy before and after the reaction, (b) the momentums before and after the reaction and (c) 

The last equation provides a model of the increase in absolute momentums.  

Using the last equation, we can see that the “energy” released, which is actually an increase in 

the projection of energy in a direction of motion of particles is given by         
 
       

 
    

So the release of energy comes in the form of reorientations of the preons(+) of the initial state.  

In QGU, photons are a class of particles which momentums are equal their total intrinsic energy. 

In other words, their momentums account for their entire energy, that is; the motion of its 

component preons(+) coincides with the axis of motion of the particle. 

The equation      
 
    is also equal to the heath of a system. This allows us to define 

temperature as 
   

 
   

      
, where        is the volume, given in preons(-) of the region of quantum-

geometric space occupied by the system. So, the heat of a system is the sum of the absolute 

value of the momentums of the components of that system. So since any regions must have a 

maximum of one preon(+) per two preons(-),the maximum absolute temperature is    . 

For fusion, we get          
 
 

          
 
    where                             and 

the expression on the left side gives the absolute momentum of the two reacting particles and 

the one on the left, the absolute momentum or heat resulting from the fusion of particles 1 and 

2 into particle 3,  the summation being the heat of the   subparticles resulting from the fusion, 

and   represents the angle between the trajectory of an reacting particle and that of the 

resulting particle. 
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For fission of particle 3, we get          
 
 

                                 
 
    

Assuming that particle 4 remains structurally intact, the heat of the from fission is given by 

                            
  

    . It follows that the difference in the heat produced 

between fusion and fission is approximately equal to      
 
   . 

(3) In quantum-geometrical space, preons(+) move randomly in all possible directions, but when 

they are in close vicinity to charged particles, they becomes loosely coupled to them. According 

to the laws of motion, charged particles (those with preons(+) on helical orbit) affect the motion 

of those nearby free preons(+). The resulting effect is that the region in proximity of a charged 

particle becomes polarized; the net momentum of a quantum-geometrical region is non-null, 

that is, a greater number of preons(+) move in particular direction than in any other. 

When a charged structure interacts with a polarized preonic region, it exchange preons(+) with 

it.  Thus the structure acquires  preons(+) from the polarized region, and with them, their 

discrete momentums. This change the net momentum of a structure “ ” proportionally to the 

ratio of the number of substituted preons(+),       , over its mass   . This mechanism explains 

why the electromagnetic effect appears to be so much stronger than the gravity effect. The 

electromagnetic effect does not gravitationally change the directions of the preons(+) in a 

structure, which requires a high         value (even an object as massive as the Sun has little 

effect on the motion of a photon or electron) but substitutes some of its preons(+) with or 

absorbs  preons(+) that have different direction and momentum. This changes the momentum 

of the affected structure with great economy.  

(4) For a nuclear or sub-nuclear structure to be stable in the QGS, the gravitational and 

attractive electromagnetic (     ) effects must be in equilibrium with the repulsive 

electromagnetic effect (     ). That is, if   is a proton bounded within  , a nucleus, then 

                          , where   is the margin of stability. As long as the 

relationship above is maintained, then the structure, be it an atomic nucleus or massive particle, 

will be stable, but if                            then   will be pulled in proximity to 

a neutron, resulting in a proton-neutron event. 

If the value of   is high, a proportional change in a nucleus’ mass is needed to break equilibrium 

(absorption of a neutron, for example). But if   is small, the mass of a nucleus is at the limit of 

the stability margin, photons may be enough to break the equilibrium.  Once the equilibrium is 

broken, particles will be emitted until equilibrium is restored. The type of radiation depends on 

the value of  .  If it's low then photons will be released. If it's high, the breaking of the 

equilibrium triggers the emission of alpha and/or beta particles (all particle decays or 

transmutations are caused by the breaking of the equilibrium so that                  

           ). The breaking and restoring of the equilibrium is the regulatory mechanism that 

dictates that particles in the QGU, protons or neutrons for example, have definite sizes and 

masses. 


