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Summary

Physics separates the study of motion into two branches based on the size of the object in motion: classical mechanics
for objects typically larger than an atom and quantum mechanics for atoms and subatomic particles. Quantum
mechanics surfaced, in part, to solve the failure of classical mechanics’ explanation of the electron and its atomic
orbital. Early attempts to explain the electron’s motion using classical methods failed because of assumptions that
the electron orbits an atomic nucleus similar to a planet orbiting the Sun.

When revisiting the structure of the proton in terms of a five-quark structure known as the pentaquark, found in
recent proton collision experiments, it is possible to model the electron’s orbital distance, ionization energy and shape
based on classical mechanics. In a branch of classical mechanics known as statics, an object is at rest where the point
of the resultant forces is equal, otherwise known as the point where the sum of forces is zero. This paper accurately
models the electron’s orbital distance in an atom based on a pentaquark structure of the proton in which the orbiting
electron is both attracted by an anti-quark and repelled by quarks in the proton.

The calculations precisely describe a single proton and electron - hydrogen. The Bohr radius is derived, the ionization
energy is calculated and the probability cloud of the electron is first explained for hydrogen. These equations are then
expanded in this paper to calculate the orbital distances for the first 20 elements from hydrogen to calcium.

Two methods were used to compare the results. The first method compares the calculated results with measured
atomic orbital distances. The second method uses ionization energies, which are more precise measurements than
distance measurements. lonization energy is a function of the electron’s distance from the nucleus. The calculated
results from both methods are charted against measured results from experiments.

Using this new model of the proton, a logical explanation is provided for the quantum jumps of an electron based on
a change in the repelling force that is modified due to the alignment of protons in a nucleus for different atomic
elements. Two sections of this paper are dedicated to the proposed proton alignment that explains various orbital
distances, energy levels, shapes and the periodic sequence seen in elements.

The atom’s structure and the electron’s strange behavior in an atomic orbital can be explained and calculated using
classical mechanics.
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1. Classical Explanation of Atomic Orbitals

For more than a century, the Bohr model has explained the atom as a collection of electrons orbiting around an
atomic nucleus, similar to planets in the solar system circling the Sun." In fact, this is why they continue to be called
“atomic orbitals”. This presumes that the electron has a specific velocity that allows it to stay in orbit, without being
pulled into the nucleus. However, this model fails to explain the quantum jumps of the electron or the probability
cloud that is found in experiments. The electron does not take a predictable path around the nucleus like the Earth
takes around the Sun. This, amongst other observations, led to a separate branch of science to predict the behavior
of subatomic particles known as quantum mechanics.” Strangely, the world of particles seems to behave under a
different set of rules for objects that are larger than an atom.

This paper provides the framework for the calculation of the electron’s position in the atom, and its associated energy
levels, using only classical mechanics. It removes the need to have a separate set of quantum rules and equations for
the electron’s behavior.

The classical explanation of the electron’s position in an atomic orbit is that it is being pushed and pulled at the same
time by both a spherical, attractive and an axial, repulsive force. The Bohr model assumes that there is only an
attractive charge in the atom’s nucleus similar to the gravitational pull of the Sun. When this assumption is revisited,
it is possible to:

1) Calculate the distances of each orbital

2) Calculate the energy levels of each orbital

3) Explain the probability cloud and behavior of the electron in an orbital
The details of the equations and their derivations to arrive at orbital distances are provided in Section 2. First, the
results are summarized in Fig, 1.1 to illustrate initial proof of this revised model of the atom. In this chart, the value

that is determined using classical equations is compared to the measured or calculated value for the first twenty
elements — hydrogen to calcium.’
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Fig 1.1 — Atomic Orbital Distances



There are some variations due to two reasons: 1) the measurement of atoms from some experiments may not be
precise, and 2) the angles of electrons were estimated and solved using Mathcad and the method begins to decline as
the number of electrons in orbit increases or the distance to the nucleus decreases. This will be further explained in
Section 2.

Fig 1.1 would not have been sufficient proof alone as it only calculated and compared the largest orbital distance for
20 elements. However, orbital distances were calculated using this classical method for all of the subshells in an atom
(s, 2s, 2p, 3s, 3p, 4s) and also for ionized elements through calcium. Since experimental evidence of orbital distances
for these subshells do not exist, they can be compared to ionization energies instead. Ionization energies depend on
an electron’s distance from the nucleus.

Section 2 provides the derivations and equations for ionization energies using the orbital distances that are calculated
using classical equations. Similar to above, the results are being presented first in this section to show the accuracy
of the classical method. In Fig. 1.2, the measured ionization energies of the first ten neutral elements are compared
to calculated results.’ The measured results are the photon energy that is required to ionize an electron in the
outermost orbital.
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Fig 1.2 — Ionization Energy of Neutral Elements

While Fig. 1.2 shows the ionization energy of the first electron (outermost orbital), the calculations can also be
performed for electrons in any orbital. Fig 1.3 shows the ionization energy of the electron in the closest orbital to
the nucleus (1s) and is compared to results from spectroscopy experiments.
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Fig 1.3 — Ionization Energy of 1s Electron of Neutral Elements (Spectroscopy). Uses Amplitude Factor Equation.

Orbital distances were also calculated for ionized elements. Because the classical explanation of atomic orbitals is
based on the interaction of each and every electron on other electrons, in addition to the nucleus, they have been
grouped into atoms with a similar electron structure. For example, Fig. 1.4 lists the ionized elements with only one
electron in orbit (1s"). This is the simplest arrangement as the only force on the electron is from the nucleus. For
helium, it is Hel+. For heavily ionized calcium, it is Ca19+. In Fig 1.4, the calculated orbital distances and ionization
energies agree with the measured results.
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Fig 1.4 — Ionization Energy of Ionized Elements with 1 Electron

Fig 1.5 shows the next simplest configuration of electrons, with two electrons in orbit (1s”). Again, the results agree,
but show slight deviation as the elements become more complex and have more protons in the nucleus.
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Fig 1.5 — Ionization Energy of Ionized Elements with 2 Electrons

Finally, in Fig. 1.6, the ionization energies for the second orbital (from 2s' to 2p°) are provided. They are shown in
summary form in this figure, but Appendix C includes the details for each of these charts. By 2p°, the electron
angle estimation begins to show further deviation, which will be explained in further detail in Section 2.
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Fig 1.6 — Ionization Energy of Ionized Elements with 3 to 10 Electrons

Twenty orbital distances were calculated using classical methods and compared to measured results. More than 150
variations of neutral and ionized atoms from hydrogen to calcium were also calculated for ionization energies using
the same method for orbital distances. The calculations agree with measured results. When there are deviations,
there is a noticeable trend that appears as elements become more complex with increasing electrons and shorter
distances to the nucleus. With greater accuracy in computer modeling of electron angles, it is expected that these
deviations should disappeat.

In addition to orbital calculations and ionization energies, an explanation is provided for orbital shapes in Section 3.
Orbital shapes are attributed to a tetrahedral nucleus structure and an arrangement of protons that cause a greater
repulsion factor when protons and spins are aligned. This same tetrahedral structure is then expanded upon in
Section 4 to explain the sequence of the Periodic Table of Elements.

The equations used to derive an electron’s distance and energy use a common set of constants that were found to
calculate a particle’s rest mass like the electron, unite the major forces, derive 19 fundamental physical constants and
derive 6 common energy and force equations in physics. They are found in papers: Particle Energy and Interaction’,
Forces’, Fundamental Physical Constants’ and Key Physics Equations and Experiments’. These constants and their notation
are found below in Section 1.1.



1.1. Energy Wave Equation Constants

Notation

The energy wave equations include notation to simplify variations of energies and wavelengths at different particle
sizes (K) and wavelength counts (n), in addition to differentiating longitudinal and transverse waves.

Notation | Meaning
K, e — electron (wave center count)
N A 1 — longitudinal wave, t — transverse wave
A, A, A, | e—electron (orbital g-factor), Ge — gravity electron (spin g-factor), T — total (angular momentum g-factor)
Fo, F g - gravitational force, m — magnetic force
Ex) Energy at particle with wave center count (K)

Table 1.1.1 — Energy Wave Equation Notation

Constants and Variables

The following are the wave constants and variables used in the energy wave equations, including a constant for the
electron that is commonly used in this paper. Of particular note is that variable n, sometimes used for orbital sequence,
has been renamed for particle shells at each wavelength from the particle core.

Symbol Definition Value (units)
Wave Constants
A Amplitude (longitudinal) 3.662796647 x 10" (m)
M Wavelength (longitudinal) 2.817940327 x 10" (m)
p Density (aether) 9.422369691 x 107 (kg/m’)
c Wave velocity (speed of light) 299,792,458 (m/s)
Variables
) Amplitude factor variable - (m’)
K Particle wave center count variable - dimensionless
n Wavelength count variable - dimensionless
Q Particle count (in a group) variable - dimensionless
Electron Constants




K. Particle wave center count - electron 10 - dimensionless
Derived Constants*

O, Outer shell multiplier — electron 2.138743820 — dimensionless
A/, Orbital g-factor /amp. factor electron 0.993630199 — dimensionless | (m’)
Ac/d¢. Spin g-factor/amp. gravity electron 0.982746784 — dimensionless | (m’)
A, Total angular momentum g-factor 0.976461436 — dimensionless

o, Fine structure constant 0.007297353 — dimensionless

O, Gravity coupling constant - electron 2.400531449 x 10 - dimensionless

Table 1.1.2 — Energy Wave Equation Constants and Variables

The derivations for the constants are:

The outer shell multiplier for the electron is a constant for readability, removing the summation from energy and

force equations since it is constant for the electron. It is the addition of spherical wave amplitude for each wavelength
shell (n).

P (n=1) 3 (1.1.1)

1 n4

S
|
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n

The three modifiers (A) are similar to the g-factors in physics for spin, orbital and total angular momentum. These
modifiers also appear in equations related to particle spin and orbitals, however the g-factor symbol is not used since
their values are different. This is due to different wave constants and equations being used.

The value of A, was adjusted slightly by 0.0000606 to match experimental data. Since Ay is derived from A, it also
required an adjustment, although slightly smaller at 0.0000255. This could be a result of the value of one or more
input variables (such as the fine structure constant, electron radius or Planck constant) being incorrect at the fifth
digit. The fine structure constant (a..) is used in the derivation in Eq. 1.1.2 as the correction factor is set against a well-
known value.

374 K (1.1.2)
A =9 =—L°¢
e e A a
l
_ _ 3,28 (1.1.3)
AGe - 6Ge - 2A1K
AT - AeAGe (1.1.4)



The electromagnetic coupling constant, better known as the fine structure constant (o), can also be derived. In this
papet, it is also used with a sub-notation “e” for the electron (a.,).

KA A%0 (1.1.5)
el e

3
ll 66’

a =
e

The gravitational coupling constant for the electron can also be derived. o, is baselined to the electromagnetic force
at the value of one, whereas some uses of this constant baseline it to the strong force with a value of one (o = 1.7 x
10™). The derivation matches known calculations as 0., = 0/ o, = 2.40 x 10,

75 (1.1.6)
el e

a = 7—
J-EAI OeéGe

Ge

The gravitational coupling constant for the proton is based on the gravitational coupling constant for the electron
(above) and the proton to electron mass ratio (1), where p = 1836.152670.

ag, = oG, () (1.1.7)



2. Orbital Distances and Energies

This section provides the derivation of classical equations to calculate the orbital distances and ionization energies
of elements from hydrogen to calcium that were graphed and compared against measured results in Section 1.

2.1. Classical Explanation of Orbital Distances

In Section 1, an introductory explanation of the electron’s orbital distance was described as a nucleus that has both
a spherical, attractive force and an axial, repulsive force. The electron is being both pushed and pulled by a proton
and the orbital is the point where the sum of the forces on the electron is zero.

This explanation requires a model of the proton that is also found in the Forces paper and is consistent with a
pentaquark model of the proton, which includes four quarks and one anti-quark. An explanation for why three
quarks are often found in proton collision experiments is provided in Forces. Here, the forces are described.

Attractive Force
In Fig 2.1.1 a proton is described with an anti-quark in the center of four tetrahedral quarks. The anti-quark has an
attractive force on a nearby electron. This is a standard Coulomb force (F,) that is spherical and decreases with the

square of distance, very similar to a positron-electron relationship which is attractive due to destructive, longitudinal
wave interference between two particles.

G Electron/Quark @ Positron/Antiquark

Fiy
Standard Coloumb force.
Decreases with the .
square of distance.
Electron

Fig 2.1.1 — Attractive force of proton and electron

Repelling Force

The tetrahedral quarks in the proton are bound by an attractive, strong force known as gluons within the proton.
The force is only attractive within the standing wave structure of the proton where quarks are placed at nodes on
standing waves. Beyond the standing wave structure, it is a repulsive force on an orbiting electron. It can be
thought of as a declining, strong force, which is axial and declines with the cube of distance. This force (F,) is
illustrated in Figure 2.1.2.



An axial wave passing through
two electrons/quarksinthe
nucleus with strong force has
wave amplitude squared
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the cube of distance. Proton Electron

Fig 2.1.2 — Repelling force between proton and electron

Bohr Radius

The orbital distance of a single proton and electron is known as the Bohr radius.” This is the orbital distance for
hydrogen. The following is the derivation.

The electron’s classical radius (r,) is used in the Force Equation from the Forces paper. It can be derived in wave
constants as follows in Eq. 2.1.1, although for simplicity r, will be used in derivations and calculations in this paper.

. = K4 2.1.1)

e el

The Forces paper also derives the Force Equation based on the electron’s energy (E.) and two particle group counts
(Q, and QQ,) at a distance r. This simplified version of the Force Equation for the electric force (Coulomb force) is
found in Eq. 2.1.2. This is the attractive force, F,.

0,0, (2.1.2)

2
r

F1 = Ee (re)

The repelling force, I, is an axial force as the wave passes through two quarks and then declines with the cube of
distance. Each quark experiences an increased wave amplitude seen in the strong force, which is the fine structure
constant (1/a,). A second ratio of the classical electron radius to distance is now added for the second quark.

E : 0,0, (r) (2.1.3)

r
2 2 e 2
a r r

Next, F,=F, because the sum of these forces is zero. This is the classical explanation of an object at rest. This is
the electron’s rest position, which is its orbital distance. Egs. 2.1.2 and 2.1.3 are set to equal.
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Fl=F,=E(r)— =
r a
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e

After solving for rin Eq. 2.1.4, it is found to be the Bohr radius (5.2918 x 10" meters)."

r (2.1.5)
r=— =52918-10" '
o,

The Bohr radius is the simplest orbital distance to calculate as it has two forces to consider due to two particles: one
electron and one proton. At the end of this section, a methodology is created for considering the force of multiple
protons and electrons in an atom to calculate various orbital distances. First, the quantum leap of the orbital must
be explained beyond the 1s orbital.

2.2. Classical Explanation of Orbital Quantum Leaps
An orbiting electron in an atom makes jumps between energy levels, known as quantum leaps or jumps.” The atom
creates a photon when an electron moves to a lower energy level and absorbs a photon when an electron moves to a

higher energy level or leaves the atom (ionization). This is described in Fig. 2.2.1.

There are two reasons for this quantized energy that will be explained in this section, both of which are related to
a proton’s spin.

- -

Fig 2.2.1 - Electron quantum orbital jumps



Protons have a similar spin as electrons. In the revised pentaquark model of the proton, there are four tetrahedral
quarks and an anti-quark in the middle. The tetrahedral quarks cancel spin (+ Y2, + V2, - V2, - '2), leaving the anti-
quark/positron in the center that is responsible for the spin. It has value + 2 or - Y.

The anti-quark/positron reflects longitudinal waves that is responsible for the electric force (Coulomb force), but its
spin also creates a second, transverse wave as illustrated in Fig, 2.2.2 in red.

3 Transverse wave due
to positronspin

Fig 2.2.2 — Proton’s spin (anti-quark/positron spin in the center)

There are two directions for spin, otherwise referred to as spin-up or spin-down in physics. Since quantum jumps
are related to the arrangement of protons in the nucleus, which is affected by their tetrahedral structure, the following
icons are used in this theory:

Spin up Spin down

Fig 2.2.3 — Proton’s icons for spin-up and spin-down showing tetrahedral quark alignment

Quantum Leap — Cause #1

The first cause of the quantum leap is a wave passing through two or more spin-aligned protons. This causes an
increase in the axial force, repelling the electron further, proportional to the square of the protons in alignment.

No Increase: Only one proton in alignment

No Increase: Two protonsin alignment, but opposite spin.
The gluons need to bealigned for the axial force.

Increase to 2s: Two same-spin protonsin alignment.
Gluonsaligned to increase therepelling force to 22 =4
times the force as a single proton.

Fig 2.2.4 — Cause #1 of Quantum Leap: Two or more spin-aligned protons



In Fig, 2.2.4, three examples are shown. First, is a wave passing through only one proton. It passes through two
quarks in the tetrahedral vertices, creating an axial, repelling force to the 1s orbital. In the second example, two
protons are in alighment, but the tetrahedral vertices of these protons are not in alignment, due to opposite spins. It
therefore repels to the 1s orbital distance. However, in the last example, two spin-aligned protons now have a wave
that passes two protons that have their axial force aligned. This forces the electron to the 2s orbital, as further
illustrated in Fig, 2.2.5.

Q;=Q,=2 Q3=1

Protons with gluon in alignment is two.
Q; and Q, are two. Q; is one (electron).

Fig 2.2.5 — Tetrahedral quark alignment of two protons causing the 2s orbital

The repelling, axial force (F,) from Eq. 2.1.3, is now revisited with the updated particle count Q, and Q,, which
represents the number of protons in alignment which is two. Reminder, Q3 is the particle count for the affected
electron, which is only one.

Ql*Qz *Q3:4

r r 0 4FE r2

F=E, 1 2|3 - ;;
¢ e’ r ar

Magnetic energy is inverse cube (1/r3).
Itis an axial force.

Fig 2.2.6 — Repulsive force of two spin-aligned protons

This becomes the common cause of various orbital with differing energies and is dependent on the structure and
arrangement of the protons in the atomic nucleus. For example, hydrogen (one proton) has an electron at the 1s
orbital in its ground state. Helium (two protons) also has an electron at the 1s orbital because there are two protons
with opposite spin. Lithium (three protons) now has two spin aligned protons, so one electron in the axial direction
of these two protons will be at the 2s orbital.



Quantum Leap — Cause #2

A second cause of the quantum leap can be attributed to an energy gain in the spin of the proton. Hydrogen, for
example, has an electron at the 1s orbital (Bohr radius) at ground state. This is shown in Fig, 2.2.7.

1 revolution
(1x)

1s

Fig 2.2.7 — Hydrogen electron at ground state (1s)

If it absorbs a photon (energy), then it affects the axial force, which in turn affects the orbital distance. For example,
if the transverse wave of a photon causes the proton’s spin to rotate at 2 revolutions per cycle (longitudinal
wavelength), then the repelling, axial force is now 2x stronger for each tetrahedral quark in alignment.

2 revolutions
(2x)

Fig 2.2.8 — Hydrogen electron energized to 2s orbital when proton spins at 2 revolutions per wavelength

The reason for the quantum jumps in this case is due to resonance. Energy gain in spin energy can cause an electron
to change orbitals or ionize, but the spin energy must resonate with the longitudinal wave energy to continue
spinning.

Spin is synchronized by longitudinal wave frequency (wave center off node is the cause for spin). It is a resonance
frequency and it needs to be an integer of a periodic function. An analogy is a carousel. The longitudinal wave
frequency must match the spinning frequency of the carousel to effectively push the horse at the right time.
Otherwise, energy passes through and is not converted to spin energy.

Fig 2.2.9 — Resonance Example: longitudinal wave passes through carousel without pushing horse if not at the right frequency



Longitudinal wave amplitude can increase and cause faster spin, but it can only be 1x, 2x, 3x, etc in integers,
because the rotation must match the periodic frequency of longitudinal waves. E.g. 2x wave amplitude is 2x
rotational spin; but 1.5x wave amplitude is still only 1x rotational spin. Thus, the electron would fall back to the 1s
orbital, vibrating into position and creating a new photon with this transverse energy as it settles back to 1s.

Fig 2.2.9 — Resonance Example: longitudinal wave pushes horse, transferring longitudinal energy to transverse energy

This explanation of spin and resonance frequency can now be modeled mathematically. First, the standard force
equation for the axial, repelling force is shown again for a proton resonating with longitudinal waves.

Single proton alignment - 1x spin

Q1=Q2=Q3=1

2
FeE (%’_e][_zr_ej[%j _ B
‘Na r)\a r)\r 2,3

e e

*Using shorthand notation for force equation

Fig 2.2.10 — Repelling force equation for proton with standard (Ix) spin

This is compared to a proton that absorbs a photon, which is transverse energy, causing the spin of the proton to
change. If the energy is sufficient to reach two revolutions per longitudinal wavelength (2x), it can now continue to

spin at that frequency. The equation is shown in Fig. 2.2.11. The fine structure (o) is the wave amplitude change
between quarks for the strong force, which is now modified to be 2x greater for each quark in axial alignment. Note

that it is the inverse of the fine structure constant that is the increase in wave amplitude or (ot./2).



Single proton alignment - 2x spin

Spin of each quark/electron has 2x amplitude (inverse of fine
structure constant is amplitude increase). The net effect is the same
as two or more protons in alignment in the nucleus.

Fig 2.2.11 — Repelling force equation for proton with 2x spin

Although the equations to arrive at the force are different, the net result is exactly the same force for both Cause
#1 and Cause #2.

This model is further proven with the Zeeman effect'' where spectral lines are different under a magnetic field on an
atom. The increased spin on particles changes the resonance frequency, thus changing the orbital distance. A
constant magnetic force is a transverse wave that either increases or decreases the proton’s spin depending on the
direction of proton’s spin relative to the magnetic spin. This causes the electron to be further from the nucleus
(when proton spin and magnetic spin are aligned) or closer to the nucleus (when proton and magnetic spin are
opposite). This is illustrated in Fig. 2.2.12.

Zeeman Effect / Off
n=3 Mg \ . r

— 2 Magnetic \ e R

1 .. field off. Spin aligned g ° ¢

%:3 [ = R
T! / \ On - : ). -
.

-1 V4 S
n=2 N Q—%
Spin not
aligned 4 K

On

Qs

Fig 2.2.12 — Proton under magnetic influence changes the orbital distance (spectral lines) known as the Zeeman Effect



2.3. Angle and Distance Rules

Orbital distances beyond hydrogen, calculated as the Bohr radius in Section 2.1, becomes more complex because of
the constructive wave interference of other electrons in the atom. The distances and angles of the other electrons are
required to compute the final orbital distance of the affected electron.

A method to calculate these angles and distances was developed and explained in this section.

Fig 2.3.1 — Complex interaction of forces on an affected electron. The distances and angles of each particle are required.

Electron Angle Rule

Because of tetrahedral alignment from the quarks in the proton, most angles are at 0° or 60° in relation to the
proton. As orbitals become more complex, they are computed as an average of these angles. The angle is in relation
to the proton because the sum of forces that is calculated in the equations is the linear direction between the atom’s
nucleus and the affected electron.

T = cos(60%) 'FI

605

F = cos(0°)-F,
A 4

Fig 2.3.2 — Electron angles in relation to the proton




The s orbitals have a common angle:

Gs = cos(60°) (2.3.1)

The p orbitals are a mix of these two angles*:

_c0s(60°) + cos(0°) (2.3.2)
P 2

There are a few exceptions that have this angle**:

_ 2c0s(60°) + cos(0°) (2.3.3)
X
3

0

* The angles are averaged across the entire solution
** When sodium and magnesinm begin building the 3s orbital, they have this angle

Electron Distance Rule

The axis between the nucleus and the electron being measured is the line where the forces will be calculated (where
the sum of the forces is zero). The attractive force (F,) and proton’s repulsive force (F,) are on this axis. Each
additional electron in the atom has a repulsive force that may be on a difference axis and its distance is computed

based on its orbital and the electron angle from the previous section.

F, and F, are from the nucleus and the radius
to the electronis:

r=ry where x = 1s, 2s, 2p, 3s, etc. !

F; and greater are from electrons that have the
contribution of their force along the axis . _ .0y, +r
s7 s 2p

measured by: — oo
— — —e

r=cos(0)r, +ry



Fig 2.3.3 — Electron distances in relation to the affected electron (being calculated for orbital distance)

Each electron affects the others and so all distances need to be solved simultaneously. Equations were arranged to
be solved with Mathcad to generate the orbital distances for each electron in an atom (illustrated in Fig. 2.3.4). This
solution provides the radius in terms of a ratio to the Bohr radius.

To do this, radii were solved using Mathcad solver with multiple
equations to resolve multiple unknown radii.

For each group of electronsin an orbit (e ) the equation expands to the right

v

2 e e e
V4 1 2 3
< _ Y + Y + Y + J +etc

2 2 2
(rx+ cos(6y1) ryl) (rx+ cos(6y2) ryz) (rx+ cos(6y3) ryS)
Unknown: ry, ry, Iy \

P A separate equationis needed for eachradius tobe solvedfor. I.e. For 3 radii, r, = 1s, 2s, 3p (3 equations)

Fig 2.3.4 — Equation format used in Mathcad to simultaneously solve electron distances in an atom

The following is the derivation of the Mathcad equations from above.

To simplify the complex Mathcad solution, the Force Equation was simplified to only the orbital radii as the
unknowns. The Bohr radius was removed from F, but is added back after the solution of radius (r) to get to meters.
Thus, the Mathcad solution provides a ratio of distance to the Bohr radius.

1) Sum of forces of one extra electron using shorthand notation from Section 2.1. Now, another electron is added
as F,.

0.0 Er O r 0.0 (2.3.1)
F =F +F =Er—2 =<1 2¢,p, 12
1 2 3 e e 2 2 r ee 9

"1 A, Ty 2 "3

2) F, is the attractive Coulomb force based on the number of protons (Z) and one electron. F, is the axial, repelling
force where Q, and Q, are the number of same-spin protons in alignment. To simplify the equation, they are set to
equal and now become Q° F; is an electron (e,) that will affect the electron considered for its orbital, from the
distance ;. F; can be repeated for other electrons with forces at other radii.



Z(WEr, QE\r (e,) (DE,r, (2-3.2)
2 T 2
"y "%, "3

3) Simplify Eq. 2.3.2 and expand r; from previous distance rule.

e
+ y

2
(rx + Cos (Gy) ry)

0*r . (2.3.3)

N

~
= N

r

3.2
a
x e

4) Temporarily remove Bohr radius (r./a’) from Eq. 2.3.3. This makes the solution easier, but the result is now a

ratio of the Bohr radius. This value (r./a’) needs to be re-added to convert to orbital distances from a ratio of the
Bohr radius to the actual orbital distance in meters.

2 e (2.3.4)
o, y

3 2
r (rx + cos (Gy) 'ry)

o [N

Note: Eq. 2.3.4 expands to the right with more electrons at same distance.

These explanations and the derivations of these equations for force will now be used in the calculations of orbital
distances in the next section.

2.4. Calculating Orbital Distances
Using the method established in the previous section, orbital distances were calculated for each electron in each orbital
for elements from hydrogen to calcium, including their ionized elements. These calculated orbital distances were
validated by two methods:

1. Comparing calculated distances against the known distance of the largest orbital radius (Fig. 1.1).

2. Comparing calculated distances against ionization energies of all orbitals, using the Transverse Energy

Equation, which requires electron distance (Fig. 1.2 to 1.6 and further in Appendix C).

In this section, the details of the calculations and how to reproduce these results are provided.

Hydrogen

A single proton and electron at the ground state is known as the Bohr radius, which was derived eatlier. Here it is
repeated as the method will need to be reproduced and translated into equations for Mathcad.



Fig 2.4.1 — Hydrogen: The attractive force and repulsive force of an electron in orbit

1) Shorthand notation for electron energy (E.) and electron classical radius (r,) in the Force Equation. These values
match the CODATA values and were detived in Particle Energy and Interaction. Although they can be represented in
wave constants, for simplified equations and readability they are expressed as single constants.

AmpK ADC 5 (2.4.1)
E = ¢ 0 r = KA
e 3 e e el
32,
2) The Force Equation for the attractive, Coulomb force using shorthand notation.
0,0, (2.4.2)
F 1= Ee (re) >
r
3) The Force Equation for the repelling, axial force using shorthand notation.
E, 0,0, () (2.4.3)
F , = — (r,
ai 2o

4) Set (1) equal to (2). E_ and r, always appear in every force and will cancel. For shorthand, they will be removed
from all future derivations beyond hydrogen.

00, E  00,() 2.4.4)
E,(r)—— = —(r)—
r a 7 r

5) Shorthand. Q, for F, is number of protons Z.



; 0,05 (2.4.5)
2
;

6) Solve for r and the solution is 5.2918 x 10" m (52.9 pm). This is the exact value of the Bohr radius.

- (2.4.6)
r= - =52918-10" 1
o

Helium

Helium adds a second electron which is also in the 1s orbital, placed in the position as shown in Fig. 2.4.2.

Fig 2.4.2 — Helium: Similar to hydrogen, but now with two protons and one extra electron

1) A new repelling, Coulomb force (F;) from the additional electron at a distance of 2r will be calculated. Q, and Q,
are one because one electron (at distance 2r) affects the one electron being calculated. Using shorthand notation
(without E, and r, which cancel).

0,0, (2.4.6)
3

F =
(2r)?

2) The attractive force (F,) is set equal to the two repelling forces (F, and Fs). This is where the sum of forces is zero
and the electron rests. F; now has two protons (Z=2). F, is the same repelling axial force of 1 proton. Q, and Q,
are 1 due to one proton in alignment. Using shorthand.



() Mr, 2.4.7)

2 +
1 2 3
r2 r3a§ (2r)2

3) Solve for r in Eq. 2.4.7. Helium 1s orbital distance is calculated to be 30.2 pm. This is compared with an
estimated radius of 31 pm from experiments.'’

4r (2.4.8)

Helium — Mathcad Solution

Beyond helium, it is too difficult to manually calculate simultaneous equations because the electrons begin to have
two or more distances beginning with lithium (Z=3). Therefore, helium is replicated now using the Mathcad equations
(Eq. 2.3.4) to show the same results as above.

T15:=.05 Z:=2 «——— =2protons
for helium

s Values

Gues

1 external

L electron at
VA 1 1 distance 2ry

T RN
T1s (T|s+"'|s) Tis

Constraints
L)

find (r,,) =0.571
/ IE

Distance: 0.571 of Bohr radius. To convert to meters, multiply by
Bohr radius. 30.2 pm.

Solver

Fig 2.4.3 — Helium: Mathcad solution of 1s orbital distance (ratio of Bohr radius)

Using the results from Mathcad (Eq. 2.4.3), the result is the same as the manual method — 30.2 pm.

r, (2.4.9)

r=05711= | = 302-10" 11

a
e



Lithium — Mathcad Solution

The equations become more complex beginning with lithium (Z=3) because it begins a new orbital (2s). Therefore,
a second equation is required to simultaneously solve the 1s and 2s orbital distances. Each new orbital requires a new
equation and appends more repulsive electrons to each equation being solved. These explanations are annotated
along with the Mathcad solution in Fig. 2.4.4.

Lithium is now Lithium

tetrahedral. Has a Z=3 protons
o — — <

theta value that T15:=.03 Togi=.2 Z:=3 for lithium

affects the
distance r —from

. 1 electron atthe 1s orbital and 1 electron at 2s orbital that have
distance rule.

1 ~ 1 4—/1’,- a force on an electron in the 1s orbital (the other 1s electron)
Sl +—
2 2 3
(r,s+95 r,s) (r,s+95 7‘25) Tis

Other than the 2s
electron being
measured, there

Q=2 (4 after being squared) which is the repelling
force to cause the electron to be atthe 2"9 orbital

Constraints

are no other 2s Z - 2 4L 0 + 4

electrons. Only 2 2 2 3
5 A e

the 2 electrons in e (ros+0,11) (Tos+8,01) 2s

1s have an affect
on it.

[0.397]
[3.272]

Solver

find <Tls ? r25> T

Fig 2.4.4 — Lithium: Mathcad solution of 1s and 2s orbital distances (ratio of Bohr radius)

The solution provides the 1s and 2s orbital distances as a ratio of the Bohr radius as 0.397 and 3.272 respectively. In
picometers, these distances are 21 pm and 173 pm. The largest distance (2s) was then plotted in the graph in Fig. 1.1.

. (2.4.10)
r=0397| 2| = 2.10-10° 1
N 2
a
e
. . (2.4.11)
r, =32712| = | = 17315-107 "
s OL2
e

Boron — Mathcad Solution

Boron is the next example, as it now begins the transition to the 2p orbital. Since this is a third distance to calculate,
a third equation is added and each equation expands to the right to include the effect of the electron at the 2p
orbital distance. Also, this is the first time that the electron angles for the p orbital (0,) needs to be considered.
Again, annotations in Fig. 2.4.5 explain the changes at Boron to construct the equations that yield the orbital
distances.



Boron
r=.01 Ty,i=.2 Topi=.1 Z:=5 <4——F Z=5protons for boron

2ss Values

Gue
N
[
-

The pattern continues to add new electrons at common
distances that have an effect on the electron being measured in

—= 1 z + = + = +L the orbital. E.g. at1s,only one electron affects it at 1s, but
Tis (7'1.«;+93 7‘1.«) ("‘13+93 7-23) (rls+9p sz) Tis Boron now has 2 in 2sand 1in 2p that affectit.
At 2p, there is only one electron and it is the one being
VA 2 1 1 measured. Sozero (0) other electrons in the orbital affect it.
Three 4 + + +
equations to T2 £ 2 IR
solve for 28 (r23+95 7“l.«) (7‘23+93'T2s) <T2.~1+ 9p""2p)
three
unknowns: Z _ 2 1 2 ] 0 1 4
Mis Fss T2p 2 2 2 2 3

T (rzp +6, 1) (sz +0,- Tay) (sz +6,. 7'2,,) T2p

[0.226]
find (ry,, sy, 7o) =! 1.643 |
[1.41 |

2

Fig 2.4.5 — Boron: Mathcad solution of 1s, 2s and 2p orbital distances (ratio of Bohr radius)

The solution provides the 1s, 2s and 2p orbital distances as a ratio of the Bohr radius as 0.226, 1.643 and 1.41
respectively. In picometers, these distances are 11.9 pm, 86.9 and 74.6 pm. The largest distance (2s) was then plotted
in the graph in Fig. 1.1.

. ; (2.4.12)
r,, = 0226 <1 = 1.1959-10"
N 2
a
e
. (2.4.13)
r, = 1643 = | = 8.6944-10~ 1
N 2
a
e
- . (2.4.14)
ry, = 141 = | = 7461410
ae

Argon — Mathcad Solution

The pattern continues for equations and electron angles. Argon, with 18 protons, now includes five orbital distances
for 1s, 2s, 2p, 3s and 3p. Mathcad now simultancously solves 5 unknowns (orbital radii) using 5 equations. The
electron angles have been color coded in Fig. 2.4.6 because there is a distinct pattern.



Argon

Notice the pattern

£ r,i=.05 Tpui=.3 Topi=-2 Py =4 Tapi=A4 Z:=18
s for electron angles.
They have been
V4 1 2 6 2 6 1
— Tt ot Tt 7+ st — color coded yellow
Tis (r1s+6;71) (T1s+6, m3) (r1s+6;, 7ay) (r1a+6, 734 (r1s+6,, 73p) Tis 3 nd purple
Zi 2 4 1 N 6 N 2 | 6 L4
2 2 2 2 2 2 3
Tas  (ro,+0,7y) (r2st+6,075,) (rast 6,73 (r2st0, 73, (rost 0, 13,)  Tos 6 6
£ Z 11 2 I 2 T 5 I 2 . 6 L4 § P
= 2| 2 2 2 2 2 3
% 7‘2}, <7‘2p+ 911 rl.\') <r2y+ 9}) - 7‘2.\') <r2p+ 9}) - 7‘211) <7‘2p+ 9_\. 7‘3.@) <7‘2])+ 9;; rilp) sz
ZiL 2 ] 2 . 6 N 1 I 6 L9

2 2 2 2
s,)

T 2 3
T'3s (r3s+6,71) (T35 +0,°75,) (r35+6,+ sz) (T340, 73,) (r3,+6 p TISp> T3s

Z 2 2 6 2 5 9
= + + - + +

2 2 2 2 2 2 3
T3p <7':xp +0, 11y (T3p+86,°75) (T3p+0,°7,) (r3p+8, T34) (r3p+6, T3p) T3p

The pattern holds true

lfg-gggll except when 3sand 4s
2 find (7, Ty Taps Ty T3p) = | 0.295 | orbitalsimmediately start
: l}g;g} filling (Na, Mg) and (K, Ca).

Fig 2.4.6 — Argon: Mathcad solution of 1s, 2s, 2p, 3s and 3p orbital distances (ratio of Bohr radius)

The complete set of Mathcad solutions for all neutral elements from hydrogen to calcium are provided in
Appendix A. The ionized elements from hydrogen to calcium were also calculated and put into the tables in
Appendix B, although their Mathcad solutions were not provided. Ionized elements simply need to change the Z
variable in the Mathcad solution to obtain the ionized element distance. For example, Lil+ uses the configuration
and Mathcad solution for He since they both have two electrons. However, the Z value is modified to be Z=3, which
is lithium.

Orbital Distances — Hydrogen to Calcium

The values of each orbital for hydrogen to calcium generated by Mathcad are summarized into Table 2.4.1. A
reminder that these orbital distance results are a ratio of Bohr radius (a, or r./a). For example, the hydrogen 1s
orbital distance is 1.00 * a, = 52.92 pm.



H ([He[Li(Be{ B/ C |/ N/O | F [Ne/Na/Mg/ Al |Si| P |S Cl Ar| K [Ca

1s 100 057 0.40 029 023 0.19 0.6 0.14 0.12 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2s 3.27 210 1.64 1.29 1.07 0.91 0.79 0.70 0.59 0.52 0.46 0.42 0.38 0.35 0.33 0.30 0.28 0.26
2p 1.41 1.14 096 0.83 0.73 0.65 0.56 0.49 0.44 0.40 0.37 0.34 0.32 0.30 0.28 0.26
3s 3.54 2.62 2.68 222 1.89 165 1.47 132 1.15 1.02
3p 1.80 157 1.40 1.26 1.15 1.06 0.95 0.87
4s 3.67 3.13

Table 2.4.1 — Orbitals Distances: Neutral Elements from Hydrogen to Calcium (ratio of Bohr radius)

The results of the largest orbital distance (the largest s subshell) for neutral elements were plotted in Fig 1.1 and
compared against measured results. The remaining orbital distances were used in ionization energy calculations to
compare against measured results in Figs. 1.2 to 1.5.

The orbital distances for ionized elements were also calculated and have been placed into tables in Appendix B.

2.5. Energy and Wave Amplitude Rules

Orbital distances can be used to calculate the photon energy required to ionize an electron as illustrated in Fig. 2.5.1.
The solutions calculated not only the distance to the largest orbital (proven on last slide), but also the inner orbitals.
To prove the distances of these orbital calculations, they are compared to ionization energies from calculated values
using the Transverse Energy Equation and ones measured with these orbital results. This equation was derived in
Particle Energy and Interaction to calculate photon (transverse wave) energy. In that paper, the equation successfully
calculates hydrogen and helium photon energies at various orbitals. Here, it will be used to calculate photon energies
for the electron ionization in neutral and ionized elements, from hydrogen to calcium.

o
o

Fig 2.5.1 — Photon absorbed by atom to ionize an electron (leaves the atom)

There are three variables in the Transverse Energy Equation, shown in Fig. 2.5.2 with its variables. Two of the
variables are related to distance (r). For ionization, the distance may be set to infinity as the electron leaves the atom.

29



The initial distance 1, is the distance calculated in Table 2.4.1. For ionized elements, these values orbital distance is

found in Appendix B.

The third variable is called the amplitude factor. This is a new variable that represents the constructive or destructive
wave interference between two particles. This section provides the methodology and rules for this energy and wave

amplitude interference.

Amplitude Factor — 1s Orbital

Transverse Energy Equation

2npKZ/1[2026

A

\‘NIH\

Infinity for ionization

Variable amplitude factor

N\

Calculated orbital distance

Fig 2.5.2 — Transverse Energy Equation with explanation of variables

The amplitude factor is a measurement of constructive or destructive wave interference. When one or more particles
are located in two groups at a single distance (r), the rule for amplitude factor is simple. The waves are added or
subtracted based on the positive or negative charge of the particle where a single proton-electron combination is one.
This is the case for electrons in the 1s orbital as there is only one distance, regardless of the number of protons in the
nucleus or electrons in orbit (although there is a maximum of two electrons in 1s). The amplitude factor rule is shown

in Fig. 2.5.3 where Z is the number of protons and e is the number of electrons.

Proton (Z)-1
Electron (e)- 1

Amplitude Factor- 1s

Protons (Z)-2

Protons (Z) -2
Electron (e)- 1

Electrons (e)-2

Fig 2.5.3 — Amplitude Factor Rule - 1s Orbital

Amplitude Factor — 1s Orbital - Amplitude Factor Equation

The pattern for the 1s orbital...

0, =7Z-e+1
ls

A pattern emerged for the 1s orbital, neutral and ionized elements, from hydrogen to calcium that made it possible
to calculate a special amplitude factor without having to know the radius. When this special amplitude factor is used,
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the Bohr radius is substituted into the Transverse Energy Equation as the initial orbital distance (r)). This equation
was given a special name Amplitude Factor Equation — 1s Orbital as it can only be used for the 1s orbital. This

equation is Eq. 2.5.1.
e -1 e e e 2 (2.5.1)
3 2 8§ 2\8 3\8

Amplitude Factor Equations — 1s to 3p

Beyond the 1s orbital, it becomes more complicated as electrons have varying distances, yet they affect each other.
However, the amplitude factor resembles the shape and structure of the orbitals (which will be addressed further in
Section 3). There is a pattern for s subshells and p subshells, and further, the p subshell is split into two parts based
on the spin of the proton 2p!'"™ (spin up) versus 2p™** (spin down).

1s (51 =Z-e+1
A
2s o 62S=Z—e+(1+r)
37* _ 1
2pli-3] Y 62p(1_3) _Z—e+§(1+r)

_ F % 1(1
2pl4-61** e =Z- -(- )
P w o T g o

3s 63S=Z—e+(1+r)

[1-3]* N\ _ 1
1P 2> Ogp1-3 = Z=et 1+

- ~

/ A\
\

3p[4-6]** b\' """""" y 631)(4—6) =Z—-e+ % (; +r)

Q
*Spin up protons; ** Spin down'protons

Table 2.5.1 — Amplitude Factor Rules by Orbital

Amplitude Factors — Hydrogen to Calcium

Using Table 2.5.1, the amplitude factors for neutral elements are calculated and placed into Table 2.5.2. The amplitude
factors can be calculated for ionized elements by modifying the number of protons (Z) or electrons () in the equations
in Table 2.5.2.



1s 1.00 1.00 1.89 2.63 3.32 4.05 478 547 620 6.94 765 843 9.15 9.87 10.56 11.36 12.10 12.93 13.64 14.42
2s 131 148 161 177 194 210 227 244 269 293 3.16 3.39 3.62 3.85 4.08 431 455 4.79
2p 0.85 054 1.02 0385 094 1.02

3s 128 138 237 245 253 261 268 276 287 29§
3p 0.78 0.82 0.86 0.65 0.69 0.72

4s 127 1.32

Amp Fac. Eq.
1s* 1.00 1.78 4.69 9.00 14.69 21.78 30.25 40.11 51.36 64.00 79.51 96.69 115.56 136.11 158.34 182.25 207.84 235.11 264.97 296.60)

Table 2.5.2 — Amplitude Factors: Neutral Elements from Hydrogen to Calcium;
1s* is calculated with Amplitude Factor Equation and uses the Bohr radius as initial orbital distance (to)

Now, using the amplitude factors for constructive and destructive wave interference (Table 2.5.2) and the orbital
distances (Table 2.4.1), the photon energy required for electron ionization can be calculated in the next section.

2.6. Calculating Ionization Energies

The results of photon ionization energies using the orbital distances calculated via classical methods were placed in
Section 1 in Figs. 1.2 to 1.5, with further details in Appendix C. In this section, example calculations are provided
with the steps to reproduce the results.

Photon energy is a transverse wave which is calculated using the Transverse Energy Equation in Eq. 2.6.1. The values
for each of the wave constants are found in Section 1.1. The three variables, as explained in Fig. 2.5.2, are the initial
distance (r,), final distance (r) and the amplitude factor (9).

2mpK A770 11 4 (2.6.1)
E=—"|--=

t
Al ror,

Transverse Energy Equation

Three examples will be provided, each using Boron.
Boron - 2p

The first example is the photon energy required to ionize an electron in the 2p subshell of Boron. Using the
Transverse Energy Equation, the final distance (1) is set to infinity as shown in Eq. 2.6.2. The initial 2p orbital
distance (r,) and the amplitude factor for Boron 2p (8pzp) come from Tables 2.4.1 and 2.5.2 respectively. The
values are shown in Eqs. 2.6.3 and 2.6.4. Note that in Eq. 2.6.4 the distance is converted to meters by multiplying
the value 1.41 by the Bohr radius, which is expressed in wave constants found in Section 1.1.

The result is a value of -1.32 x 10" joules. A negative sign in the result indicates that a photon is absorbed. To
convert from joules to megajoule per mole, to compare to measured results, it is multiplied by 6.02214179 x 10"".



(2.6.2)

742 2
o ZJ'EpKellc (Ssz (l_l]

! Al o0 "o
_ 2.6.3
6sz = 0.8546 ( )
K2/1 (2.6.4)
el
o = rsz = 141 >
a

e

E =-13210""%) (2.6.5)

After converting from joules to megajoules per mole, the calculated result is -0.80 Mj/mol. This matches the
measured result for Boron which is -.80 Mj/mol."”” Both values were charted in Fig. 1.2.

Boron —1s

A second example is provided for the ionization of the Boron 1s electron ionization from a neutral atom, from
spectroscopy results. The amplitude factor for Boron 1s subshell is used in Eq. 2.6.7. It is taken from Table 2.5.2.
The Boron 1s orbital distance in Eq. 2.6.8 is from Table 2.4.1 and multiplied by the Bohr radius to get a result in
meters.

7.2 2 2.6.6
o 231:pKe/'Llc 6315 (l _l) ( )
o A © r
l 0
5Bls = 3.319 (2.6.7)
2 (2.6.8)
el
"o = Tpis = 0.226 >
a
e
E = -320-10""7J (2.6.9)
t

After converting from joules to megajoules per mole, the calculated result is -19.3 Mj/mol. This matches the
measured result for Boron 1s spectroscopy which is -19.3 Mj/mol."*

Boron — 1s using Amplitude Factor Equation 1s Orbital



An alternative method for calculating the 1s electron ionization can be performed using the Amplitude Factor
Equation — 1s Orbital. The results for neutral atoms are found in the last row of Table 2.5.2. This method reduces
two unknown variables to one, because only the amplitude factor needs to be solved. The initial orbital distance can
be set to the Bohr radius (a,) using this method in the Transverse Energy Equation (Eq. 2.6.10). The Amplitude
Factor Equation (Eq. 2.5.1) is shown for the 1s” electron for Boron in Eq. 2.6.11. For Boron, Z=5 for the number
protons, ¢,=2 and e,=3 for the first and second orbital electrons. This method only works for the 1s electrons from
hydrogen to calcium.

73202 2.6.10
. 20pK 2,0, 11 ( )
t Al o aO
_ 40(2-1) 3 1(0) 1(0\)\? (2.6.11)
Op1s2 = (5‘5(—2 +§+5(g)+g (8)))
E =-320-10""J (2.6.12)

Again, the calculated result is -19.3 Mj/mol. This matches the measured result for Boron 1s spectroscopy which is
-19.3 Mj/mol and the alternative method from the second example. Both values are charted in Fig, 1.3.

These examples show the calculations for two different Boron orbital distances. All of the calculations in Figs. 1.2 to
1.6 and in Appendix C are calculated using the same methodology. In the case of Boron and many of the examples,
the calculations exactly match the measured results. However, there is a trend where the calculated results slowly
deviate from measured results. This occurs as the number of electrons increases in an atom or as the distance from
the nucleus to the orbital decreases (such as heavily ionized atoms). This is due to the electron angle rule which
estimates the angles for each electron and averages them over the solution. By removing these as being variable, it
reduced the Mathcad solution to have an equal number of unknowns (orbital radii) as the number of equations.
However, to be more accurate, the exact electron angles could be computer modelled and the distances and angles
solved for simultaneously with more powerful computer algorithms. This will be required to calculate photon energies
beyond calcium.



3. Orbital Shapes

Section 2 describes a method to calculate orbital distances, but it does not explain the strange shapes and probability
nature of the electron. Using the proton’s pentaquark model, these shapes can be explained based on proton
arrangement in an atomic nucleus.

First, tetrahedral numbers are revisited since the nucleus structure appears to be based upon a tetrahedral structure
based on evidence in this section and also in Section 4. Tetrahedrons are geometric 3D stability for waves in all
directions. The properties of a tetrahedron: the layer height, the number in each layer and the total number is shown
in Fig. 3.1. The important number for this section is the number in each layer. These have been mapped to subshells:

s, p,dand f.

Tetrahedron Levels

Orbital Height #in Layer Total #
s 1 1 1
S 2 3 4
p 3 6 10
d 4 10 20
f 5 15 35
4

Orbitals need to be in pairs to cancel spin, so s
orbital is “2” and f orbital is “14”.

Fig. 3.1 — Tetrahedral Numbers

3.1. Probability Cloud

The electron has a probability cloud as described in Fig. 3.1.1. It does not have a definitive line for an orbit like the
Earth revolves around the Sun.



Fig. 3.1.1 — Electron Probability Cloud 15

The electron has a probability cloud because the proton continues to spin, changing the point where the sum of the
forces is zero. The axial force repels the electron at certain geometric alignments (six possible axes in the 2
level tetrahedron). The electron continues to be pushed and pulled as the proton spins and the electron encounters
the axial force.

Fig. 3.1.2 — Electron Probability Cloud Generated by Proton Spin and Changing Axis of Repelling Force (F2)

The “probability” of an electron is seen in experiments. The electron can be in various places, yet the ionization
energy values are always exact. This is due to the fact that the attractive Coulomb force (F,) remains constant, and
the ionization energy to remove the electron from this force is therefore also constant. But the repelling force (F,)
depends on the spin of the proton and location of the electron, creating a variation in the measured result of the
electron’s distance.

3.2. S Orbital

The explanation of the transition from 1s to 2s and other orbital jumps was described previously in Section 2.2. One
of the causes is the alignment of same-spin protons in the atomic nucleus. Helium (Z=2) has two opposite spin
protons, but lithium (Z=3) is the first atomic element with two protons with the same spin. This causes one electron
to be pushed out to the 2s subshell. Beryllium has two pairs of protons now with the same spin, thus two electrons
are pushed out to the 2s subshell. The proposed nucleon structure for these elements are shown in Fig. 3.2.1.

The nucleon structure is also mapped to a VESPR molecular geometry class, because it is possible that molecules get
their shapes as an extension of how the nucleus itself is structured.'® The first four elements may be planar (2D) in
structure given the stability of 'Li and "Be which are proposed in symmetric arrangement in Fig. 3.2.1. These proposed
structures would match the known electron configurations in 1s and 2s and also the stability of the elements with
these number of protons and neutrons.



Element Nucleon Structure VESPR

1s Linear

He

Two spin-aligned protons now have their

7L| gluons (axial force) in alignment. The Trigonal
additional force repels the electron further to 1 Planar
the next “gap” where forces are equal (2s).  -.—.-. A N LS
2s 4
2s
9 .
Be Trigonal
Another spin-aligned proton Planar x2

added to Berylium and the second
creation of a 2s subshell.

A Neutron

Fig. 3.2.1 — Configuration of Protons and Neutrons for He, Li and Be

Shape
As the proton spins on three axes, it creates a spherical shape. H, He (Z=1, Z=2) have no protons with gluons that

align (differing spins) and are confined to 1s. Li, Be (Z=3, Z=4) begin to have protons that align spin and gluons;
this greater axial force pushes electrons to 2s.

Observed Shape

y

Fig. 3.2.2 — Shape of the s orbitall?

3.3. P Orbital

Beginning with boron, a 3D tetrahedral structure begins to form. It is no longer planar (2D). There are six protons
in the 2p subshell (B to Ne). Refer to Fig. 3.1. This is the 3" level of a tetrahedron. The side view of an atomic
element, based on the axis of rotation, is shown in Fig. 3.2.3. The first four protons (H to Be) are now arranged as
the first two layers of the tetrahedron.



Beginning with the 2p subshell, neutrons will be excluded from the view for simplicity to visualize the nucleus
structure. However, neutrons are assumed to continue to fill the spaces between protons.

Side View

S Orbital

4 total protons

P Orbital

6 total protons
(Z=5t0 10)

\
N Two spin-aligned protons and one opposite aligned
\ proton will cause the shape of the p orbital (explained
on next slide)

Axis of rotation

) ;‘Proton (spindown) Neutrons continue to separate protons, but only protons will be shown to simplify drawings of elements Z > 4.

Fig. 3.2.3 — Protons forming in nucleus. The p orbital has six protons to complete the third level of a tetrahedral structure.

In Fig. 3.2.3, the dashed line is the focus for why the p orbital has a different shape than the s orbital. The p orbital
appears as a dumbbell — a spherical shape like the s orbital cut in half. As the atomic nucleus spins, individual protons
also spin. There are two times duting a rotation that three protons align — 90° and 270° (below).

0° 90° 180° 270°

* 2p Two spin-aligned protons and one " 2p

Second time in rotation
opposite spin proton with gluons align

o Two spin-aligned protons —gluon where two spin-aligned
Two spin-aligned protons — briefly at90°. This forces an electron alignment continues throughout and one opposite spin
gluon alignment. to 3p. rotation except 90° and 270°. proton align gluons again

at270°.

\: Proton (spin up) S :Proton (spin down) Nucleus spin Proton spin

Fig. 3.2.4 — Two points in the proton’s spin rotation have an intersection where the axial force aligns for opposite spin protons

Shape

The p orbital is a dumbbell shape because the electron is pushed out twice during the rotation to the 3p subshell when
an opposite spin proton aligns gluons with two same-spin protons.



Top view of tetrahedron
structure and its side planes
that have the proton alignment
as the structure spins.

90° 3p
Observed Shape
- 4 4 F4
A
v vy vV

Sum of forces at the 2p
orbital distanceis not
zero, leaving a gap as the A - ‘ -

i X x X
electron is forced out at ’ p ’ p0 p'I

90°and 270°.

Fig. 3.2.5 — Dumbbell shape of p orbital due to two points in rotation where sum of forces is not at 2p distance

Proton Fill Order

Protons with spins aligned with the atomic nucleus’ spin will fill first as there is less energy required before a proton
with opposite spin is filled in the nucleus structure. Protons also fill from the center then outwards for geometric
stability. Fig. 3.2.6 shows the fill order of atomic elements from boron (B) to neon (Ne) in both the side view of the
nucleus and the bottom row (third row) which is being filled with protons.

Element Side View Bottom View (3™ Row)

Spin up protons fill
center of third row first

B tO N for geometric stability.
. —_—
(z=5t0 7) /
Spin down protons fill the
outside to complete the 31
O to Ne row of tetrahedron.
(Z=810 10) \

A Proton (spin up)

Proton (spin down)

Fig. 3.2.6 — Fill order of p orbital electrons (side view and bottom view shown)

3.4. D Ortbital

The d orbital contains 10 electrons. Again, refer to Fig. 3.1. This is the 4™ level of the tetrahedron. This is illustrated
in Fig. 3.2.7. Note that the 3s and 3p protons are not shown in this tetrahedral view, but are addressed in Section 4.



Side View

S Orbital
4 total protons —— —— |
' P Orbital
6 total protons
(z=5to0 10)

D Orbital —— W
10 total protons
(z=21to 30)

Axis of rotation
The 3s and 3p protons (Z=11to 20) are not shown here but

are illustrated in the upcoming section.

: Proton (spin up) z:_m“}Proton (spin down)

Fig. 3.2.7 — Protons forming in nucleus. The d orbital has ten protons to complete a fourth level of a tetrahedral structure.

With three spin-aligned protons, it would have a spherical shape, yet four times during the rotation it will have gluons
that align with a proton of the opposite spin to force an electron out to 4d.

0° 90° 180°

3 spin-aligned and one opposite spin proton are in alignment every 90 degrees.
Five layers affect the d orbital because 4s and 3p protons are filled before 3d... refer to the upcoming section on nucleon stacking.

A Proton (spin up) “Proton (spin down) ~ Nucleusspin Proton spin

Fig. 3.2.8 — Four points in the proton’s spin rotation have an intersection where the axial force aligns for opposite spin protons

Shape

The d orbital is a clover shape because the electron is pushed out four times during the rotation when an opposite
spin proton aligns gluons with three spin-aligned protons.



Fap- 20 Observed Shape

4d

. SFI=0

Now there are four times during the rotation
where the sum of forces is not zero at the 3d
orbital distance and the electron is forced

180°
further out.

Fig. 3.2.9 — Dumbbell shape of d otbital due to four points in rotation where sum of forces is not at 3d distance

Proton Fill Order

At Z=21, scandium (Sc) is the first element that begins a d orbital. As protons always build from the center then
outwards for stability, the first proton is placed in the center (refer to Fig. 3.2.10). In a 4™ row of a tetrahedron, this
is the first time that a unit is in the center of axis of rotation. This creates a unique shape relative to other d orbital

shapes (refer to shape highlighted in yellow).

Bottom View (4th Row)

This is the first proton in a

SC tetrahedral structure that is
(z=21) aligned with the top proton on the
B axis of rotation (z axis). Asa

result, it has a unique shape.

z

i i i i
! v’ t v’ v/ ‘ v’ t | v
Xy q_ “x ' -, Lc -, | g, -, Y d, -,

&: Proton (spin up) ':”A_:A'Proton (spin down)

Fig. 3.2.10 — Fill order of the 1st d orbital electron (bottom view shown)

The next three elements build outwards from the center, occupying the three sides of the triangle as shown below.
These now have the clover shape as there are four points in the rotation where the repelling, axial force distance

changes as shown in Fig 3.2.9. These take place on the x-y, x-z and y-z planes of the tetrahedron while it spins. This

is highlighted in yellow below.



Bottom View (4th Row)

Ti to Mn

(Z=22t0 25)

The next three spin up protons fill
the available center positions on
each tetrahedral face.

] Proton (spin up) : :}Proton (spin down)

Fig. 3.2.11 - Fill order of the 2nd to 4th d orbital electrons (bottom view shown)

The final spin up proton must be placed on one of the existing three sides. This is manganese (Mn). Since it shares
a tetrahedral face with another spin up proton (x-y), its orbital will also be in this plane but will be shifted slightly
based on the protons location as shown in Fig. 3.2.12. This is also highlighted in yellow below.

Bottom View (4th Row) Ti to M
1 TO n
(Z=22t0 25)

The last spin up proton must be

A A / placed on a tetrahedral face (x-y) with

another spin up proton.

z z z
¢ v « 2R t l v’
9 i d, S ’ d, .

: Proton (spin up)

Proton (spin down)

Fig. 3.2.12 — Fill order of the 5% d orbital electron (bottom view shown)

Finally, all of the five spin down protons complete the 4" row of a tetrahedron to complete the orbitals.



Bottom View (4th Row)

Fe to Zn Finally, the five spin down protons
complete the bottom layer of the
(=260 30) 4t row of a tetrahedron.

Fig. 3.2.13 — Fill order of the spin down orbital electrons (bottom view shown)

3.5. F Orbital

The sequence for the f block is unique. Beginning with lanthanum (Z=57) it starts a block that contains 15 elements.
Again, refer to Fig. 3.1. The 5 level of a tetrahedron has 15 units. There are 15 elements for the f block (Z=57
to 71), although an odd number affects the number of orbitals (14 / 2 = 7). It converts a proton to neutron in the
next d block to compensate, beginning with the 5d block.

Side View
S Orbital
4 total protons P Orbital
6 total protons
(Z=5to 10)
D Orbital
F Orbital 10 total protons
(z=21to 30)
15 total protons
(z=57t0 71)

The other s and p orbital protons are not shown

Axis of rotation here but are illustrated in the upcoming section.

i Proton (spin up)

Fig. 3.2.14 — Protons forming in nucleus. The f orbital has 15 protons to complete a fifth level of a tetrahedral structure.

Shape

The f orbital is more complex, but follows the same rules based on proton alignment as the p and d orbitals. When
completely full it is similar to the d orbital, but cut in half (eight lobes instead of four). It is based on the points in
the nucleus rotation where the gluons of opposite spin protons align.
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Observed Shape

z
4

2F1=0
Similar to d orbital, the shape is determined by proton (gluon) alignment and

spin, now aligning up to 8 times per rotation. The f orbital has various
configurations of alignment now affecting differing shapes.

Shape when protons filled in block

Fig. 3.2.15 — Shape of the f orbital due to eight points in rotation where sum of forces is not at 4f distance

Proton Fill Order

Similar to the d orbital, the first proton has a unique shape because it is in the center and does not have multiple
protons in alignment on the tetrahedral edge. The 5" row of a tetrahedron has three center protons now (Z=57 to
59). As a result, these three elements have different shapes than the remaining spin up protons which will be placed
on the triangle’s edge (tetrahedral face). These shapes are highlighted in yellow in Fig. 3.2.16.

Bottom View (5th Row)
Lato Pr Thethree center protons are

(2:57 to 59) filled first with a qnique shape
compared to outside protons.

Fig. 3.2.16 — Fill order of the 1st to 3t f orbital electrons (bottom view shown)

Also, similar to the d orbital, protons continue to build outwards from the center. The next three protons (Z=60 to
63) occupy the space at the edge of the triangle and tetrahedral face. Now, with many protons in alighment on this
face, it has the lobe shapes seen in the p and d orbitals, but they are cut in half due to an extra proton now matching
spin during the nucleus rotation. These shapes are highlighted in yellow below.
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Bottom View (5th Row)

Nd to Eu The next three spin up protons fill
(z=60to 63)

the available center positions on
each tetrahedral face.

<
<,

Fig. 3.2.17 — Fill order of the 4% to 6t f orbital electrons (bottom view shown)

Once again, similar to the d orbital, the last spin up proton must be placed on one of the three triangular edges. It
will share an edge with an existing x-y spin up proton, but the orbital is shifted on this plane because of the location
of the proton.

Bottom View (5th Row)

Nd to Eu

(Z=60to 63)

The last spin up proton must be
placed on a tetrahedral face with
another spin up proton.

Fig. 3.2.18 — Fill order of the 7t f orbital electron (bottom view shown)

Finally, seven spin down protons are added to the 5" row of a tetrahedral structure to complete the orbitals. There
are now 7 spin up and 7 spin down protons. This matches the orbitals seen in the f series. However, there is one
more space in the 5" row of a tetrahedron because it has 15 units. One last proton completes this row and it causes
the next d block series to have 9 elements. This is confirmed in the Periodic Table of Elements as the 5d block (Z=72
to 80) contains 9 elements. In addition, the transition from 4f to 5d and again from 5f to 6d shows a mass increase

45



that includes at least three neutrons before the next element. This means that the d block has a neutron take the
position of a proton so that it can have 9 protons in a row, otherwise it requires 10 units to complete a row (two of
the three neutrons are separation neutrons and the third occupies the proton’s position).

Bottom View (5th Row)

Gd to Lu

(Z=64to0 71)

Seven spin down protons match the
seven spin up protons to fill the orbitals.

The last remaining proton completes the
bottom layer of the 5t row of a tetrahedron
(15), however this is an odd number and
cannot be an orbital because an orbital
requires two electrons of opposite spin.

It will reduce a proton from the next d orbital
to complete by putting a neutron in place of
a proton. This is seen in the atomic mass
increases between 4f and 5d blocks and also

5fto 6d blocks (174.9 to 178.5 amu and 262
. LX X - X X to 267 amu respectively due to mass
' increases for at least three neutrons before
R e P ” L
v £ fo2.z2 [ foo:

the next proton).

Fig. 3.2.19 — Fill order of the remaining f orbital electrons (bottom view shown)

Using the same rules that enabled the calculations of orbital distances in Section 2, specifically that the proton is a
pentaquark with gluons that align to cause a repelling force, the probability nature and shape of orbitals can be logically
explained. The shapes match a nucleus structure that is based on a tetrahedral sequence. This nucleus structure is

then further validated by the atomic element sequence seen in the Periodic Table of Elements, described in more
detail in the next section.



4. Atomic Element Sequence

In the previous section, tetrahedral structures were proposed for the nucleus structure due to the geometric stability
in three-dimensional space for particles that are constantly moving to minimize wave amplitude.

In this section, this tetrahedral structure is further explained and related to the atomic element sequence from the
Periodic Table of Elements." In addition to orbital shapes, this structure also explains the transitions of s, p, d and
f blocks. The rules of nucleon stacking explain the sequence in the periodic table: 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s,
4d, 5p, 6s, 4£, 5d, 6p, 7s, 5f, 6d, 7p which are circled in red in Fig. 4.1.

O Completion of a tetrahedral row

Group — 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
| Period

1 2

! He

9 10

F Ne

17 18
cl Ar
27 29 30 31 35 36
Co Cu Zn Ga Br Kr
43 46 (| 47 (I 48 [ 49 51 55 54
Tc Pd || Ag || Cd In Sh 1 Xe
75 76 77 78 79 80 81 82 83 84 8 86
Re || Os Ir Pt || Au || Hg Pb Bl Po A Rn
107 (| 108 (( 109 (( 110 |{ 111 ||\1124| 113 115 116 117 118

Bh [[ Hs || Mt || Ds || Rg [[\Cn/|| Uut Uup Lv Uus

Lanthanidds | 27 [| 22 || 32 63 || 64 || 65 || 66 || 67 || 68 || 69 || 70 ||/ 71
La || Ce Pr Eu || Gd || Tb || Dy |[ Ho |[ Er || Tm || Yb |[ Lu
i 89 || 90 9 s Eos

f block is 15 elements but d block reduced to 9 elements to be even number.

Fig. 4.1 — Periodic Table of Elements — Annotated Marking Sequence Completion

Nucleon Stacking Rules

A set of rules was established for nucleons (protons and neutrons) stacking in an atomic nucleus to match the
sequence of the Periodic Table of Elements and also meeting the proton fill order for orbital shapes as shown in
Section 3. Each of these rules is ultimately a result of the fundamental rule that subatomic particles that form these
composite particles (nucleons) move to minimize wave amplitude.

1. Nucleons arrange from the center first, then outward.

2. A neutron may replace a proton (in the proton’s position), but not vice versa, due to proton separation
rules.

3. Each level fills the easiest proton spin first, which is the same spin direction as the atom (it takes less
energy/wave amplitude). Then, the opposite spin direction is filled.



4. Protons first form a linear structure (1s), then planar structure (2s), before building in three dimensions
in a tetrahedral structure (2p).

5. After the first complete tetrahedron (2p), the nucleons build symmetrically - a second tetrahedron.

6. Nucleons maintain a required proton to neutron (p->n) and proton to proton (p->p) separation rule.

Legend

Fig. 4.2 shows a legend of nucleon stacking in the upcoming models that will be presented. A proton is represented
in red and neutron in blue color. To reduce complexity viewing the models, only neutrons that replace a proton are
shown. In the atomic nucleus, neutrons separate protons at required distances. These separation neutrons are not
shown in the models to simplify the diagrams, although an example is provided in Fig. 4.2. A neutron can also take
a proton’s position. These protons will be shown in the models because they are required to complete a tetrahedral
row.

Only the side view of the atomic nucleus is shown in the models. Using the tetrahedron numbers from Fig,. 3.1, it is
easy to decipher how many total nucleons are in each row despite what is shown in the side view. For example, a
second-level tetrahedron shows two nucleons in a side view, yet there is a total of three nucleons (the third is
positioned behind the first two). This is also illustrated in the legend in Fig. 4.2.

. Proton Q Neutron

No Separation Neutrons Displayed: Side View Only Displayed:

Separation neutrons are not shown to reduce complexity in the A tetrahedron has the following number of units per row: 1, 3,
diagrams. Only aneutron that may replace a protonin the 6, 10, 15, etc. Only thesideview isshown in the following
proton’s standard position is shown. slides, which is not able to visually display the total number of

unitsinarow.

Example — Neutrons not shown Example — Neutrons shown
Example of third level Example of a neutron potentially taking
tetrahedron separation neutrons the position of a proton. Itis illustrated
that are not shown. These are to show completeness of tetrahedral
separation neutrons only. object.

Fig. 4.2 — Nucleon Stacking Legend

Nucleon Stacking — to d Orbital

Using the aforementioned nucleon stacking rules and legend, a model of the atomic nucleus from 1s to 3d was
established. The periodic table sequence corresponds to a completion of a row in the tetrahedral-based
structure. Argon (Ar) shows an example of completing a stable tetrahedral structure, but using a neutron in the
place of a proton. This is validated by the fact that argon (Z=18) has the same nucleon count as calcium (Z=20) as
noted by the atomic mass units (amu)."



1s 2s 2p 3s 3p 4s 3d

(Mg) (Ar) (Ca) (zn)
30 protons

(He) (Be) (Ne)

2 protons 4 protons 10 protons

12 protons 18 protons 20 protons

Two complete
tetrahedrons. Ca has
40.078 amu, same
nucleon count as Ar
(40). Protons replace
the two neutrons.

Second 3" row (p
orbital) added. Ar has
39.948 amu, same
nucleon count as Ca
(40). Two neutrons fill
the void of two
protons.

Linear structure added
to tetrahedral structure
as second tetrahedron
begins to build
symmetrically.

Trigonal
Planar

Linear Tetrahedral

Fig. 4.3 — Nucleon Stacking from 1s to 3d Atomic Elements (He to Zn)

Nucleon Stacking — to f Orbital (potential arrangement)

The nucleon stacking model was continued through the first f orbital (Hg), although the variations and possibilities
for symmetry become more complex. Thus, these models are potential arrangements that match the nucleon stacking
rules to keep symmetry and stability in the nucleus when it corresponds to the end of a block sequence.

4p 5s 4d 5p 6s Af

(Kr) (1) (Cd) (Xe) (Ba) (Hg)

36 protons 54 protons

38 protons 48 protons 56 protons 80 protons

Six protons added as p
ortbital. Kr has 83.798
amu, which is sufficient
for an additional six
neutrons that could
make another p row (not

6 protons added for
another p orbital row.

2 protons added for
another s orbital row.

10 protons added for
another d orbital row.

Linear (s orbital) row 15 protons added for the

pictured).

added. 2 protons.

Possible that a neutron
may reside in a proton’s
position in the s row.

Possible that a neutron
may reside in a proton’s
position in the s row.

Fig. 4.4 — Nucleon Stacking from 4p to 4f Atomic Elements (Kr to Hg)

f orbital row. One
proton will be removed
from the next d row to
compensate.



5. Conclusion

Atomic orbitals and the behavior of the electron in the presence of an atomic nuclei consisting of one or more
protons can be calculated and explained using classical mechanics equations for forces. Specifically, the resting
position of the electron is based on the point where the attractive and repulsive forces are equal — known as the point
where the sum of the forces is zero.

This required a different model of the proton that originated with the Forces paper that accurately modeled the strong
force. The repulsive force is the effect of two quarks in alignment, which produces a strong, axial attraction when
within standing wave distance, but is a repelling force beyond these standing waves. This repulsive force is what
causes the electron to stay at a distance from the nucleus that becomes the orbital. It also has an attractive force due
to the anti-quark (or positron) in the center of the proton. Because there are distinct points in the proton’s spin where
the electron experiences this outward, axial force, the electron is constantly being pushed and pulled by the nucleus.
This four-quark and one anti-quark configuration of the proton has recently been observed in pentaquark
experiments.

After manually calculating the distances for hydrogen and helium and establishing a set of rules and equations,
elements beyond lithium required greater computational power to simultaneously solve multiple equations and
unknowns as electrons reside in two or more orbital distances. Using Mathcad, orbital distances were solved for
elements up to the 4s subshell (calcium), which required computing six equations and six unknowns simultaneously.
Elements greater than calcium may be computed in the future with enhanced computer modeling, which will also
require better methods for determining specific electron angles.

The orbital distances were compared to measured results of atomic distances and were within reasonable accuracy
(exact measurements of atomic orbitals are difficult due to the constantly changing electron’s position). Twenty
compatisons were charted in Fig, 1.1 for orbital distances. A second method was selected to validate orbital distance
that allowed a greater number of comparisons. More than 150 comparisons of calculated ionization energies versus
measured energies were provided in Figs. 1.2 to 1.6. This method was chosen as a second validation because orbital
distance is required in the calculation of ionization energy.

A classical explanation of the electron’s orbit and a pentaquark model of the proton also provides an explanation for
the probability cloud of the electron and the shape of the orbital, including quantum leaps. These shapes and leaps
are based on the arrangement of the axial force from proton alignment. This led to modeling of the atomic nucleus
to explain the exact shape of each orbital and the sequence of the Periodic Table of Elements. The structure is linear
for the first two elements (H and He), triangular planar for the next two elements (Li and Be) and then tetrahedral for
the remaining elements beginning with boron (B).

The Particle Energy and Interaction and Forces papers also showed tetrahedral patterns for the electron and proton.
Although experiments have observed that molecules have triangular and tetrahedral structures, atomic nuclei and
subatomic particles are not observed directly and their structure must be deduced from other observations. There is
enough evidence across these papers that a single, fundamental particle builds structures from the electron (particle)
to the proton (composite particle) to an atomic nucleus (element) to molecules. All of these are based on a stable
formation of a fundamental particle that reacts to waves in all three dimensions and minimizes its wave amplitude.
This is illustrated in Fig. 5.1.
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Fig. 5.1 — Summary of Particles, Elements and Molecules Building Tetrahedral Shapes for Geometric Stability

There are several ways to further prove this model:

e Most proton collision experiments produce three quarks. Only recently, pentaquarks (four quarks and one
anti-quark) have been discovered in proton collisions. Higher energy proton collisions should yield more
observations of the pentaquark if there is sufficient energy to keep the anti-quark from immediately
annihilating with one of the quarks. This is the likely reason that most experiments observe three quarks.

e The accuracy of the ionization energies of heavily ionized elements begins to decline as the electron is closer
to the nucleus. This is due to electron angles being set to known values based on 0 or 60 degrees, so that the
only unknowns in the equations are distances. More precise modeling will require these angles to be also
calculated in the solutions instead of estimated. Itis expected that the accuracy of the heavily ionized elements
calculated in Appendix C would improve with this precise modeling of electron angles.

e Elements greater than calcium can be solved and proven using these equations with computer modeling that

is sufficient to handle the required number of unknowns and equations for elements beginning with the 3d
subshell.

Despite the opportunities described above for future proof, the logical explanation of orbitals, comparisons to nearly
200 measured results and solutions for orbital shapes and the periodic sequence should be sufficient proof to conclude
that subatomic particles and atomic elements live by the same rules as large objects that are calculated by classical
mechanics today. This approach removes the need for a second branch in physics — quantum mechanics — to explain
the subatomic world.
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Appendix

A. Mathcad Solutions for Orbital Distances

The atomic orbital distances for elements from helium (He) to calcium (Ca) are provided in this section for each of
the orbitals (1s, 2s, 2p, 3s, 3p, 4p) using Mathcad to simultaneously solve multiple equations. Hydrogen is provided
earlier in this paper as a manual calculation and does not need a complex solver, such as Mathcad.

Due to the complexity of the solution to solve multiple equations, a common constant in each of the equations is
removed (Bohr radius), so that the solution provides a ratio of the Bohr radius. To find the distance in meters,
multiply the result by the Bohr radius.

Helium
Helium

E rai=.05 Z:=2

= z 1 1

5 = +

- 2 2 3

S T1s (rls-f-r“) T1s

g find (r,,) =0.571

+
Lithium
E igi=.03 Toyi=.2 Z:=3
Z 1 1 1
= - —+

2 2 2
Tis (rls+93 Tls) (Tls+9.« TZs) T1s

Constraints

Z 2 0 4
_= - —+

2 2 3
T2s (TZs + 93 Ty .v) (TQS an 93 N r23> T2s

_[0.397]
T[3.272]

Solver

find (r,,,1y,)



Beryllium
Beryllium has a special exception in the theta value as it begins to build the 2s configuration.

Beryllium

Special exception in theta value.

| 7= .05 Ttz .2 Z:=4
>T:~
Z _ 1 N 2 L1
2 2 2 3
*':5 Tis (Tls+93 Tls) (Tls+9p TZs) T1s
o 4 = 2 - e +
2 2 2 3
Tas  (Tos+6,71)  (Tos+O5e1y)  Tas
5| [0.285]
= n ) = H
3 find (11,72 =| 5 996 |
Boron
E ri=.01 Tpyi=.2 Tyl Z:=5
sl
Z 1 2 1 1

2 2 2 2 3
Tis (r1s+65 7115) (r15+6, T35) (r,_g+9p 7‘2,,) Tis

£ 7L 2 1 1 4

= 2 7+ R st —s

5 Tas (Tos+ 6, 71) (Tos+65272y) (Tos+6p,0T2p) Tas
Z 2 2 0 4

= - - +

7 2 2 2 3
p ('r'zp + 9P 7"15) (rzp + 9P . 7'2.;) (rzp UK Bp . rzp) Top

Ty

[0.226]
find (r,,,7y,,75,) =| 1.643 |
[1.41 |

Solver



Carbon

Carbon
i ryyi=.01 Sy Topi= -2 Z:=6
>".:-.
' Z 1 2 2 1
= + + n

> = 2 2 3
Tis (P 40,7) (P t6,me) (P tB, ) Tl

Z= 2 + 1 + 2 +4

2 2 2 2
T'as (T, +0,71) (ros+ 6,21y (ros+ 0, 1‘2;,) Tas

3

Constraints

Z= 2 + 2 + 1 +4

2 2 2 2 3
Top (1‘2p +6, 1) (rzp +0,- Taq) (”'2p +6,- r2p) Top

- [0.185]
2 find (r,,,7,,,Ty,) =| 1.204 |
[1.143]
Nitrogen
Nitrogen

g 7yy:=.08 Tpyi=.3 Topi= 05 Z:=7

3

B zZ _ 1 2 3 1

2 el a T T s
Tis (r1s+6,71,) (r1s+6, 15,) (r,s+9p r2p) Tis

z _ ) B 1 N 3 L 4
B 2
Tas (ros+6, 71,)

2 2 3
(Tos+ 6,075, (ros+ 0, r2p) T2s

Constraints
»N

Z 2 2 2 4
= + + o |

2 2 2
p (Top+6p 71) (rop+6pe12) (Top+6pe1ap) Tap

[0.157]
ﬁnd <Tlsv r2sar2p) =! 1.066 !
[0.96 |

Solver



Oxygen

Ozxygen
& Pi= 05 =2 rypi=-05 Z:=8
s\
I Z 1 2 4 1
= - - +
r 2 2 2 2 r 3
s (rls+93 rls) (rls+es r2$> (rls+9p r2p> s
% VA L 2 + 1 + 4 + 4'
17 2 2 2 2 3
g T2s (7‘28 ir 03 i Is) (7‘23 an 95 B TZs) (7‘23 a5 9p ) T2p) T2s
Z - 2 + 2 + 3 + 4
2 2 2 2 3
' Top (rap+6, 11y) (rap+6p°72y) (rap+0pery) T2
i [0.137]
2| find (ry,, 725, Top) =! 0.905 |
a 0.828 |
Flourine
Flourine
| r= 05 =2 Typi=05 Z:=9
st
Z L 1 + 2 + 5 4 1
2 2 2 2 3
Tis (r15+ 65 71) (T15+ 65 7o) (r15+ 6, Tap) Tis
£ z 2 1 5
| —r + + +—
% 2 2 2 2 3
5 Tas (ros+6, 71) (Tos+64075y) (Pos+6,079p) Tas
Z 2 2 4 4
= + + 4
2 2 2 2 3
‘ T (rop+6, 71y) (Top+6,21) (Top+6,° 7'2,,) Tap
|l [0.121]
é find (ry,, 7y, 72)) =|0.786 |

j0.727]



Neon

Sodium

£

>
2

Solver

Neon
7:=.05 Toei=.2 Topi= .05 Z:=10
VA L 1 4 2 4 6 [ n 1 '
2 2 2 2 3
T1s (Tls+93 Tls) (Tls+9.§ TZS‘) (rls+9p TZp) Tis
VA 2 1 6 4
= + + I
2 2 2 2 3
T2s (T2s uw 93 Tls) (TZs <> 95 B T23) (T23 i gp T T2p) T2s
Z = 2 3 2 1 5 4 4
2 2 2 2 3
Top (rzp +6,r 1) (1'2,, +6,. Taq) (rzp +0,. rzp) T2p
[0.108]
find (ry,,7y,,7y,) = [ 0.695 |
[0.648]
Sodium
Exception - See Theta for 3S. It is .66 instead of .50.
_§ Tei=.04 Togi=.3 Topi=.05 T3qi=.4 Z:=11
sl
i z 1 2 6 1 1
= + <P alz ok
2 2 2 2 2 3
s (rls+93 Tlx) <Tls+93 TZs) (rls+9p TZp) (T|.«+9r riis) Tis
= z + ! + 6 + ! +
2 2 2 2 2 3
T2 (TZS it 95 Tlx) <T2s r 9.& o rZs) <723+ ep ) 7‘21,) (TZs+ 91‘ T.’is) T2
z - 2 + 2 + 2 + +
2 2 2 2 2 3
Tap (rop+6p 71y) (Pop+6,072) (Pop+6pe72p) (Pop+0, 734) Tap
Z L 2 4 2 4 6 4 0 4 9
2 2 2 2 2 3
T3s (135462 715 (r3s+6,012) (r3s+6,210p) (T35+ 0, 735) T3s
[0.098]
5 [0.592]
§ find (Tls1r2s)T2p1r3s> =| 0.56 |
[3.539]



Magnesium

Guess Values

Constraints

Solver

Magnesium

Exception - see Theta in 3S. Same exception as Sodium.

Ts= .03 Tosi= 2 sz:z .05 T3ei= 4 7=
2 2 2 2 2 3
Tie <1‘,s+95 r“‘) (rls+98 1‘23) (rls+9p 7”2,,) (rls+937 r:ls) s
< 2 1 6 2 4
= — : + 5 + = + ; I :
rzs <r23 -+ 95 1'13) (1‘23 + 9“ . 7"28) (TZS + 9? . rzp) (7'28 + 91. rﬂs) 1'23
2 2 2 2 2 :
"op (7‘2,, + 0” r"“) (sz i 91’ ‘ r2s) (r2p a 911 ¢ 1'2,,) (r2p +6, Tss) 2p
Z = 2 I ST 2 I L 67 L 1 | ] 9'7
2 2 2 2 2 3
Tas (rat+0:71)  (TatOpema)  (Ta+Oiemy) (ratOpm) T

[0.089]
_lo.s18]
~10.494]

| 2.623 |

find (Tls 1255 r2p . r3s)



Aluminum

Constraints

Solver

Guess Values

Aluminum

2 2 2 2 2 2
Tis (Tls+03 rls) <r|s+93 T‘Zs) (rIs+9p TZp) (rls+es rﬁs) (rls+9p T3p) T1s

Z= 2 4 1 + 6 + 2 + 1 +4

2 2 2 2 2 2 3
Tas (Tos+ 6, 71) (Pos+04+15) (Pos+6p13;) (ros+ 6, 734) (Tos+ 6, 73p) Tas

Z 2 2 5 2 1
o= + —+ —+ + +

2 2 2 2 | 2
Tap (rzp +6, 1) (rzp +0,7y,) (Tap+0p°Tap) (Top+0, 1”3,,)

Z= 2 4 2 + 6 + 1 4 1 +9

4

[ 2 3
(rzp +6, TSP) T2p

2 2 2 2 2 2 3
T3s ('r:ls + 03 h Is) (1"33 + 93 . r2s) (r&s + 93 1 r2p) (r&s + 9‘5 7'33) (rlis + ep r3p> T3s

Z 2 2 6 2 0

9

= + + + + s

2 2 2 2 2 2
T3p (1'3,, +6, Ty, (r;,p +6,- Ta,) (r3p +6,- rzp) (r3p +0, T34) (7'3,, +6, 7'3,,)

[0.082]
| 0.463 |
find (1,724 o s T340 Tap) =|0.444]
| 2.676 |
[1.797 ]

7'3p



Silicon

Silicon
_; Ti=.1 Togi=.3 Topi=-.1 T3i=.4 Typi=.4 Z:=14
b
Z - : - 2| I g - 21 Ly 2 N
2 2 2 2 2 2 3
Tis (Tls+93 Tls) (Tls+es "'23) (Tls+9p TZp) (rls+93 rils) (Tls+9p r3p) Tis
VA 2 1 6 2 2 4
= + + + + 0
2 2 2 2 2 2 3
T2s (T2s in 93 T ls) (T2s + 99 . rZs) (T2s 5 gp I TZp) (T2s il 0% Tss) (TZs = ep T3p> T2s
% VA = 2 + 2 + 5 + 2 + 2 + 4
s 2 2 2 2 2 2 3
5 T2p (7‘2p +0, 1) (rzp +6,,. Tyy) (rzp +6,,. rzp) (rgp +6,1,,) (r2p +0, r:,p) T2p
VA 2 2 6 1 2 9
= + + + + +—
2 2 2 2 2 2 3
T3s (T:ls it 93 T ls) (T&s an 99 B r23> (r(ls r 69 1 er) (r(ls + 69 7'33) (rils + ep T3p> T3s
Z _ 2 [ 2 T 6 T 2 N 1 L9
2 2 2 2 2 2 3
r3p (7'3P + 9p rls) (r3p+ 917 . 7'23) (T3p+ QP . 7‘2p> (T3p + 9}1 7'3_.;> (T:;p + 9[) T3p) 1‘3p
[0.076]
5 l0.418]
% find (715,795, T9p 7355 T3p) =|0.4031
7 |2.219]

[1.571] "



Phosphorus

Phosphorus
é Ts*= 1 Togi= 3 1"2p2= 2 T3ei= 4 1‘31,:: 4 Z:=15
5!
" yA 1 2 6 2 3 1
= + + + + +

2 2 2 2 2 2 3
Tis (1, +0,7) (r1,+0, 1) (ris+6, Tap) (ris+6, 73,) (ri+0,73)  Tis

& — # + ! ar 6 + 2 + E + =
2 2 2 2 2 2 3
Tos (r2s +6,7,,) (ros+6,07y,) (ros+ 9,, . rzp) (ros+6, 7‘33) (Tzs + Op r;,p) T2s
Z _ 2 1 2 1 5 1 2 " 3 e

_Constraints

2 2 2 2 2 2 3
Top  (rop+0,71)  (Top+0,07y)  (Topt+0,emy)  (Top+0,73) (o +6,73) T

Z _ 2 A 2 N 6 I 1 T 3 L9

2 2 2 2 2 2 3
T'3s (r3s w os rls) <r3s + 91 i rZs) (1"33 an 09 1 r2p) (Tlls + 93 1‘33) (Tils = gp r3p) T3s

Z _ 2 1 2 1 6 ]| 2 A 2 L9
2 2 2 2 2 2 3
Tsp (ryp+6, 71 (rap+6p-72) (rap+6p72p) (rap+6p 735) (r3p+6p 73p)  Top
[0.071]
2| find (75,725, 72p s T355 T3p) = | 0.369 | 1
7 | 1.804]

| 1.398



Sulfur

Constraints

Solver

_Guess Values

2 2 2
Tis (Tls+93 Tls) (Tls+93 rZS)

VA 2 1
— .

2 2
(rls r ep T2p) (Tls it 93 rl}s)

6 2
- -

2 3
(r1s+6, T3p) Tis

4 4

- -

2 2 2
Tas (ros+6, 71y (ras+6013,)

Z - 2 + 2

2 2
(ros+ 0, Tap) (ros+6, 1'33)

- ? - 2

2
(Tos+ 6, T3p) Tay

- 4 M

2 2
Tap (rap+6p 71s) (rop+6p-72)

2
)

2 2
(rop+6p72) (rop+6, 13,)

2
(rp+0p13) T

Z 2 2 6 1 4 9
= + + + + +
2 2 2 2 2 2 3
T3s (7‘35 B 93 T s) (TZSS + 99 ' TZs) (Tils ar 99 1 TZp) (TKS + 93 7‘33) (’rlls + 9p Tllp) T'3s
A 2 2 6 2 3 9
= R T S o S S A N S N A ' L
2 2 2 2 2 2 3
T (rptOpTi) (P tOpera) (T +Opemy)  (Tap+Opr)  (ryp+6,7y) T
[0.066 ] "
|0.351 |
find (7,755, Top 1 Tag0 Tap) = l0.34 |
| 1.652]
[1.26 |



Chlorine

Constraints

Solver

Guess Values

[

Chlorine

2 2 2 2 2 2 3
T1s <r|s+es Tls) (Tls+95 TZ.-;) <Tls+9p T2p) <rls+es r3s> (Tls+9p r3p) Tis

VA 2 1 6 2 5 4
= - - + + +—

2 2 2 2 2 2 3
T2s (rz.c ar os T Is) <T2s T 99 B r2§) <r2s i gp i r2p) <T2s i 93 TZ}s) (1‘23 i 9;) r3p) T2s

Z 2 2 5 2 5 4
= + + + + it

2 2 2 2 2
T2p (rap+6, 71 (rop+6,°15) (Top+6,°Tsp) (rop+0,T3)

Z= = + 2 + 6 + ! + 2 +9

2 2 2 2 2 2 3
T'3s <7‘33 I 93 T Is) (TSS 1 9-5 a T2s) (T3s + 93 1 T2p> <T35 + 93 7'33) <7'33 + 9p ’I‘3p> T3s

Z= 2 + z 2E 6 + 3 + = +g

2 3
(rzp +6, r3p) Top

2 2 2 2 2 2 3
Tap o (rapt0p 7))  (TaptOpemy)  (Tapt0,emy) (T +0,73) (ry+0,7y) T

[0.062]

|0.325 |

find (7, 7oy, Top s T35, Tap) =lo.316|
1.465 |

[1.148]



Argon

=18

S
g
Il
o
ot
=
[
Il
W
)
I
o
3
«
Il
i
=
Il
=
N
I

_Guess Values

Z 1 2 6 2 6 1
= + + + + +

2 2 2 2 2 2 3
Tis (P +6,11)  (Tis+O,1ma) (PO, 7) (P 07Ty (M0, Ty) T

VA 2 1 6 2 6 4
= - + + . +

2 2 2 2 2 2
Tos o (rag+0,7) (st O,ema)  (TatBpemy)  (TatOTy)  (Tat6,7Ty) T

3

Z 2 2 5 2 6 4

= 5 + = + = + 5 + = -+
Tap (r2p +6, 1) (Tap+6,°Tsy) (Top+6,°Tsp) (Tap+0, T3,) (rap+6, 73,) T2p

_Constraints

Z _= 2 I + 2 . + 6 . + 1 . + 6 + 9
Tas (7'33 i 05 TIS) (T3s + 93 B TZs) (Tfls + 99 1 TZp) (TZ!s + 9«; T:}s)

2 3
(r3,+ 0, 7'3,;) T'3s

Z _ 2 0 2 1 6 1 2 4 5 L9

2 2 2 2 2 2
Tap o (rap+0, 1) (TaptOpemy) (T3 tBpemy) (T3 +0,7s) (rpt0,7y) Tw

[0.058]
| 0.302 |
find <rls’ Toss 1‘2’; 3 T35 7'3],) = I 0.295 |
l1.316]
| 1.055]

_Solver



Potassium

L]

r

Guess Values

Constraints

Solver

T15:=.05 Togi=.3 Topi=.2 T3ei=.4 rypi=.4 Tygi=.T Z:=19
Z 1 2 6 2 6 1 1
T2 T ’2+"' '2+' T "2+' 0 '2'+ "”'2'+' Nl '2+'3
T1s (ris+6, r,_,) (7‘,_.3+9_.I 7‘25> (7‘13+9p rzp) (r1s+6, r&g) (r,$+9p r;,p) (r15+0, 1'4_,) Tis

Z 2 1 6 2 6 1
= + + + + + +

2 2 2 2 2 2
T2s <r2s ar 9% r]s) (”‘23 + 93 * TZS) (TZS r 9p T r2p) (”‘23 + 03 r3s) (r2s + op rilp) (”‘25 + 93 r4s) T2s

Z 2 2 5 2 6 1 4
2 . 2 + 2 + 2 + 2 + 2 + 2 + 3
T2p (rzp + 9P 1) (sz +0,. Tyq) (7‘2,, + 9p . sz) (7‘2p +6, 73,) (1’2p + Bp 1'31,) (7'2,, +6,1y) T2p
VA 2 2 6 1 6 1 9
2 i 2 + 2 + 2 + 2 + 2 + 2 + 3
T3 (r3s+6, 71 (ras+0,075) (r3s+0s072p) (r3s+6, 73,) (T35+6, T3,) (r3s+6, 74y Tas

Z 2 2 6 2 o 5 + 1 + 9

= + + ¥
2 2 2 2 2 2 2 3
Tsp (r3pt6p 1) (TaptOpema)  (PaptOpemy) (raptOp7s) (T +6,7Ty) (T +bima) T

Z 2 2 6 2 6 0 16
= 1 0 + + - —+—

2 2 2 2 2
Tas <T43 + Gp Tls) (Tlls + ep ¢ TZs) (T/is + 9p ¢ T2p) (7‘4s ol 9p T3s> (T/ts + gp T:lp) (7‘43 o 98 T/ls) Tas

[0.055]
[0.282]
l0.2751
find <T137T2357'2p7"'3.n7‘3p77'43) = | 1.147 I
10.949 |
|3.674]



Calcium

8 rL=05 rp=3 Topi=2 =4 Ty=4 my=T Z:=20
>d :
§ ZZ = . 2 + 2 2 + ‘ 2 F : 2 + ¢ : 2 + = 2 + - 3
T1s (rls+93 rls) (rls+gs TZs) (rls+9p T2p) <r|s+93 r3s> <rls+9p r3p) (rls+gs T4s) T1s
Z L 2 + 1 + 6 + 2 4 6 : " 2 + 4
2 2 2 2 2 2 2 3
T2s (TZs -+ os Tls) <T2s + 93 i r‘ls) <T23 sl op T r‘).p) (TQS T 03 rlls) <T23 + gp r3p) <T23 + 93 Tds) T2s
. Z - 2 + 2 + 5 + 2 + 6 + 2 + 4
2 2 2 2 2 2 2 3
2| "2p (rap+6, 1) (rap+6peT2s) (rap+6peT2yp) (rap+6; 73) (r2p+ 6 T3) (r2p+ 0, T4s) "2p
©
2 f
(o]
= ZZ = 2 2 + 2 2 + 6 2 + 1 2 + 6 2 + 2 2 + 93
T'3s (T3s LB 9‘5 Tls) <r33 2y 93 5 T2s) (rlls an 93 1 T2p) (riis + 93 Tlls) (T3s + ep 7‘ 3p) (Tils o 93 T/ls) T'3s
VA 2 2 6 2 5 2 9
'2_""'2+"” 2+""'2+""2'+ ""'2’+""’2+'3'
Tsp o (r3p+6, Ty (rap+0pe72y) (rap+6peT2y) (rap+6, 735) (r3p+6, T3y) (rap+0,7a) o
VA L 2 + 2 4 6 + 2 + 6 + 1 + 16
2 2 2 2 2 ' 2 2 3
Tas (T4s+0, Ty,) (ras+ 0, Ta,) (ras+ Op° r2p) (rye+ 0, 73, (Tas+6, r:,p) (r4s+0, 745) Tis
' [0.052]
i 0.264 I
3| 0.259
§ find (rls7r237r2p7r3s7r3p7r43> =| 1.023 I
! 0.866 !

[3.131]



B. Orbital Distance Tables

The distances from Appendix A, which is the calculations of the orbital distances using Mathcad and the classical
equations found in this paper, are summarized for neutral atoms and for ionized atoms containing one to ten electrons,

for each of the orbitals (1s, 2s, 2p, 3s, 4p and 4s). Calculations are provided from hydrogen (H) to calcium (Ca).

The results are a ratio of the Bohr radius. E.g. Hydrogen 1s orbital distance is 1.00 * a, = 52.92 pm

Neutral Atoms

H He Li Be B € N O F Ne Na Mg Al Si P S Cl Ar K Ca
1s 1.00 0.57 0.40 029 023 019 0.16 0.14 0.12 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05
2s 3.27 2.10 1.64 129 1.07 091 0.79 0.70 0.59 0.52 0.46 0.42 0.38 0.35 0.33 0.30 0.28 0.26)
2p 141 1.14 0.96 0.83 0.73 0.65 0.56 0.49 0.44 0.40 0.37 0.34 0.32 0.30 0.28 0.26
3s 354 262 268 222 189 165 147 132 1.15 1.02
3p 1.80 1.57 1.40 1.26 1.15 1.06 0.95 0.87
4s 3.67 3.13

Tonized Atoms — 1 to 6 Electrons

Ionized atoms are calculated in a similar method using the Mathcad solutions from Appendix B, but changing the
number of protons (Z) in the solution. For example, Cal8+ is calcium with 2 electrons. This is the same electron
configuration as helium, so the helium Mathcad solution is used, but the Z value is changed to Z=20 instead of Z=2.

Electrons
1s

Electrons
1s

Electrons
1s
2s

Electrons
1s
2s

Electrons
1s
2s
2p

Electrons
1s
2s
2p

1

Hel+
0.500

He
0571

Li2+
0.333

Lil+
0.364

Li
0.397
3.272

Be3+
0.250

Be2+
0.267

Bel+
0.286
1.746

Be
0.285
2.096

B4+
0.200

B3+
0.211

B2+
0.223
1.203

B1+
0.223
1.345

0.226
1.643
141

C5+
0.167

Ca+
0.174

C3+
0.183
0.921

C2+
0.183
0.998

C1+
0.185
1.146
1.041

0.185
1.294
1143

N6+
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Ionized Atoms — 7 to 12 Electrons
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1
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lonized Atom Distance - 7 Electron Atoms

N 01+ F2+ Ne3+ Nad+ Mg5+
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C. Ionization Energies of Atomic Elements

The ionization energies of atomic elements are calculated and compared against measured values for neutral atoms
and ionized atoms containing one to ten electrons.

Each of the graphs in this section contains:
e Calculated (column): Using the Transverse Energy Equation - amplitude factor as shown on graph and orbital
distance from tables for ionized electrons in Appendix B.
e Measured (column): Data values from NIST Atomic Spectra Database (ver. 5.2), [Online].

Available: http://physics.nist.gov/asd.

Ionization Energy - Neutral Elements

Photon Energy - First lonized Electron

2.50
2.00

1.50

1.00
- I I I
H He Li Be B C N

0.00

MJ / Mol

Calculated 131 2.30 0.52 0.93 0.80 1.08 1.40 1.35 1.69 2.07
B Measured 131 237 0.52 0.90 0.80 1.09 1.40 131 168 2.08

Ionization Energy - Ionized Elements with 1 Electron

IONIZED ATOM ENERGY - 1S1 ELECTRON

600.00
Amplitude Rule: Z-e+1
500.00
400.00
s}
2 30000
s
200.00
100.00 I I I I
0.00 —_ - | . I I I

Hel+ L2+ Be3+ B4+ C5+ N6+  O7+ 8+  Ne9+ NalO+ Mgll+ Al12+ Sil3+ P14+ S15+ Cl16+ Arl7+ K18+ Cal9+
Calculated | 5.25 '11.81 21.00 32.82 47.26 64.32 84.02 106.33 131.27 158.84 189.04 221.85/257.30 295.37 336.06 379.38 425.33 473.90 525.10
B Measured | 525 11.82 21.01 32.83 47.28 64.36 84.08 106.43 131.43 159.08 189.37 222.32/257.92 296.20 337.14 380.76 427.07 476.06 527.76



Ionization Energy - Ionized Elements with 2 Electrons

IONIZED ATOM ENERGY - 152 ELECTRON

600.00
Amplitude Rule: Z-e+1
500.00
400.00
5
=
< 300.00
=
200.00
- I I I I
T —— B N | . . l

Lil+ Be2+ B3+ C4+ N5+ 06+ 7+ Ne8+ = Na9+ Mgl0+ Al1l+  Sil2+ P13+ S14+ Cl15+ Arl6+ K17+ Cal8+
BCalculated | 7.21  14.75 24.89 | 37.72 53.22 71.23 9212 114.71 141.16 169.89 201.96 233.78 270.27 312.56 350.07 398.51 445.84 489.06
®Measured  7.30 14.85 25.03 37.83 53.27 71.33 92.04 115.38 141.36 169.99 201.27 235.20 271.79 311.05 352.99 397.61 444.88 494.85

Ionization Energy - Ionized Elements with 3 Electrons

IONIZED ATOM ENERGY - 2S1 ELECTRON

120
Amplitude Rule: Z-e+(1+1/r)
100
80
5
=
~ 60
=
40
) l I I
) e - . .

Bel+ B2+ 6+ Ne7+ Na8+ Mg9+ = All10+ & Sill+ P12+ S13+ Cl14+ Arl5+ K16+ Cal7+
M Calculated | 1.73 3.61 6.14 9.32 13.18 1769 2286 28.68 3514 4228 50.01 5842 6755 77.28 87.73 98.77 110.74
B Measured | 1.76 3.66 6.22 9.44 1333  17.87 23.07 28932 35458 42.647 50502 59.024 68.216 78.095 88.576 99.71 111.711



Ionization Energy - Ionized Elements with 4 Electrons

IONIZED ATOM ENERGY - 252 ELECTRON

120.00
Amplitude Rule: Z-e+(1+1/r)
100.00
80.00
5
=
< 6000
=
40.00
- III
000_---.l

Bl+ C2+ N3+ 4+ F5+ Ne6+ Na7+ Mg8+ Al9+ Si10+ P11+ S12+ Cl13+ = Arl4+ | K15+ | Cal6+
M Calculated  2.42 4.57 7.39 10.88 15.00 19.79 2523 3134 3810 4552 53.70 6230 71.72 § 8193 9244 10381
W Measured 2.43 462 7.48 1099 15.16 = 20.00 25496 31.653 38473 45962 54.11 | 6293 72341 82473 934 104.9

Ionization Energy - Ionized Elements with 5 Electrons

IONIZED ATOM ENERGY - 2P1 ELECTRON

100.00
90.00 i
Amplitude Rule: Z-e+1/2*(1+1/r)
80.00
70.00
—  60.00
[e]
=
2 5000
2 4000
30.00
20.00
—

Cl+ N2+ 03+ A+ Ne5+ Na6+ Mg7+ Al8+ Si9+ P10+ S11+ Cl12+ Arl3+ K14+ Cal5+
M Calculated 2.34 4.55 7.42 10.95 15.13 20.00 25.46 31.67 38.50 45.97 54.04 62.97 72.17 82.28 93.33
B Measured 2.35 4.58 7.47 11.02 15.24  20.117 25.661 31.853 38.726  46.261 5446 @ 63.363 72918 83.08 94



Ionization Energy - Ionized Elements with 6 Electrons

IONIZED ATOM ENERGY - 2P2 ELECTRON

100.00

90.00 .

Amplitude Rule: Z-e+1/2*(1+1/r)

80.00

70.00
g 60.00
< 5000
= 4000

30.00

o I I

10.00

oo . - N .

’ N1+ Ned+ Na5+ Mg6+ Al7+ Si8+ 9+ S10+ Cli1+ Arl2+ K13+
WCalculated = 2.87 5.32 843 | 1221 | 1665 = 2174 | 2749 3391 4102 4867 5699 6608 7592
EMeasured | 2.86 5.30 841 | 1218 | 16613 21711 27465 33.878 4095 = 4871 57119 66199 @ 759

Ionization Energy - Ionized Elements with 7 Electrons
IONIZED ATOM ENERGY - 2P3 ELECTRON
90
80 .
Amplitude Rule: Z-e+1/2*(1+1/r)

70

60
5
S~
s 40

30

20

—

Ol+ F2+ Ne3+ Nad+ Mg5+ Al6+ Si7+ 9+ Cl10+ Arll+ K12+
®Calculated ~ 3.43 6.13 9.49 1351 | 1821 | 2351 | 2958 = 3621 = 4356 = 5149 = 6000 = 6948
W Measured  3.39 6.05 937 | 13354 1802 | 23326 = 29287 35905 43.177  51.068  59.653  68.95

Cald+
86.00
86.31

Cal3+
79.34
78.89



Ionization Energy - Ionized Elements with 8 Electrons

IONIZED ATOM ENERGY - 2P4 ELECTRON

80
70
Amplitude Rule: Z-e+1/2*(1/2+1/r)
60
_ 50
[}
=
~ 40
=

o

30
1 11
0_--.

Ne2+ Na3+ Mg+ Al5+ Si6+ Clo+ Arl0+ K11+ Cal2+
M Calculated 356 6.42 9.94 14.13 18.97 24.45 30.69 37.49 44.92 53.17 61.75 71.20
W Measured 337 6.12 9.543 13.63 18.379 23.78 29.872 36.621 43.961 52.002 60.73 70.11
Ionization Energy - Ionized Elements with 9 Electrons
IONIZED ATOM ENERGY - 2P5 ELECTRON
70.00
60.00
Amplitude Rule: Z-e+1/2*(1/2+1/r)
50.00
S 4000
=
~
> 30.00
20.00
., == N
Nel+ Na2+ Mg3+ Ald+ Si5+ Cl8+ Ar9+ K10+ Call+
B Measured 414 7.25 11.02 15.47 2057 3267 39.77 4744 55.87 65.03
B Measured 3.95 6.9103 10.5425 14.842 19.805 25.431 31.719 386 46.186 54.49 63.41



Ionization Energy - Ionized Elements with 10 Electrons

IONIZED ATOM ENERGY - 2P6 ELECTRON

70
60
Amplitude Rule: Z-e+1/2*(1/2+1/r)
50
© 40
=
~
= 30
20
) . .
==
Nal+ Mg2+ Al3+ Sid+ P5+ S6+ Cl7+ Ar8+ K9+ Calo+
M Calculated 4.76 8.13 12.14 16.82 22.14 28.19 34.87 42.15 50.02 58.82
B Measured 4.562 7.7327 11.577 16.091 21.267 27.107 33.604 40.76 48.61 57.11

The 2p° configuration is the last atomic element configuration calculated using the estimation method because the
accuracy begins to decline.
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