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Abstract Atoms are considered basic building blocks of the material world. Computational modelling is a
useful technique for studying and predicting natural events. Due to the complexity and wide scale range of
particle systems, current computational modelling approaches, including Classical Mechanics, General
Relativity, and Quantum Mechanics are separately designed to describe systems at different sizes and
precisions. While these disparate models have practical value for discrete, domain-specific problems, lack
of consistency between models results in challenges when multi-scale integration and computational
scalability is required. In this paper, we proposed a novel theoretical framework, inspired by the
communication theory of Shannon, to describe physical reality from a new perspective. We call this
approach Communication Dynamics. As an initial demonstration of the relevancy of this model, we
represent electron orbital structures of atoms. Our model aims to use a uniformly applicable mathematical
formula to describe natural structures at different scales. We believe this information theoretical approach
represents a new way to investigate particle-wave duality and opens a pathway to multi-scale model
integration between physics and other fields of science. The appendix containing actual calculations is 141-
page Wolfram Mathematica file, which can be obtained from SDPS web page.

Keywords: Communication dynamics theory, theory of matter and energy, communication theory, physics, general
and special relativity

1. Introduction

The Concept of Communication Channel

In communication theory, a communication channel is defined as the medium through which the
information is transmitted from the signal source to the receiver (Shannon and Weaver, 1963). Noise present
in the channel alters signals during the transmission. One can model noise as a random computation
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introduced during transmission of the signal. Shannon has mathematically defined the channel and its
capacity. A simplified representation of a communication system is shown in Figure 1, with the black box
representing the communication channel.

Information Information
— 5| Transmitter Communication Channel Receiver >

Figure. 1. Shannon’s Communication System

The Concept of Communication Dynamics (CD)

The proposed Communication Dynamics Theory has four assumptions:

Assumption 1: The universe (nature) is anisotropic.

Assumption 2: The first assumption admits the second law of thermodynamics (arrow of time). Time
is a description of the evolutionary stage of the universe as a measurement of entropy. The total entropy
of the universe is always increasing; therefore, time is not reversible.

Assumption 3: Movement from a low entropy state to a higher entropy state is experienced as a form
of acceleration. This observed state of acceleration admits the general theory of relativity. Specifically,
as the universe accelerates, the speed of time (in terms of clock ticks) can be different in different
microsystems. Observers may experience these frequencies as colors (Wilczek, 2015).

Assumption 4: The substance of the universe can be represented as an accelerating one-dimensional
communication system. All observations, including emergent dimensionality, can be described as a
manifestation of this one-dimensional accelerating Spacetime.

In order to construct a model based on these assumptions, several concepts must be defined:

Definition 1 — Computing: A universal form of existence for all natural and artificial systems at every
scale of precision. Based on this definition, we use computing to replace conventional physics terms
such as interactions, conduction, chemical reactions, entanglement, etc. In Communication Dynamics,
a common set of rules governs information exchange. Computing occurs in a domain we will define as
Spacetime.

Definition 2 -- Spacetime Point: A Spacetime point x + it is a point in the complex domain. In
Communication Dynamics, we assume time is represented by it and the space is represented by x.
Definition 3 -- T-Vectors and U-Matrices: In Communication Dynamics we define a new
mathematical object to naturally accommodate Spacetime, the Timed Vector (T-Vector). The notion of
a T-Vector is an extension of a regular vector definition with the addition of a frequency parameter. A
T-Vector is represented by three parameters: magnitude, direction, and frequency. The frequency
components of T-Vectors can be represented by Fourier series. We call a special matrix of T-vectors is
the U-matrix.

One dimensional Spacetime in Communication Dynamics

Conventional mathematical models for atomic systems treat space and time as separate dimensions. This

assumption was expanded by Einstein’s general relativity theory by assigning separate clocks at all points
(Einstein, 1920). The Communication Dynamics model replaces a “Space + Time” formulation with the
concept of Spacetime as a single dimension of chained discrete T-Vectors. Thus, four dimensional
Spacetime becomes an emergent property of accelerated, chained discrete T-Vectors. Using the
mathematical object of T-Vectors, different scales of systems can be represented with adjustable precision.
With modified communication channels, precision can be set as precise as the smallest quantum unit—+#
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(Planck constant) and as large as any defined physical entities such as electrons, atoms, and molecules. The
model is scale-invariant and can address the cross-scale integration problem with a uniformly applicable
mathematical formulation. Fundamentally, the approach is based on the concept of using a communication
theory-based model rather than assuming the existence of space and time as separable elements. Particle
based models (i.e. Standard Theory) (Weinberg, 2004) and wave based models (i.e. Electromagnetism) can
be represented as “special cases” of the Theory of Communication Dynamics model depending on the
values of T-Vector’s frequency parameter. In this paper, the Communication Dynamics model has not been
fully explored. To demonstrate the capabilities of the model however, we apply the Communication
Dynamics Theory to the periodic table of elements, showing a communication channel representation for
ecach eclement in the periodic table. Specifically, we select the outermost electron orbital as the
communication channel. The corresponding physical properties of the orbitals such as energy and radius
can also be represented in this model. We plan to introduce other aspects of Communication Dynamics in
a series of studies. All inquiries are welcome.

2. Approach

Berge (Berge, 1973) formulated Shannon’s noisy channel as an “error content” graph. This “error” in
transmission can also be encoded as information that has transferred from (for example) a to B as shown in
Figure 2. On the far right, we can represent this transmitted information as an error content (or information
content) graph. A regular polygon in the form of an error content graph can be created using Fourier series
(Robert, 1994).

a———A a A A
b——B b B

c———C C C E B
d———-D d D

e— S F e —S3E D C

A sample “error-free” communication channel (theoretical, left), communication with error
(middle) and an error content graph (right).

Figure. 2. Generating Error Content Graphs from Communication Channels

2.1. Electron shells as communication channels

Utilizing Fourier series of polygons as T-Vectors and accounting for the quantum theoretical structure
of the periodic table, we created a channel representation of the electron shell structure of atoms. To be able
to accommodate four quantum numbers (Table 1), we introduced minor modifications to our notation. A
periodic function f(t) can be represented by complex (exponential) form of the Fourier series where:

fO= ) gel (M
k=—co
ikt | =

with |cke |ck|. The Fourier series of a regular polygon (Robert, 1994) is then given as:

ikt
fo) = Z =3 )

k=q(n)
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By replacing appropriate variables with the quantum numbers in Table 1, we produced our equation 3.

Table. 1. Quantum Numbers and Fourier Matrix Parameters

Parameters Symbol Orbital meaning Range of values

Principal quantum number n shell n>1

Azimuthal quantum number subshell (s orbital is listed as 0, p

(angular momentum) £ =0, 1, L . 0<f<n-—-1
2 3(s,p,d, ) orbital as 1 etc.)

Magnetic quantum number,

(projection of anigular me energy S'hlft (orientation of the l<me<(
momentum) m¢ =-3, -2, -1, 0, subshell's shape)

1,2,3

Atomic number A Number of protons in a nucleus ISA<118
Period Number y The row number of the periodic I<y<7

table

The following parameters are defined to represent the polygon with the Fourier series: the atomic
number A corresponds to the jump step value of the regular polygon, the azimuthal quantum number £
corresponds to the number of vertices of the regular polygon, the magnetic quantum number m; determines
the summation interval over which the Fourier series will be calculated, n € Z* is the sampling factor for
the numerical algorithms, and it determines the number of samples in t € [ty, 2 + t;]. y is the period
number (the row number of the periodic table), and n is the principal quantum number.

Since the resulting Fourier series calculation is the sum of each Fourier term at time t,, we can now
approximate the Fourier series f,(t) as a specific form of the communication channel U-matrix:

n-1 £ 2ynZei(Aa+tmot

n(t) = —_—

In this paper, we study only the most simplified scenario of the T-Vectors to generate a U-matrix to

represent the valence shells of the periodic table elements, which we could represent mathematically as:
¢ .
, Zynzel(A+€mg)t
u,(t) = a1 2 4)
mp=—¢ (H + €m{7)

2.2. Comparison with the Bohr model of the atom

Based on Bohr’s model of Hydrogen atom (Bohr, 1913), the radius of the stationary orbits can be
calculated with the following equation:

1, = na, )
The corresponding electron energy levels are expressed by equation (6):

—13.6 (eV
p o 1D
n

(6)

where ay, =0.0529 nm, which is the Bohr’s radius, 1, is electron orbital radius and n is principal quantum
number. Based on this model, the electron energy E and orbital radius 7;, have two distinctive mathematical
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relationships as functions of principle quantum number n. Bohr’s model is only successful in describing
hydrogen like atoms but has failed to describe other elements. In addition, electron orbitals are known to
have n-1 nodes, therefore, for n=3 and higher orbitals, Bohr’s radius model is insufficient to describe the
actual radial distribution properties of electron orbitals. A better way to describe electron orbital radius is
the average of electron orbital radial probability, called expectation value <r>, which is introduced from
the current quantum mechanics description of atomic orbital by Schrodinger equation by using
wavefunctions (Schrodinger 1926). Specifically, the Schrodinger equation (7) is an eigenvalue equation.
The Hamiltonian operator (F) operates on a function (¥, a wave function), and the result equals to a real
number (E, energy value) times the same function. The scalar number is called the eigenvalue, and the
function is an eigenfunction of that operator. The s orbitals (1=0) can be described using spherical polar
coordinates in the form of a radial function R, with a radial variable r and a spherical harmonic function
Y)m, of angular variables 6 and ¢ as shown in equation (8) with the assumption they are separable entities:

HY = E¥Y (7

Pnlm; = Rn,lYl,ml 3

The expectation value of the orbit radius (< r >) is used to describe the average of radial probability,
which resembles the probabilistic expected value of the result (measurement) from an experiment, can be
acquired as:

<r>= f Pnlm; * ”A‘(pn,l,mldv )
dV in spherical coordinates contains functions:

dV = r?sinfdrdfd¢ (10)

. . . . 3 .
For example, for 1s orbital, the solution from equation (9) gives <r> = %, Heavier atoms are therefore

calculated to have a smaller core orbital (1s), and when Z increases the <r> of 1s orbital becomes more
compact. Using the U-Matrix Equation (4), we can calculate a general relationship between the orbital
radius <r> and the atomic number (Wolfram Curated, 2020, see Figure 5, left). Note, as preliminary work,
we focus on the outer valence shell only, and do not attempt to calculate any additional impact of inner
shells.

Our results compare favorably with a previous computational study. Bung (Bunge et.al 1993) calculated
the <r> values based on Schrodinger equation derived computational model for elements from He up to the
fifth period (Figure 5, left). The <r> of s orbitals (1s, 2s, 3s, 4s, 5s) of these elements are also compared
with the three dimensional (3D) polygon, polygon jump steps and demonstrate a strong similarity in orbital
radius compared to the expectation value <r> defined by Quantum Mechanics (QM) (See Figure 6). Note
<r> values are converging from Rb to Xe with the increase of atomic number (Z) and the direction of
convergence points towards the jump step derived eigenvalues. The heavier the atom, the more control of
nucleus over the electron orbitals and the orbitals are thus more compact. For example, s orbitals (n=1, 2,
3,4, 5) of Rb are calculated in Wolfram Mathematica (see Table 2).

The U-Matrix formulation describes a discrete information content graph for each element; in Figure 7,
we again show this information (or error) content graph for the 5™ period elements.

The calculated expectation values and error content graphs for all 118 elements in Wolfram Mathematica
Notebook are available as an appendix (Link is available SDPS webpage www.sdpsnet.org).
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Comparison between empirical value of atomic radius (pm) and U-matrix calculated valence orbitals as the atomic
radius for the periodic table of elements. One Bohr= 52.9177pm. Examing the <s> orbital radius only, calculated
U-matrix values show a trend parallel to empiric measurements. Adding additional orbitals would be expected to
increase graph complexity and estimate precision.

Figure. 5. Empiric Values of Atomic Radius Compared to U-Matrix Calculated Valence Orbital Radius
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The U-matrix calculated expectation value <r> (bottom) compares well with QM-derived estimates (top).

Figure. 6. Comparing QM and U-Matrix Calculated s-Orbital Radius Expectation Value <r>
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Table 2: Wolfram Mathematical Calculations Generated for Rubidium for Figure 6

A=37;
t=2%Pi;
y=5;
shell = 5;
1=0
Graphics[{
Table[{
Line[{{1, r}, {10, r}}]
}
’

{r, Table[Hax[{Ahs[Re[{i‘l 2xn*n*xy*Exp[i (A+ m*1) t]
m=—1

(A/n+mx1)2

NI

2xn*n*xy*Exp[i (A+ m*1) t]
Abs | I ’ + 1, shell, 1
s[ml( 3 YRy NN e, 1, shet, 1]}

1

Axes - True, Ticks -» {None, Automatic}, AxesLabel » {"", "a0 (Bohr)"}

v
PlotRange » {{0, 10}, {0, 6}}
’

AspectRatio » 5

3. Summary and Conclusion

In this paper, we describe a communication theory inspired scale-invariant model called Communication
Dynamics. We demonstrate an application of Communication Dynamics modelling atomic radii for the
entire periodic table. In this preliminary study, we developed an initial model using a special form of the
Fourier matrix representing communication channels to describe electron shells. We implemented our
model in Wolfram Mathematica (Wolfram 2020). We computed the expectation value of the atomic radius
using our model. We considered only the outermost shell and ignored interactions with internal
shells. Under this assumption, we show favourable agreement with conventional quantum mechanical
values and empirical measurements. This model has linear computational complexity and can be scaled to
compute other properties of atoms or molecules with a reduction of computational cost with, potentially,
higher precision.

Our work seeks to embed an interpretation of the quantum that is consistent with general and special
relativity, defined by Einstein. Specifically, the Communication Dynamics approach satisfies the following
principles, laid down by Lee Smolin (Smolin 2019).

Principle 1 - Background independence: The Communication Dynamics Theory does not describe

substance in the context of a background or any reference system. All consequences arise from

consequences of initial axioms and principles utilizing T-Vector.

Principle 2 - Space and Time are Relational: The Communication Dynamics Theory represents

spacetime points as complex numbers (x + it). The field, now represented by T-Vectors, becomes

naturally a spacetime field.

Principle 3 - Causal Completeness: In the Communication Dynamics model, causality is directional

and is complete.

Principle 4 - Principle of Reciprocity: In the model, computing processes are reciprocal processes.

Any substance is in a dynamic input/output state.

Principle 5 - Identity of Indiscernibles: In the model all objects, even objects that mathematically

resemble each other, are unique due to the unique clocks embedded in each T-Vector.

More generally, Communication Dynamics is a model based on first principles, analogous to two prior
models based on first principles, the models of Newton (particle interactions) and Maxwell (wave fields).
Communication Dynamics describes an information theory-based model of Spacetime using T-Vectors.
The model represents a Universe that is frequency based, scale free, and particle agnostic. We claim without
demonstration in this paper that particles, such as protons, electrons, and atoms, are emergent observations
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that are generated from a fundamental communication system of Spacetime. We demonstrate here an initial
practical description of the relevance of our model and will illuminate the model further in future work. We
add 141-pages of Wolfram Mathematica computations as an appendix. Another work in this journal,
introducing the concept of discrete Planck-scale objects as “observers”, makes an initial attempt to generate
a hyperbolic visualization of our model and derive, from first principles, fundamental physical constants
and forces of nature. Inquiries are welcome.

For example, the communicatioﬁ channel graph of s orbitals (n=1, 2, 3, 4, 5) of Rb are calculated in Wolfram
Mathematica as shown below:

Rb

DynamicModule[[A =37,1=0,n=5,y=5}, ListLinePlot[Table[

L 2nnyExp[i (A+ml) t] L 2nnyExp[i (A+ml) t]
{Re[z ],Im[Z‘I ]},

m=-1 (%+ml)2 m=-1 (%+ml)2

7t
{t‘l 0,2m, _}]l

200
Axes -» True, PlotRange » {{-10, 10}, {-10, 10}}, AspectRatio —» 1]]

Figure. 7. Information/Error Content Graphs for 5" Period Elements, as Calculated by the U-
Matrix, and Associated Wolfram Mathematica Calculations
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