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Abstract 
A multidirectional discrete space consists of numerous hypercubic lattices 
each of which contains one of the spatial directions. In such a space, several 
groups of lattices can be distinguished with a certain property. Each group is 
determined by the number of lattices it comprises, forming the characterizing 
numbers of the space. Using the specific properties of a multidirectional dis-
crete space, it is shown that some of the characterizing numbers can be asso-
ciated with a physical constant. The fine structure constant appears to be 
equal to the ratio of two of these numbers, which offers the possibility of cal-
culating the series of smallest numerical values of these numbers. With these 
values, a reasoned estimate can be made of the upper limit of the smallest 
distance of the discrete space of approximately the Planck length. 
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1. Introduction 

Once in a while there is speculation about the origin of the physical constants of 
nature. As can be seen in the review article by Barrow [1], some authors have 
noticed coincidences between these constants and numbers of cosmological 
proportions, others see similarities between the constants and some numbers 
obtained in a combinatorial manner. Wesson [2] has proposed to completely 
eliminate the physical constants through appropriately adjusting the quantities 
and parameters in the fundamental equations of physics.  

Here the possibility is investigated that the physical constants originate from a 
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discrete space with many spatial directions. A multidirectional discrete space 
consists of a large but limited number of sparsely connected four-dimensional 
subspaces, each forming one of the spatial directions. The huge number of mu-
tually equal subspaces offers possibilities not existing in the usual continuous 
space. The set of all subspaces consists of various subsets with a certain property. 
Because each subset consists of subspaces encompassing the entire space, the 
number of subspaces characterizing the subsets is timeless and valid throughout 
space. This property makes these characterizing numbers an ideal candidate to 
be related to the physical constants. For some physical constants, indeed there 
appears to be such a relation. This will be shown in two main steps. 

In the first step to be found in Chapter 2, some required physical quantities 
are expressed in the units of the multidirectional discrete space. Only two units 
are needed, the smallest distance of a discrete space and the unit representing the 
diversity of subspaces in which a phenomenon is present.  

In the second step of Chapter 3, it is shown that the different directions of a 
field in a multidirectional discrete space can be treated as independent entities. 
When this is combined with the results of the units’ conversion, it is showed that 
the field in a multidirectional discrete space likely has a granular appearance. By 
using this possibility in combination with the many subspaces of a multidirec-
tional space, it is shown that some of the characterizing numbers are propor-
tional to a physical constant. In Chapter 4 it is shown, based on the huge number 
of subspaces, that the fine structure constant is equal to the ratio of two charac-
terizing numbers, making the constant being an expression of the space struc-
ture. This ratio of two natural numbers, allows calculating the minimal values of 
the numerator and denominator from the empiric value of the fine structure 
constant. In Chapter 5, the minimum values of nearly all characterizing numbers 
are calculated in case an additional structural element of the discrete space ap-
plies. 

The last chapter shows how to determine the largest numerical value of smal-
lest distance of the discrete space with the found values of the characterizing 
numbers. The distance found appears to be of the same order of magnitude as 
the Planck length. 

2. Expressing Some Usual Physical Quantities in the Discrete  
Units 

A set of loosely connected hypercubic lattices (as given in [3]) is used here as an 
example of a multidirectional discrete space. Such a space is discrete at the level 
of the lattice and in the number of hypercubic lattices it consists of. The dis-
creetness of space is expressed in the unit-distance ( )x t∆ = ∆ , being the minim-
al distance both in space and time. Due to the many lattices, an object is present 
in a subset of all possible lattices. To describe a particle field, an additional unit S 
is required representing the lattices in which the object is present. 

A physical quantity expressed in obvious unit Δx and in the unusual unit S is 
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called a discrete quantity, indicated in the subscript: qd. Curiously, no more units 
are needed. To incorporation of the physical quantities in a discrete space, the 
centimetre and the second need to be converted into the unit-distances Δx in Δt. 
This fairly simple conversion will be described first. For that purpose it is as-
sumed that the arithmetically obtained classical electron radius re, the distance 
from which the electron field is present, is directly proportional to the smallest 
size Ld0 of the electron field in a lattice: 0e d conr L ρ= , wherein Ld0 is expressed in 
Δx.  

In a lattice, the distances Δx and Δt are equal: Δx = Δt. For the sake of clarity 
the two units Δx and Δt will be indicated separately.  

Name Symbol     Definition    Unit 

Conversion constant 0con e dr Lρ =  cm/Δx.                (1) 

Discrete distance d conx x ρ=  Δx.                    (2) 

The value of classical electron radius re of Equation (1) is an empirical fact. Ld0 
is defined in paragraph 4.3. The expectation could be that Ld0 equals the smallest 
distance Δx in a discrete space. However, in paragraph 6.2 where a method is 
given to determine the maximal numerical value of Ld0, it turns out to be 
enormous in terms of Δx. With a given Ld0 and re , the constant ρcon is defined. 

To determine the discrete velocity, it is assumed that the maximal velocity 
vdmax runs along the space-time diagonal of each lattice, making max 1dv =  so 
that: 

Discrete velocity dv v c=  Δx/Δt (=1),                (3) 

Discrete time d cont tc ρ=  Δt.                      (4) 

To describe the mass in a discrete space in terms of discrete units, use is made 
of the expression 2 2

e er e m c=  in the CGS-system (see, for example, [4]). Sub-
sequently, the quantities in this equation are replaced by discrete quantities, 
wherein the discrete speed of light equals 1. This result in the expression is 

2
de d deR e m=  with which the discrete electron mass becomes:  

Discrete electron mass 2 de dedm e R=  S/Δx.              (5) 

The discrete elementary charge ed is defined in the next chapter by Equation 
(14). Rde is the size of the virtual portion of the discrete field representing its field 
energy as defined in paragraph 4.3. There it is shown that in a lattice Rde is not 
equal to the smallest size Ld0 of the electron field. The unit S represents the lat-
tices over which the particle field is spread.  

As explained under Equation (9), the discrete and usual mass only differ by a 
proportionality constant making that the mass ratios are equal: 

 dp de p em m m m=                           (6) 

Expressed in discrete quantities, the discrete force is: d d d df m v t= ∆ ∆  and 
the discrete work is the product  d d dW f x= . Together with (2), (3), (4) and (6), 
the relation between discrete work Wd and conventional one W is:  

Discrete work 2
d de eW Wm m c=  SΔx/Δt2.                  (7) 
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The Coulomb energy expressed in the Gaussian unit system is: 2
cU e r=  [4]. 

Transcribing of the usual quantities in this relation by the discrete ones gives the 
discrete potential energy of the electron:  

Discrete Coulomb pot. 2
dC ddU e r=  S/Δx,                 (8) 

in which rd is the discrete distance between two particles. Above equation im-
plies that the discrete elementary charge ed is expressed in the unit S . Anoth-
er relation for the discrete electrical potential UdC can be obtained by inserting 
the usual 2

CU e r=  in the relation (7) between discrete and conventional work. 
Equating this relation for UdC with (8) gives a relation between the discrete dis-
tance rd and r. By using relation (2), these distances can be eliminated, resulting 
in a second expression for the conversion constant ( x t∆ = ∆ ): 

 2 2 2
con de dem m c e eρ =  cm/Δx.                   (9) 

The definition of the conversion constant ρcon is based on an electron. Alterna-
tively, another charged fundamental particle could be used. Because ρcon is the 
relationship between different kind of spaces independent of the particle used to 
define it, it follows from (9) that the particle independence of e/ed also applies to 
mdp/mp. 

According to the Gaussian unit system, the electric field strength is written as: 
3E er r=  [4], resulting in the analogue discrete electric field strength of an 

electron at distance rd of the electron core:  

Discrete field strength 2
d d dE e r= re  2S x∆ ,           (10) 

with er the unit vector between the two electrons. The discrete electric field 
strength will be used in the next chapter to relate ed with a natural number cha-
racterizing the discrete space.  

Replace the quantities in the de Broglie momentum equation mv h λ=  by 
the converted ones using Equations (2), (3), (6) and (9):  

2 2
d d dddp m v hce e λ= =  S/Δx. 

By defining the discrete Planck’s constant as 2 2
d dh hce e= , the discrete de 

Broglie momentum relation becomes: 

Discrete de Broglie d d dp h λ=  S/Δx.  

In 2 2
d dh hce e= , the usual Planck’s constant h can be replaced by the 

fine-structure constant 22 e hcα = π  written in the Gaussian unit system:  

Discrete Planck’s const. ( )222 2d ddh hce e e α= = π  S.       (11) 

By applying the discrete de Broglie relation to a photon, the discrete momen-
tum of the photon becomes: 

Discrete momentum photon photond d dp h λ=  S/Δx. 

The conversion of the usual photon energy photon photondW hc λ=  into discrete 
quantities by using (2), (7), (9) and (11) gives 

Discrete energy photon photond d dW h λ=  S/Δx.            (12) 

https://doi.org/10.4236/jmp.2020.113027


C. T. de Groot 
 

 

DOI: 10.4236/jmp.2020.113027 436 Journal of Modern Physics 
 

3. Discrete Physical Quantities Expressed in Characterizing  
Numbers  

The correspondence of physical properties with space characteristics is possible 
in a multidirectional discrete space, a discrete space with many spatial directions 
within an overarching four-dimensional space. Reference [3] gives an example of 
such a space where the space consists of very many hypercubic lattices, the sub-
spaces. 

A multidirectional discrete space consists of an enormous number of only 
sparsely interconnected subspaces, each having a different spatial direction. The 
set of all subspaces can be subdivided into several sets containing a number of 
subspaces with a specific property, each number being one of the characterizing 
numbers of the discrete space. These are natural numbers of limited size which 
are valid throughout space, such as the total number of subspaces nsubspaces or the 
number of subspaces with different spatial directions ndirections. It can easily be 
shown that subspaces directionsn n  [3]. A phenomenon placed in such a space is 
scattered over a subset of nparticle subspaces. 

Using of the expressions for the discrete quantities of the previous chapter, it 
will be demonstrated that there is a relation between the characterizing numbers 
and some of the physical constants. Thereby it is assumed that a field with a cer-
tain direction is only present in those subspaces with an axis in the direction of 
the action. 

3.1. Elementary Charge in a Multidirectional Discrete Space 

Within a tangle of subspaces, there is always a subspace that has a connecting 
axis through two objects. The unit vector er of Equation (10) is such a connect-
ing axis within one of the subspaces. The electric field in one of subspaces will be 
used to obtain the expression of the field strength in the set of subspaces with an 
axis parallel to the unit vector er.  

Rewrite Equation (10) to the field in one subspace. With one subspace, there is 
no need for the dimension S . Further dimensional considerations indicate that 
the field strength in one subspace is only determined by 21 dr . When the field 
strength in one lattice is as simple as possible, it is only determined by the mu-
tual distances. The consequence is that in one subspace  1de = , so that the field 
strength in one of subspaces with spatial axis er is:  

 2
dd subE r= re  1/Δx2.                      (13) 

Each subspace of the discrete space consists of a three spatial axis-directions. 
In the set of ndirections subspaces, each axis direction is by definition present in npi-

vot subspaces, a property resulting from one of the regularities in the structure of 
the space [3]. This means that of the ndirections subspaces there are npivot subspaces 
with parallel axes, from which follows that the total field in a certain direction 
consists of npivot subspaces each of strength 2

drre . With this, the total discrete 
electric field strength Ed in the direction er at a distance rd of the electron core is:  
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pivot pivot
2

d d sub dE n E n r= = re  2S x∆ . 

Comparing this expression with (10) gives that the discrete elementary charge 
ed is equal to npivot. So in a discrete space, the elementary charge represents the 
number of parallel axes within a set of ndirections subspaces: 

Discrete elementary charge d pivote n=  S .             (14) 

The above equality defines the discrete elementary charge in a multidirection-
al discrete space assuming that npivot is a known quantity (see Table 1).  

3.2. The Granulation of the Discrete Field  

Take an electric field in the absence of another field. To abstract from the influ-
ence of any other field, the distance rd in expression (13) is rewritten in Ld, being 
a certain variable determining the field strength in one subspace. With omission 
of the unit vector er, the electrical field Ed sub in one subspace is:  

21d sub dE L=  1/Δx2. 

Apparently, Ld is a distance measure making that the field in one subspace is de-
termined by a surface area 2

dL . With the above equation, the energy density 
2
d subE  the field in one subspace is:  

2 41 dd subE L=  1/Δx4.  

The relation for the energy density indicates that the discrete field can be di-
vided into four-dimensional cubic-like entities of size 4

dL  of which the surface 
area 2

dL  forms a part. To obtain the field energy out of the energy density, a 
cube-shaped spatial part of the field of size 3

dL  is taken. To not be limited in 
possibilities, assume that within one subspace for unknown reasons the spatial 
part of the field has a repetition period in time Td, implying that it is only par-
tially present in time. With the gap in time, the spatial part of the field will only 
be present uninterrupted during the time Ld, and is not present at all in the re-
maining period Td. If present, the energy density of the part of the field is 41 dL , 
for the rest of the time Td there is no energy density at all. On average over the 
period Td, the energy density is Ld/Td part of 41 dL , making:  

3energy density 1 d dL T=  

with this, the average discrete field energy Wd sub in one subspace of a spatial part 
of the size 3

dL  is equal to:  

1d sub dW T=  1/Δt. 

3.3. The Field Energy of a Discrete Particle Field 

A particle field is unlimited present with decreasing strength at increasing dis-
tance to the particle core. For a particle field consisting of concentric parts, each 
part with size Ldi have an associated repetition distance Tdi, where 1/Tdi is the 
contribution to the energy of the field. The sum of these contributions results in 
the field energy 1/Td particle of the particle. Due to the finite nature of the total field 
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energy of a particle, all various parts can be replaced by one virtual quantity Rd 

particle with repetition distance Td particle. Being cumulative quantities, both Td particle 
and associated Rd particle are real numbers.  

The particle field is present in at least ndirections subspaces, being the minimal 
number of subspaces with all possible different directions, a small subset of the 
set of all subspaces. With ndirections mainly independent subspaces, the total field 
energy of the particle is the cumulative of the individual contribution 1/Td particle 
of each subspace1: 

 particle directions  particled dW n T=  S/Δt. 

when, as usual, the total field energy is equated to the particle mass, the discrete 
particle mass becomes: 

  particle directions  particled dm n T=  S/Δt.                (15) 

3.4. Relation Wavelength and Photon Energy  

With regard to motion in a discrete space, there is still no satisfactory descrip-
tion thereof, see [5] or [6]. Only in the case of the motion of a photon in a lattice, 
some remarks can be made based on the probable granulation of the field and its 
movement along the space-time diagonal.  

In a multidirectional discrete space, the photon field is distributed over nphoton 
subspaces, each with an axis in the direction of motion. Empirically, after anni-
hilation of an electron-positron pair in photons, there is no remainder of the ini-
tial electron fields. In the process, the electron field within ndirections subspaces 
with all possible directions is transformed into a photon field within nphoton sub-
spaces with an axis in the direction of motion. To make this transition possible, a 
subspace with an arbitrary direction is somehow connected to a subspace with a 
preferred axis. The space-point of the multidirectional space, being a time series 
of subspaces as explained in 4.1, forms such a connection. Apparently a trans-
formation of a part of the field in the one subspace to another field in another 
subspace can take place via the space-point in an unknown manner. This being 
the case, every subspace with random axes has a unique subspace with a pre-
ferred axis, so that photon directionsn n=  and  

photon directions photond dW n T= . 

The time length Td photon is equal to the spatial wavelength of the photon: At 
the moment of the conversion, each part of the electron field is transformed into 
a part of the photon field, making that the photon must also consists of parts. 
The photon field is moving with photon 1v =  so its parts are present along the 
space-time diagonal of the subspace, meaning that the parts are moving stepwise 
with step size photon photond dL T=  if the parts are contiguous. 

Let there be a perfect synchronization of the presence in time of all parts of 

 

 

1Note that in general a particle could be present in more, not less, than ndirections subspaces. Is that the 
case, it is necessary because the discrete Planck’s constant applies to all types of particles to split npar-

ticle in subsets of ndirections subspaces. 
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the photon field. This synchronization ensures that during each period Td photon 
the parts are simultaneously present at location ( )photon |  = integerdz nnT=  in 
all nphoton subspaces involved. Due to the relatively long-term presence at the lo-
cation of each step, the photon had a greater chance of interaction on the spot. 
By the fixed mutual distances of those locations, Ld photon can be interpreted as the 
discrete wavelength λd photon of the previous chapter:  

photon directions photond dW n λ=  S/Δx. 

By equating this expression with the same expression for the photon energy of 
the last chapter (12), the discrete Planck’s constant becomes: 

Discr. Planck’s constant directionsdh n=  S.                 (16) 

3.5. Relation Discrete Electron Radius and Its Repetition  
Frequency  

Equating the two expressions (11), (16) for the discrete Planck’s constant results 
in ( )direction

2
s 2dn e α= π . When this relation is subsequently inserted in the mass 

expression (15) one gets:  

( )electron
2 2 .d dedm e Tα= π  

The same discrete electron mass is also determined by (5): electron
2
dd dem e R= . 

Rde is, according to Section 3.3, the size of a virtual spatial part in which the total 
electron field is concentrated. In a multidirectional discrete space, the electron is 
thus determined by both a spatial size Rde and its repetition time Tde, related by:  

 2 .de deT R α= π                        (17) 

Equation (17) will be used to relate the origin of the fine structure constant to 
the structure of the discrete space considered2.  

4. The Fine Structure Constant Arising from the Space  
Structure  

In addition to the diversity of almost independent subspaces with a spatial direc-
tion, the multidirectional discrete space has characteristics resulting from the 
arrangement of subspaces along the time axes. This arrangement, necessary to 
provide for the plurality of directions, is the cause of the fine structure constant. 

The discrete space studied here consists of many four-dimensional lattices 
linked together over the time axis of each lattice. The subspaces differ only in the 
direction of the three spatial axes. The resulting number of subspaces due to this 
space structure is countless. This number becomes less exuberant when there are 
regularities in the presence of subspaces. The connection via a space-point of 
two subspaces at regular space-time positions in both the one as the other sub-
space is one of these regularities when it applies to all subspaces. 

 

 

2In the case there is no time gap in the presence of a part of the field in one subspace, the discrete 
electron mass would be: ( )electron

2 2d ed dm e Rα= π . This combined with (5) results in 1 2 α= π , a 

difficult to explain result. The time gap is therefore a necessity. 
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In case these regularities in space-time positions are such that the set of sub-
spaces is limited, the space is a discrete space determined by the structural regu-
larities. This makes the multidirectional discrete space a framework whose regu-
larities have yet to be found. The only criteria for this are the properties of the 
reality and the phenomena occurring therein. 

4.1. The Space-Point of the Multiple Directional Space  

Let one of the regularities of space be such that each time axis consists of groups 
of npoint directly connected vertices, each of them belonging to a lattice with a 
different spatial direction. After npoint vertices, there is a connection with a vertex 
of the original lattice. By this way of organizing, every lattice of the space re-
mains an ordinary hypercubic lattice with equal smallest distances in time Δt 
and space Δx. A space-point is an endless series of vertices connected in time. It 
consists of equal parts of npoint vertices, each of them belonging to a different lat-
tice. The parts are repeated over time, such that after npoint vertices the vertex be-
longs to the same subspace. 

One of the supposed regularities of the space is that npoint represents the same 
number for every space-point. Because of the succession of npoint intermediate 
lattices, the smallest distance of a lattice Δt can be subdivided into even smaller 
differential time steps δt with: 

point .t n tδ∆ =   

The space thus formed consists of parallel time axes by definition, the three 
spatial axes perpendicular thereto are only in exceptional cases parallel. In Fig-
ure A1 of the Appendix, a visualization is given of a limited series of coupled 
lattices with different spatial orientations.  

4.2. The Imbalance in the Occurrence of Subspaces 

To keep all possibilities open, presume that there is an imbalance in the number 
of subspaces with all possible spatial directions ndirections in relation to the number 
of subspaces of each space-point: directions pointn n . The consequence of this im-
balance is that the set of ndirections subspaces is part of a bundle of space-points. 
Because all subspaces are interconnected via the space-points and the diverse 
lattices, many chains of space-time connections can be distinguished comprising 
all ndirections subspaces. Within these chains, take the chain consisting of tdirections 
consecutive equal time steps δt that comprises all ndirections subspaces of the bun-
dle. Then the ratio  

directions directions pointt t n n∆ =  

represents the duration of the chain in question expressed in Δt. The first and 
last subspaces of the chain will have three parallel spatial axes, but both sub-
spaces cannot be the same because the ratio will generally not be an integer, 
necessary to be the same subspace. It will appear that above ratio is equal to 
(2π/α).  

https://doi.org/10.4236/jmp.2020.113027


C. T. de Groot 
 

 

DOI: 10.4236/jmp.2020.113027 441 Journal of Modern Physics 
 

4.3. The Fine Structure Constant and the Particle Field 

According to paragraph 3.3, the particle field in each subspace consists of parts 
of size Ldi, each part with a repetition distance Tdi. During the time Tdi – Ldi no 
part is present in one subspace. Because the parts must always be present some-
where, the parts are spread in time and space over the ndirections subspaces. The 
scattered parts of the particle field are contiguous, meaning that when in one 
subspace the presence of a part stops after the time Ldi, the presence of another 
part starts in a subsequent subspace. This implies that there must be a connec-
tion between the successive parts in the different subspaces in an unknown way. 
These connections form a chain over ndirections consecutive subspaces with each t 
= Ldi a subsequent connection in another subspace. The total time distance of the 
chain is then directions pointdi diT L n n=  expressed in Δt. To have the beginning and 
end of the chain in the same subspace, the size of each Ldi is such that Tdi is an 
integer. So the following relation between of two ratios of integers applies:  

directions pointdi diT L n n= . 

According to paragraph 3.3, particle field will consist of numerous field parts 
of various sizes, each part contributing 1/Tdi to the total energy. Therewith the 
total energy per subspace becomes: 

particle point directions1 1 1d di diT T L n n= ∑ = ∑ . 

Td particle can also be expressed in the smallest size Ld0 of the particle field  

particle 01 d p dT c T= , 

in which cp is an easy to define particle dependent constant. The term 1/Td particle 
determines the discrete particle mass (15). Define the associated virtual spatial 
part Rd particle by particle 01 1d di p dR L c L= ∑ = , where cp is the same constant as in 
the above relation. When applied to the electron, the ratio becomes: 

 directions point 0 0de de d dT R n n T L= = .               (18) 

The value of Ld0 can be calculated as shown in paragraph 6.2, however, that 
does not apply to Rde which determines the discrete electron mass (5).  

By combining (17) and (18), Tde/Rde can be eliminated resulting in a particle 
independent relation for the fine structure constant in a discrete space:  

 directions point 2 .n n απ=                   (19) 

Equation (19) expresses the fine structure constant in just two characterizing 
numbers showing that the natural constant seems to stem from a discrete cha-
racter of the space structure.  

5. Calculation of the Numerical Values of the Characterizing  
Numbers  

The fine structure constant 1/(2π/α) is a well known real number. Because the 
fine structure constant is a ratio of two integers (19), this enables to calculate the 
minimal values of ndirections and npoint.  

Instead of calculating these values directly, a regularity in the arrangement of 
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the subspaces of the space-point will be postulated. The chosen regularity re-
markably gives the possibility to calculate almost all values of the characterizing 
numbers of the discrete space in the form of a broken series of natural numbers. 
It is used that the empirical value of (2π/α) only is fraction larger than 861.  

5.1. Clustering of Subspaces of the Space-Point as Regularity of  
the Space Structure  

Investigate the possibility that the subspaces of each space-point can be grouped 
into clusters of contiguous subspaces with a certain property. Each cluster covers 
an equal time interval: 

cluster clustert n∆ =  δt. 

wherein ncluster is the number of subspaces of the cluster and δt is the differential 
time step of the space-point. Let a space-point consists of ngroupP clusters: 

 point groupP clustern n n=  S.                     (20) 

Let the ndirections subspaces with different direction also be composed by a set of 
ncluster subspaces, each cluster containing mutually different spatial directions. 
When the set consist of ngroupD clusters, the total number of subspaces is: 

 directions groupD clustern n n=  S,                  (21) 

with groupD groupPn n> , because directions pointn n> . 
The last inequality means that the clusters must be present in a bundle of 

space-points. The space-points of the bundle do not mutually differ in the num-
ber of subspaces but in the spatial directions of the subspaces. Inserting equa-
tions (20) and (21) in relation (19) gives:  

 directions point groupD groupP2 n n n nα =π = .              (22) 

5.2. The Characterizing Number Which Determines a Cluster of  
Subspaces 

Let each cluster be determined by nspin with spin pivotn n< . npivot is textually described 
near Equation (14). The characterizing number nspin stands for the number of sub-
spaces within the cluster with a certain property. In the Appendix an example is 
given in which nspin represents the number of subspaces in the cluster with a parallel 
axis. In accordance with the Appendix, ncluster is written as a quadratic function of 
nspin with parameters nc1 and nc2. These are such that ncluster is a natural number:  

2
cluster spin 2 spin 12 c cn n n n n= + + . 

Due to the natural numbers that make up the characterizing numbers, equa-
tion with a ratio such as (22) can be split into two linked equations. With the ex-
tended number of equations thus obtained, nearly all characterizing numbers 
can be expressed in ncluster and nspin as will be shown. 

5.3. Factorizing of (2π/α) 

Use of the property that the value of (2π/α) is very close to an integer. With this, 
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(2π/α) can be expressed in an integer value multiplied by the fraction of ncluster and 
nspin: 

( ) ( ) ( )( )2 2
cluster spin 2 spin 1 spin2 2 2 1 2 .c cTrunc n n Trunc n n n nα α α= =π π + +π (23) 

Use this equation and (22) to eliminate (2π/α): 

( ) 2
groupD groupP cluster spin2 .n n Trunc n nαπ=  

The above relation only consists of quantities representing an integer. The rela-
tion can therefore be split into two linked relations, one determining the nume-
rator and the other the denominator: 

 ( )groupD cluster2 ,n Trunc nρ απ=                   (24) 

 2
groupP spin .n nρ=                          (25) 

with which ngroupD and ngroupP are expressed in nspin. The parameter ρ  must be 
such that both ngroupD and ngroupP are natural numbers. 

More relations can be obtained by equating the expressions (11) and (16) for 
the discrete Planck’s constant: ( )direction

2
s 2dn e α= π . Inserting the expressions 

(14), (21) and (23) in this equation results in 

( )2 2
groupD spin pivot 2 ,n n n Trunc απ=  

where the parameter ρ is gone by equating. Together with (24), this relation 
gives an expression of npivot in nspin: 

 2 2
pivot cluster spin .n n n=                          (26) 

5.4. Relation Discrete Electric Charge and the Space-Point 

After combining (14), (20), (25), and (26) one obtains: 

 2 2
point pivot spin clustern n n nρ= =  S,                   (27) 

2
pivot p t

2
oinde n n= =  S. 

ncluster is a natural number. When (27) is rewritten as pivot spin clustern n nρ= , this 
implies that ncluster is quadratic:  

 ( )2
cluster spin 2 ,cn n n= +                       (28) 

and 2
1 2.c cn n=   

Combining relation (27) with (14) and (28) gives a simple expression for the 
discrete electric charge ed:  

 ( )pivot spin 2 spind ce n n n nρ= = +  S .              (29) 

Above relation implies that the numerical value of ρ  is such that 
( )spin 2 spincn n nρ +  is a natural number. Because ρ  must also meet the condi-

tions formulated in the text under (25), the most simple value of 1ρ = . This 
will be used for further calculations. 

5.5. The Minimum Numerical Values of the Characterizing  
Numbers  

The numerical value of (2π/α) is known within a certain measurement uncertainty.  
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Table 1. Some smallest characterizing numbers of discrete space.  

nc2 nspin ncluster (28) npivot (29) npoint (27) ndirections (21)(24) 1/α (23) {Δ} 

1 76,263 5.8162 109 5.8160 109 3.3827 1019 2.9126 1022 137.035 999 706 {27} 

1 76,264 5.8164 109 5.8163 109 3.3829 1019 2.9128 1022 137.035 999 658 {−20} 

1 76,265 5.8165 109 5.8164 109 3.3831 1019 2.9129 1022 137.035 999 611 {−68} 

2 152,525 2.3264 1010 2.3264 1010 5.4122 1020 4.6600 1023 137.035 999 729 {50} 

2 152,526 2.3265 1010 2.3265 1010 5.4124 1020 4.6602 1023 137.035 999 706 {27} 

2 152,527 2.3265 1010 2.3265 1010 5.4125 1020 4.6603 1023 137.035 999 682 {3} 

2 … …      

 
By using a search procedure, it is easy to calculate the numerical values of nspin 
out of Equation (23) via the inequality: ( ) ( ) ( )2 2 2α α α

− +
π π <= π<= . The 

following empirical values are used: ( ) ( )2 861 1.00002622502 69α
+−

∗π = . 
The calculation results in a series of natural numbers for nspin in dependence 

of nc2. Table 1 shows only the smallest values for nspin and, in addition, the re-
lated numerical values of some characterizing numbers. Of the numerical values 
shown in Table 1 are only those of nspin the exact values. The other values are 
rounded numbers whose exact values can easily be calculated with the value of nspin 
and the specified equations. To check, the last column shows the back-calculated 
fine structure constant using (23). For convenience: ( )1 137.035999679 94α = . 

The individual values of the characterizing numbers have no error margins. 
The error margins can be found in the range of numerical values. Only the val-
ues of nspin are contiguous, the other numbers have a broken range of values. 

6. Concluding Remarks  

An old question is whether the real space is a continuous or discrete. For a long 
time the possibility of a discrete space was not taken seriously, mainly because of 
the fundamental problems with such a space such as the motion problem and 
the anisotropy problem [6]. With the introduction of a multidirectional hyper-
cubic lattice seems the anisotropy problem, the problem with the many direc-
tions, to have been tackled. The multitude of equal discrete subspaces therein 
offers the possibility that the physical constants arise from this omnipresent ab-
undance. In a continuous space, these constants are only difficult to explain 
facts.  

6.1. The Physical Constants as a Property of the Discrete Space 

The multidirectional discrete space differs from the usual Euclidean space only 
at the level of the smallest distance Δx. Within Δx, the space has the counterin-
tuitive property that there are no interconnections between space-points. Also 
the space is unusual in the division into many sparsely connected subspaces 
which differ only in the spatial direction. The scarce connections enable to treat 
the subspaces as almost completely separate items. This has repercussions for the 
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positioning of fields in a multidirectional discrete space.  
The first consequence is that an additional unit is required indicating the 

subspaces in which the field is present. This makes it possible to convert the 
usual physical quantities into just two units. Secondly, the barely connected 
subspaces makes it very likely that the field is distributed over the various sub-
spaces as loosely connected entities acting almost separately. This enables to ex-
press the discrete elementary charge in a number characterizing the discrete pace 
(14).  

The implication of the units-conversion is that fields in a multidirectional 
discrete space should be described as a set of granulations. The graining allows 
expressing the discrete constant of Planck as a characterizing number of the 
multidirectional space (16). The consequence is that in each subspace these 
grains must have a gap in the presence over time, whereby the different granules 
form a consecutive series present in a set of subspaces. The distribution of parts 
of the particle field over subspaces belonging to multiple space-points can be 
seen as the reason for the occurrence of the fine structure constant.  

6.2. The Maximal Value of the Smallest Distance of Discrete Space 

By adding another regularity to the, as far as known, regularities in the space 
structure, nearly all characterizing numbers can be calculated from the fine 
structure constant. The diverse characterizing numbers are presented as a range 
of values starting with the minimal one. The size of these values depends on the 
measurement accuracy of the fine structure constant. The sheer size of the values 
found is an indication of their realism. 

Not all characterizing numbers are linked here to a physical constant, such as 
the total number of subspaces nsubspaces. This number must be much larger than 
the number of subspaces with different directions 22

directions 2.91 10n = ×  (Table 
1), indicating that the physical constant associated with nsubspaces will be very tiny. 
The gravitational constant is good candidate.  

To obtain an indication of the smallest size Ld0 of a particle field, ratio (18) is 
combined with (22): 

0 0 directions point groupD groupPd dT L n n n n= = . 

Above relation indicates that various smallest sizes Ld0 are possible, depending 
on the various ways the fraction ndirections/npoint can be expressed in smaller num-
bers by reduction using the numerical values of ndirections and npoint. When each 
thus obtained Ld0 belongs to a fundamental particle, a series of such particles is 
possible varying from particles with relatively light mass for large Ld0 to heavier 
particles with a small Ld0. 

The smallest size Ld0 of discrete electron field is needed to determine the conver-
sion constant ρcon. The electron probably has the relatively large value  

 0d pointL n= , enabling heavier particles with smaller Ld0. With  
19

point 3.3827 10n = ×  from Table 1 and the empirical electron radius 
152.82 10 mer
−= × , the conversion constant ρcon can be calculated with (1). This 
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ρcon inserted in (2) gives as the largest possible value of the unit-distance of the 
lattice: 

35 8.33 10x −∆ = ×  m, 

based on the electron radius 19
0 3.38 10dL = ×  Δx.  

Δx is in accordance with the Planck length 354.05 10 mP lL K −= × , with Kl a 
dimensionless constant, as obtained by dimensional analysis (see Meschini [7]). 
This is remarkable because the method to obtain Δx only depends on the value 
of the fine structure constant and a model of electron radius Ld0, without the use 
of the gravitational constant.  

Expressed in Δx, the size of the discrete electron radius Ld0 is enormous. This 
implies that within Ld0 the field is uniformly constant, because there are no 
smaller parts of the field than Ld0. Therewith, the problem with the electron ra-
dius is not solved, but shifted to the problem of describing fields in a discrete 
space. 
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Appendix A. A Possible Clustering of Subspaces  

Take the possibility that the subspaces of a space-point are clustered into groups 
of subspaces with a spatial axis in a specific direction. The direction differs for 
each cluster. Within each cluster there are n|| subspaces with mutual parallel 
spatial axes, the other axes of these subspaces have arbitrary directions. All clus-
ters have an equal number of ncluster subspaces. 

Take as parameter the number of subspaces in a cluster with a parallel axis: 
nspin. Let these subspaces be evenly spread over the time axis with an mutual time 
distance proportional to nspin: nspin + nc (see Figure A1). So  

number of subspaces with parallel axes: spin ,n n=  
time difference of the consecutive parallel axes: spin ,ct n n∆ = +  
time interval to the next cluster ,ct∆  
gives as the number of subspaces of a cluster:  

2
cluster cluster spin spin. c c cn t n t t n n n t= ∆ = ∆ + ∆ = + + ∆  

Depicted a series of time connected vertices, each belonging to different sub-
spaces, forming a small part of the time-axis of a space-point. A cluster is formed 
by ncluster vertices in which there are n|| parallel spatial axes positioned at regular 
time interval Δt||. The other spatial axes are random. Also in other clusters are 
subspaces with an axis parallel to ||. Only within the cluster the parallel axes are 
at regular distances in the time. 
 

 
Figure A1. Clustering of subspaces. 
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