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Despite its successes, quantum mechanics (QM) has remained mysterious to all who have
encountered it. Starting with Bohr and progressing into the present, the departure from intuitive,
physical reality has widened. The connection between quantum mechanics and reality is more
than just a “philosophical” issue. It reveals that quantum mechanics is not a correct or complete
theory of the physical world and that inescapable internal inconsistencies and incongruities arise
when attempts are made to treat it as a physical as opposed to a purely mathematical “tool.”
Some of these issues are discussed in a review by Lalo€ [1]. In an attempt to provide some
physical insight into atomic problems and starting with the same essential physics as Bohr of e~
moving in the Coulombic field of the proton and the wave equation as modified by Schrodinger,
a classical approach is explored which yields a model which is remarkably accurate and provides
insight into physics on the atomic level. The proverbial view deeply seated in the wave-particle
duality notion that there is no large-scale physical counterpart to the nature of the electron may
not be correct. Physical laws and intuition may be restored when dealing with the wave equation
and quantum mechanical problems. Specifically, a theory of classical quantum mechanics
(CQM) is derived from first principles that successfully applies physical laws on all scales.
Rather than use the postulated Schrédinger boundary condition: “¥Y — 0 as r — o0, which
leads to a purely mathematical model of the electron, the constraint is based on experimental
observation. Using Maxwell’s equations, the classical wave equation is solved with the
constraint that the bound n = 1-state electron cannot radiate energy. By further application of
Maxwell’s equations to electromagnetic and gravitational fields at particle production, the
Schwarzschild metric (SM) is derived from the classical wave equation which modifies general
relativity to include conservation of spacetime in addition to momentum and matter/energy. The
result gives a natural relationship between Maxwell’s equations, special relativity, and general
relativity. CQM holds over a scale of spacetime of 85 orders of magnitude—it correctly predicts
the nature of the universe from the scale of the quarks to that of the cosmos. A review is given
by Landvogt [2].
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INTRODUCTION

The hydrogen atom is the only real problem for which the Schrédinger equation can be
solved without approximations; however, it only provides three quantum numbers—not four, and
inescapable disagreements between observation and predictions arise from the later postulated
Dirac equation as well as the Schrodinger equation [3-5]. Furthermore, unlike physical laws
such as Maxwell’s equations, it is always disconcerting to those that study quantum mechanics
that both must be accepted without any underlying physical basis for fundamental observables
such as the stability of the hydrogen atom in the first place. In this instance, a circular argument
regarding definitions for parameters in the wave equation solutions and the Rydberg series of
spectral lines replaces a first-principles-based prediction of those lines [3-5]. Nevertheless, the
application of the Schrodinger equation to real problems has provided useful approximations for
physicists and chemists. Schrodinger interpreted eV * (x)W(x) as the charge-density or the
amount of charge between x and x+dx (V¥ * is the complex conjugate of ). Presumably,
then, he pictured the electron to be spread over large regions of space. After Schrodinger’s
interpretation, Max Born, who was working with scattering theory, found that this interpretation
led to inconsistencies and he replaced the Schrodinger interpretation with the probability of

finding the electron between x and x +dx as

[ W)W *(x)dx (1)

Born’s interpretation is generally accepted. Nonetheless, interpretation of the wave function is a
never-ending source of confusion and conflict. Many scientists have solved this problem by
conveniently adopting the Schrdodinger interpretation for some problems and the Born
interpretation for others. This duality allows the electron to be everywhere at one time—yet
have no volume. Alternatively, the electron can be viewed as a discrete particle that moves here
and there (from »=0 to r=00), and YWY * gives the time average of this motion. Despite its
successes, after decades of futility, QM and the intrinsic Heisenberg Uncertainty Principle have
not yielded a unified theory, are still purely mathematical, and have yet to be shown to be based
in reality [5]. Both are based on circular arguments that the electron is a point with no volume
with a vague probability wave requiring that the electron have multiple positions and energies
including negative and infinite energies simultaneously. It may be time to revisit the 75 year old
notion that fundamental particles such as the electron are one or zero dimensional and obey
different physical laws than objects comprised of fundamental particles and the even more
disturbing view that fundamental particles don’t obey physical laws—rather they obey
mathematics devoid of physical laws. Perhaps mathematics does not determine physics. It only

models physics.



The Schrodinger equation was originally postulated in 1926 as having a solution of the
one electron atom. It gives the principal energy levels of the hydrogen atom as eigenvalues of
eigenfunction solutions of the Laguerre differential equation. But, as the principal quantum
number n>>1, the eigenfunctions become nonsensical since they are sinusoidal over all space;
thus, they are nonintegrable, can not be normalized, and are infinite [6]. Despite its wide
acceptance, on deeper inspection, the Schrodinger equation solution is plagued with many
failings as well as difficulties in terms of a physical interpretation that have caused it to remain
controversial since its inception. Only the one electron atom may be solved without
approximations, but it fails to predict electron spin and leads to models with nonsensical
consequences such as negative energy states of the vacuum, infinities, and negative kinetic
energy. In addition to many predictions, which simply do not agree with observations, the
Schrodinger equation and succeeding extensions predict noncausality, nonlocality, spooky
actions at a distance or quantum telepathy, perpetual motion, and many internal inconsistencies
where contradicting statements have to be taken true simultaneously [3-5].

It was reported previously [5] that the behavior of free electrons in superfluid helium has
again forced the issue of the meaning of the wavefunction. Electrons form bubbles in superfluid
helium which reveal that the electron is real and that a physical interpretation of the
wavefunction is necessary. Furthermore, when irradiated with light of energy of about a 0.5 to
several electron volts [7], the electrons carry current at different rates as if they exist with
different sizes. It has been proposed that the behavior of free electrons in superfluid helium can
be explained in terms of the electron breaking into pieces at superfluid helium temperatures [7].
Yet, the electron has proven to be indivisible even under particle accelerator collisions at 90
GeV (LEPII). The nature of the wavefunction needs to be addressed. It is time for the physical
rather than the mathematical nature of the wavefunction to be determined.

From the time of its inception, quantum mechanics (QM) has been controversial because
its foundations are in conflict with physical laws and are internally inconsistent. Interpretations
of quantum mechanics such as hidden variables, multiple worlds, consistency rules, and
spontaneous collapse have been put forward in an attempt to base the theory in reality.
Unfortunately many theoreticians ignore the requirement that the wave function must be real and
physical in order for it to be considered a valid description of reality. For example, regarding
this issue Fuchs and Peres believe [8] “Contrary to those desires, quantum theory does not
describe physical reality. What it does is provide an algorithm for computing probabilities for
macroscopic events (“detector ticks”) that are the consequences of our experimental
interventions. This strict definition of the scope of quantum theory is the only interpretation ever

needed, whether by experimenters or theorists.”



With Penning traps, it is possible to measure transitions including those with hyperfine
levels of electrons of single ions. This case can be experimentally distinguished from statistics
over equivalent transitions in many ions. Whether many or one, the transition energies are
always identical within the resonant line width. So, probabilities have no place in describing
atomic energy levels. Moreover, quantum theory is incompatible with probability theory since it
is based on underlying unknown, but determined outcomes as discussed previously [5].

The Copenhagen interpretation provides another meaning of quantum mechanics. It
asserts that what we observe is all we can know; any speculation about what an electron, photon,
atom, or other atomic-sized entity is really or what it is doing when we are not looking is just
that—speculation. The postulate of quantum measurement asserts that the process of measuring
an observable forces it into a state of reality. In other words, reality is irrelevant until a
measurement is made. In the case of electrons in superfluid helium, the fallacy with this position
is that the “ticks” (migration times of electron bubbles) reveal that the electron is real before a
measurement is made. Furthermore, experiments on transitions on single ions such as Ba" in a
Penning trap under continuous observation demonstrate that the postulate of quantum
measurement of quantum mechanics is experimentally disproved as discussed previously [5, 9].
These issues and other such flawed philosophies and interpretations of experiments that arise
from quantum mechanics were discussed previously [3-5].

QM gives correlations with experimental data. It does not explain the mechanism for the
observed data. But, it should not be surprising that it gives good correlations given that the
constraints of internal consistency and conformance to physical laws are removed for a wave
equation with an infinite number of solutions wherein the solutions may be formulated as an
infinite series of eigenfunctions with variable parameters. There are no physical constraints on
the parameters. They may even correspond to unobservables such as virtual particles,
hyperdimensions, effective nuclear charge, polarization of the vacuum, worm holes, spooky
action at a distance, infinities, parallel universes, faster than light travel, etc. If you invoke the
constraints of internal consistency and conformance to physical laws, quantum mechanics has
never successfully solved a physical problem.

Throughout the history of quantum theory, wherever there was an advance to a new
application, it was necessary to repeat a trial-and-error experimentation to find which method of
calculation gave the right answers. Often the textbooks present only the successful procedure as
if it followed from first principles; and do not mention the actual method by which it was found.
In electromagnetic theory based on Maxwell’s equations, one deduces the computational
algorithm from the general principles. In quantum theory, the logic is just the opposite. One
chooses the principle to fit the empirically successful algorithm. For example, we know that it

required a great deal of art and tact over decades of effort to get correct predictions out of



Quantum Electrodynamics (QED). For the right experimental numbers to emerge, one must do
the calculation (i.e. subtract off the infinities) in one particular way and not in some other way
that appears in principle equally valid. There is a corollary, noted by Kallen: from an
inconsistent theory, any result may be derived.

Reanalysis of old experiments and many new experiments including electrons in
superfluid helium challenge the Schrodinger equation predictions. Many noted physicists
rejected quantum mechanics. Feynman also attempted to use first principles including
Maxwell’s Equations to discover new physics to replace quantum mechanics [10]. Other great
physicists of the 20th century searched. “Einstein [...] insisted [...] that a more detailed, wholly
deterministic theory must underlie the vagaries of quantum mechanics” [11]. He felt that
scientists were misinterpreting the data. These issues and the results of many experiments such
as the wave-particle duality, the Lamb shift, anomalous magnetic moment of the electron,
transition and decay lifetimes, experiments invoking interpretations of spooky action at a
distance such as the Aspect experiment, entanglement, and double-slit-type experiments are
shown to be absolutely predictable and physical in the context of a theory of classical quantum
mechanics (CQM) derived from first principles [3-5]. Using the classical wave equation with the
constraint of nonradiation based on Maxwell’s equations, CQM gives closed form physical
solutions for the electron in atoms, the free electron, and the free electron in superfluid helium
which match the observations without requiring that the electron is divisible. Moreover,
unification of atomic and large scale physics the ultimate objective of natural theory is enabled.
CQM holds over a scale of spacetime of 85 orders of magnitude—it correctly predicts the nature

of the universe from the scale of the quarks to that of the cosmos.

CLASSICAL QUANTUM THEORY OF THE ATOM BASED ON MAXWELL’S
EQUATIONS THAT HOLDS OVER ALL SCALES

In this paper, the old view that the electron is a zero or one-dimensional point in an all-
space probability wave function W(x) is not taken for granted. The theory of classical quantum
mechanics (CQM), derived from first principles, must successfully and consistently apply
physical laws on all scales [3-5]. Historically, the point at which QM broke with classical laws
can be traced to the issue of nonradiation of the one electron atom that was addressed by Bohr
with a postulate of stable orbits in defiance of the physics represented by Maxwell’s equations
[3-5]. Later physics was replaced by “pure mathematics” based on the notion of the inexplicable
wave-particle duality nature of electrons which lead to the Schrédinger equation wherein the
consequences of radiation predicted by Maxwell’s equations was ignored. Ironically, both Bohr
and Schrodinger used the electrostatic Coulomb potential of Maxwell’s equations, but

abandoned the electrodynamic laws. Physical laws may indeed be the root of the observations



thought to be “purely quantum mechanical”, and it may have been a mistake to make the
assumption that Maxwell’s electrodynamic equations must be rejected at the atomic level. Thus,
in the present approach, the classical wave equation is solved with the constraint that a bound
n = 1-state electron cannot radiate energy.

Thus, herein, derivations consider the electrodynamic effects of moving charges as well
as the Coulomb potential, and the search is for a solution representative of the electron wherein
there is acceleration of charge motion without radiation. The mathematical formulation for zero
radiation based on Maxwell’s equations follows from a derivation by Haus [12]. The function
that describes the motion of the electron must not possess spacetime Fourier components that are
synchronous with waves traveling at the speed of light. Similarly, nonradiation is demonstrated
based on the electron’s electromagnetic fields and the Poynting power vector.

In this paper, a summary of the results of CQM [3, 13-14] is presented. (The details of
the derivations are given in Ref. [3].) Specifically, CQM gives closed form solutions for the
atom including the stability of the n =1 state and the instability of the excited states, the
equation of the photon and electron in excited states, the equation of the free electron, and
photon which predict the wave particle duality behavior of particles and light. The current and
charge density functions of the electron may be directly physically interpreted. For example,
spin angular momentum results from the motion of negatively charged mass moving
systematically, and the equation for angular momentum, r x p, can be applied directly to the
wave function (a current density function) that describes the electron. The magnetic moment of
a Bohr magneton, Stern Gerlach experiment, g factor, Lamb shift, , resonant line width and
shape, selection rules, correspondence principle, wave particle duality, excited states, reduced
mass, rotational energies, and momenta, orbital and spin splitting, spin-orbital coupling (fine
structure), Knight shift, and spin-nuclear coupling (hyperfine structure), muonium hyperfine
structure interval, ionization energies of two electron atoms, elastic electron scattering from
helium atoms, and the nature of the chemical bond are derived in closed form equations based on
Maxwell’s equations. The calculations agree with experimental observations.

For any kind of wave advancing with limiting velocity and capable of transmitting
signals, the equation of front propagation is the same as the equation for the front of a light
wave. By applying this condition to electromagnetic and gravitational fields at particle
production, the Schwarzschild metric (SM) is derived from the classical wave equation which
modifies general relativity to include conservation of spacetime as a consequence of Eq. (183)
(See Ref. [3], Chp. 23 and footnote 7 of Chp. 23), in addition to momentum and matter/energy.
The result gives a natural relationship between Maxwell’s equations, special relativity, and
general relativity. It gives gravitation from the atom to the cosmos. The universe is time

harmonically oscillatory in matter energy and spacetime expansion and contraction with a



minimum radius that is the gravitational radius. In closed form equations with fundamental
constants only, CQM gives the deflection of light by stars, the precession of the perihelion of
Mercury, the particle masses, the Hubble constant, the age of the universe, the observed
acceleration of the expansion, the power of the universe, the power spectrum of the universe, the
microwave background temperature, the uniformity of the microwave background radiation at
2.7 K with the microkelvin spatial variation observed by the DASI, the observed violation of the
GZK cutoff, the mass density, the large scale structure of the universe, and the identity of dark
matter which matches the criteria for the structure of galaxies. In a special case wherein the
gravitational potential energy density of a blackhole equals that of the Planck mass, matter
converts to energy and spacetime expands with the release of a gamma ray burst. The singularity

in the SM is eliminated.

ONE-ELECTRON ATOMS

One-electron atoms include the hydrogen atom, He", Li’*, Be™*

, and so on. The mass-
energy and angular momentum of the electron are constant; this requires that the equation of

motion of the electron be temporally and spatially harmonic. Thus, the classical wave equation

applies and
[ 18]
Vo—— ,0(7", 05¢7t) =0 (2)
v élzj

where po(r, 6, ¢,t) is the time dependent charge density function of the electron in time and
space. In general, the wave equation has an infinite number of solutions. To arrive at the
solution which represents the electron, a suitable boundary condition must be imposed. It is well
known from experiments that each single atomic electron of a given isotope radiates to the same
stable state. Thus, the physical boundary condition of nonradiation of the bound electron was
imposed on the solution of the wave equation for the time dependent charge density function of
the electron [3]. The condition for radiation by a moving point charge given by Haus [12] is that
its spacetime Fourier transform does possess components that are synchronous with waves
traveling at the speed of light. Conversely, it is proposed that the condition for nonradiation by

an ensemble of moving point charges that comprises a current density function is

For non-radiative states, the current-density function must NOT possess spacetime Fourier

components that are synchronous with waves traveling at the speed of light.

The time, radial, and angular solutions of the wave equation are separable. The motion is time
harmonic with frequency @,. A constant angular function is a solution to the wave equation.

Solutions of the Schrodinger wave equation comprising a radial function radiate according to



Maxwell’s equation as shown previously by application of Haus’ condition [3]. In fact, it was
found that any function which permitted radial motion gave rise to radiation. A radial function
which does satisfy the boundary condition is a radial delta function

)= 80-r,) G)
This function defines a constant charge density on a spherical shell where r, = nr;, wherein n is
an integer in an excited state as given in the Excited States section, and Eq. (2) becomes the two-
dimensional wave equation plus time with separable time and angular functions. Given time
harmonic motion and a radial delta function, the relationship between an allowed radius and the
electron wavelength is given by

2ar = A @)
where the subscript n is determined during photon absorption as given by Eq. (83). Using the

observed de Broglie relationship for the electron mass where the coordinates are spherical,

h h
A, =—= )
pn mevn
and the magnitude of the velocity for every point on the orbitsphere is
S (6)
m@ rl’l

The sum of the |Li|, the magnitude of the angular momentum of each infinitesimal point of the

orbitsphere of mass m,, must be constant. The constant is 7.
Z|L1| = er X mivl = mern

Thus, an electron is a spinning, two-dimensional spherical surface (zero thickness 1), called an

h
—_——— h (7)
electron orbitsphere, that can exist in a bound state at only specified distances from the nucleus
as shown in Figure 1. The corresponding current function shown in Figure 2 which gives rise to
the phenomenon of spin is derived in the “Spin Function” section. (See the Appendix of this
paper and the Orbitsphere Equation of Motion for /= 0 of Ref. [3] at Chp. 1.)

Nonconstant functions are also solutions for the angular functions. To be a harmonic

solution of the wave equation in spherical coordinates, these angular functions must be spherical
harmonic functions [15]. A zero of the spacetime Fourier transform of the product function of

I The orbitsphere has zero thickness, but in order that the speed of light is a constant maximum in any frame
including that of the gravitational field that propagates out as a light-wave front at particle production, it gives rise
to a spacetime dilation equal to 27 times the Newtonian gravitational or Schwarzschild radius

2Gm _
r,=—>=13525X10 " m according to Egs. (178) and (202). This corresponds to a spacetime dilation of
c
8.4980 X 10~ m or 2.8346 X107 s. Although the orbitsphere does not occupy space in the third spatial
dimension, its mass discontinuity effectively “displaces” spacetime wherein the spacetime dilation can be
considered a “thickness” associated with its gravitational field.




two spherical harmonic angular functions, a time harmonic function, and an unknown radial
function is sought. The solution for the radial function which satisfies the boundary condition is
also a delta function given by Eq. (3). Thus, bound electrons are described by a charge-density
(mass-density) function which is the product of a radial delta function, two angular functions

(spherical harmonic functions), and a time harmonic function.
1
P(Fﬁ%t)=f(F)A(9,¢J)=75(F—V,1)A(49,¢,t); A(0,9,1) =Y(0,p)k(2) (8)

In these cases, the spherical harmonic functions correspond to a traveling charge density wave
confined to the spherical shell which gives rise to the phenomenon of orbital angular momentum.
The orbital functions which modulate the constant “spin” function shown graphically in Figure 3

are given in the “Angular Functions™ section.

SPIN FUNCTION

The orbitsphere spin function comprises a constant charge (current) density function with
moving charge confined to a two-dimensional spherical shell. The current pattern of the
orbitsphere spin function comprises an infinite series of correlated orthogonal great circle current
loops wherein each point charge (current) density element moves time harmonically with

constant angular velocity
n

2
m ern

w, =

)

The uniform current density function YOO((,/ﬁ, 0), the orbitsphere equation of motion of the

electron (Egs. (14-15)), corresponding to the constant charge function of the orbitsphere that
gives rise to the spin of the electron is generated from a basis set current-vector field defined as
the orbitsphere current-vector field (“orbitsphere-cvf”). This in turn is generated over the
surface by two complementary steps of an infinite series of nested rotations of two orthogonal
great circle current loops where the coordinate axes rotate with the two orthogonal great circles
that serve as a basis set. The algorithm to generate the current density function rotates the great
circles and the corresponding x'y'z' coordinates relative to the xyz frame. Each infinitesimal
rotation of the infinite series is about the new i'-axis and new j'-axis which results from the
preceding such rotation. Each element of the current density function is obtained with each
conjugate set of rotations. Due to the symmetry properties of the angular-momentum
components and the corresponding current of the orbitsphere-cvf, the uniform current
distribution having the same angular momentum components as that of the orbitsphere-cvf is
obtained by convolving the orbitsphere-cvf about its resultant angular momentum axis.

For Step One, the current density elements move counter clockwise on the great circle in

the y'z'-plane and move clockwise on the great circle in the x'z'-plane. The great circles are



rotated by an infinitesimal angle tAe«, (a positive rotation around the x'-axis or a negative
rotation about the z'-axis for Steps One and Two, respectively) and then by A« (a positive

rotation around the new y'-axis or a positive rotation about the new x'-axis for Steps One and
Two, respectively). The coordinates of each point on each rotated great circle (x'y',z') is
expressed in terms of the first (X,y,z) coordinates by the following transforms where clockwise

rotations and motions are defined as positive looking along the corresponding axis:

Step One
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Step Two

:
L0 0

[y 1=0 cos(Aax) sin(Aax)

cos(AaZ) sin(AaZ) 0 1| 7
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- (11)
where the angular sum is |im Z |Aal.,,j, :%7[.

The orbitsphere is given by n reiterations of Egs. (10) and (11) for each point on each of
the two orthogonal great circles during each of Steps One and Two. The output given by the

non-primed coordinates is the input of the next iteration corresponding to each successive nested
rotation by the infinitesimal angle £A¢, or +Ac«; where the magnitude of the angular sum of

the n rotations about each of the i'-axis and the j'-axis is 77[ Half of the orbitsphere is

generated during each of Steps One and Two.
Following Step Two, in order to match the boundary condition that the magnitude of the
velocity at any given point on the surface is given by Eq. (6), the output half of the orbitsphere is

rotated clockwise by an angle of 72[ about the z-axis. Using Eq. (11) with Ae, :i: and

Aa, =0 gives the rotation. Then, the one half of the orbitsphere generated from Step One is
superimposed with the complementary half obtained from Step Two following its rotation about

the z-axis of 72[ to give Y, 00 (@, 9), the orbitsphere equation of motion of the electron.

The current pattern of the orbitsphere generated by the nested rotations of the orthogonal
great circle current loops is a continuous and total coverage of the spherical surface, but it is

shown as a visual representation using 6 degree increments of the infinitesimal angular variable
tAq, and £Aq; of Egs. (10) and (11) from the perspective of the z-axis in Figure 2. In each

case, the complete orbitsphere current pattern corresponds all the orthogonal-great-circle

11



elements which are generated by the rotation of the basis-set according to Eqgs. (10) and (11)
where £Aa; and *Aa; approach zero and the summation of the infinitesimal angular rotations

. . . N2
of +Ae, and £Aaq; about the successive i'-axes and j'-axes is 772' for each Step. The current

pattern gives rise to the phenomenon corresponding to the spin quantum number.

The resultant angular momentum projections of L, =2 and L, =5 meet the boundary

condition for the unique current having an angular velocity magnitude at each point on the
surface given by Eq. (6) and give rise to the Stern Gerlach experiment as shown in Ref. [3]. The
angular momentum is constant with respect to rotation of the orbitsphere-cvf about the axis of
the resultant angular momentum vector, L ; thus it is constant about each of the principal axes.
Furthermore, the orbitsphere-cvf has the origin as an inversion center (C,) as shown in the
previous figures. Due to this symmetry feature of the currents as well as the rotational symmetry
of the angular momentum components (C, ), the convolution of the orbitsphere-cvf with a sphere
aligned on the L -axis over the spherical-coordinate angular span ¢ =0 to ¢ =27 gives rise to
the spherically-symmetric current density, YOO((,/ﬁ, 0). The details of the derivation of the spin

function are given in the Appendix of this paper and Chp. 1 of Ref. [3].

ANGULAR FUNCTIONS

The time, radial, and angular solutions of the wave equation are separable. Also based on
the radial solution, the angular charge and current-density functions of the electron, A(6, ¢,1),

must be a solution of the wave equation in two dimensions (plus time),

{v _i%}A(e 4.1)=0 (12)

v

where o(r, 0, ¢,0)= f(r)A(0, $,t) = % S(r—r,)A(6,,t) and A(6, $,t) = Y(6, $)k(t)

1 o o) 1 (52\ 1&2

—_ 0 —_—
[Zsino a0\ 20),, " sin0\ap ),

JA(H L $4t)=0 (13)

where v is the linear velocity of the electron. The charge-density functions including the time-

function factor are
1=0

oAr,0,6.t O[5 (6.6)+ Y, (6, 9)] (14)
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Ar,0,0,0) = =150~ r)|[1(0.6)+ Re{r"(0.9)e"™ }] (15)

where Y,"(6,4) are the spherical harmonic functions that spin about the z-axis with angular
frequency @, with Y, (6,¢) the constant function. Re {Y/" 6, p)e"” }= P" (cosH)cos(m¢+ a)nt)

where to keep the form of the spherical harmonic as a traveling wave about the z-axis,
®,=mo,.

ACCELERATION WITHOUT RADIATION

Special Relativistic Correction to the Electron Radius

The relationship between the electron wavelength and its radius is given by Eq. (4) where
A is the de Broglie wavelength. For each current density element of the spin function, the
distance along each great circle in the direction of instantaneous motion undergoes length
contraction and time dilation. Using a phase matching condition, the wavelengths of the electron

and laboratory inertial frames are equated, and the corrected radius is given by

CTTor (ol (o L0 Taf (T
rﬂ:;;{ 1—(;) sian(l—(;)J J+%ﬁcos{5(l—(z)j H (16)

where the electron velocity is given by Eq. (6). (See Ref. [3] Chp. 1, Special Relativistic

: . . . e
Correction to the lonization Energies section). — of the electron, the electron angular
m

e

momentum of 7, and g, are invariant, but the mass and charge densities increase in the

o . 1
laboratory frame due to the relativistically contracted electron radius. As v—c¢, r/r'— 2— and
V4

r = A as shown in Figure 4.

Nonradiation Based on Haus’ Condition
The Fourier transform of the electron charge density function given by Eq. (8) is a
solution of the three-dimensional wave equation in frequency space (k,w space) as given in Chp

1, Spacetime Fourier Transform of the Electron Function section, of Ref. [3]. Then the
corresponding Fourier transform of the current density function K(s,0,D,w) is given by

multiplying by the constant angular frequency.
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s,ev, =s ec=w, implies r, =4, which is given by Eq. (16) in the case that k& is the lightlike

k°. In this case, Eq. (17) vanishes. Consequently, spacetime harmonics of 2k oor
C

o, |¢ : . . .
—=+ _|— =k for which the Fourier transform of the current-density function is nonzero do not

C &

exist. Radiation due to charge motion does not occur in any medium when this boundary
condition is met. (Nonradiation is also determined from the fields based on Maxwell’s equations
as given in the Nonradiation Based on the Electromagnetic Fields and the Poynting Power

Vector section infra. and the same section of Chp 1, Appendix I of Ref. [3].)

Nonradiation Based on the Electron Electromagnetic Fields and the Poynting Power
Vector
A point charge undergoing periodic motion accelerates and as a consequence radiates
according to the Larmor formula:
1 2e* ,
—a
4re, 3c

(18)

where e is the charge, a is its acceleration, ¢, is the permittivity of free space, and ¢ is the

speed of light. Although an accelerated point particle radiates, an extended distribution modeled
as a superposition of accelerating charges does not have to radiate [12, 16-19]. An ensemble of
charges, all oscillating at the same frequency, create a radiation pattern with a number of nodes.
The same applies to current patterns in phased array antenna design [20]. It is possible to have
an infinite number of charges oscillating in such as way as to cause destructive interference or
nodes in all directions. The electromagnetic far field is determined from the current distribution
in order to obtain the condition, if it exists, that the electron current distribution given by Eq.
(21) must satisfy such that the electron does not radiate.

The charge density functions of the electron orbitsphere in spherical coordinates plus
time are given by Egs. (14-15). For % = 0, the equipotential, uniform or constant charge
density function (Eq. (14)) further comprises a current pattern given in the Spin Function section.
It also corresponds to the nonradiative n =1, ¢ = 0 state of atomic hydrogen and to the spin

function of the electron. The current density function is given by multiplying Eq. (14) by the
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constant angular velocity @. There is acceleration without radiation. In this case, centripetal
acceleration. A static charge distribution exists even though each point on the surface is
accelerating along a great circle. Haus’ condition predicts no radiation for the entire ensemble.
The same result is trivially predicted from consideration of the fields and the radiated power.
Since the current is not time dependent, the fields are given by

VxH=J (19)
and

VxE=0 (20)
which are the electrostatic and magnetostatic cases, respectively, with no radiation.

The nonradiation condition given by Eq. (17) may be confirmed by determining the fields

and the current distribution condition that is nonradiative based on Maxwell’s equations. For 2
# 0, the charge-density functions including the time-function factor are given by Egs. (15). In
the cases that m = 0, Eq. (15) is a traveling charge density wave that moves on the surface of the
orbitsphere about the z-axis and modulates the orbitsphere corresponding to § = 0. Since the
charge is moving time harmonically about the z-axis with frequency @, and the current-density
function is given by the time derivative of the charge-density function, the current-density
function is given by the normalized product of the constant angular velocity and the charge-
density function. The first current term of Eq. (15) is static. Thus, it is trivially nonradiative.

The current due to the time dependent term is

2 4 (6, ¢)}[u(t) xr]

2 . (6, 0)e ! }[u xr]

a)ﬁ 4;2 N[o(r - Q)]Re(ﬂm(cosﬁ)eimqjeiw? )u xr]

o, (21)
m u x r

T ordm

;) . —1 )](Bm (cos O)cos(m ¢+ a)'nt))sin ¢

where to keep the form of the spherical harmonic as a traveling wave about the z-axis, 0);1 =mo,

and N and N' are normalization constants. The vectors are defined as

& _ uxr u'x r; 1 = z = orbital axis 22
b x| sind
] = &X ”’: (23)

. A~ u . . .
“” denotes the unit vectors # =—, non-unit vectors are designed in bold, and the current

Jul

function is normalized. For time-varying electromagnetic fields, Jackson [21] gives a
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generalized expansion in vector spherical waves that are convenient for electromagnetic

boundary-value problems possessing spherical symmetry properties and for analyzing multipole
radiation from a localized source distribution. The Green function G(x',x) which is appropriate

to the equation

(V2 + 57 )5(x",x)= -5 (x'x) (24)
in the infinite domain with the spherical Wave expansion for the outgoing wave Green function is
—zklx x|
G(x x)— lkZJ«f(kF Y )X 7., 0.9)Y,,(0.9) (25)
m=—1{

General coordinates are shown in Figure 5. Jackson [21] further gives the general multipole
field solution to Maxwell’s equations in a source-free region of empty space with the assumption

. I t
of a time dependence e

B= %[aE(E,m)ﬁ(kr)X(,m —éaM(f, myV x (gé(kr)X('M}

B= |4 etV £ ()X .+ (1l ()X,

where the cgs units used by Jackson are retained in this section. The radial functions f,(kr) and

(26)

g,(kr) are of the form:
&)= AR+ APR, @
X, ,, 1s the vector spherical harmonic defined by

1
X, (6.4)= e LY, ,(6.9) (28)

where

- %(r x V) (29)

The coefficients a,(¢/,m) and a,(¢,m) of Eq. (26) specify the amounts of electric (¢,m)
multipole and magnetic (¢,m) multipole fields, and are determined by sources and boundary
conditions as are the relative proportions in Eq. (27). Jackson gives the result of the electric and

magnetic coefficients from the sources as
4 7k*

Or. ik , : .
o) = B [ 2 0y )5 ey s 0
and
_4721(2 . m* (J ) 3
aM(z,m)_mjh(kr)); L= +VxM)d'x 31)
respectively, where the distribution of charge o(x,7), current J(x,¢), and intrinsic magnetization

M(x,?) are harmonically varying sources: o(x)e ", J(x)e ", and M(x)e /. From, Eq. (21),

the charge and intrinsic magnetization terms are zero. Also, the current J(x,7) is in the &
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direction; thus, the a,(/,m) coefficient given by Eq. (30) is zero since r-J = 0. Substitution of
Eq. (21) into Eq. (31) gives the magnetic multipole coefficient a,,(¢,m):

(@, " n
e | 2m 27 N5(r r)Y"(0,¢)sin 6p |d ) )

a,(¢,m)= ijz(kr)Y L- K B )|

Each mass density element of the electron moves about the z-axis along a circular orbit of radius
r,sin @ in such a way that @, changes at a constant rate. Thatis ¢ = e at time ¢ where o, is the

constant angular frequency given in Eq. (21), and
r(t) = ir, sin fcos awt + jr, sin@sin wt (33)

is the parametric equation of the circular orbit. Jackson gives the operator in the xy-plane
corresponding to the current motion in this plane and the relations for ¥,"(6,¢) [21].

L =L +iL =e (i +1cotl9—\ (34)
v 26 o)
LY"(0,8)=N(( —m)((+ m+1)Y""(6,9) (35)

Using Eq. (34), L-J of Eq. 31) is
L, (¥ (0.¢)sin0)= e’f{ﬁ +icot 9575) Y (6, $)sind
(36)

=e"Y" (6, ¢{i +icot 02\ sind + e sinﬁ(i + icot@i\ 1" (6,4)
0 p) 6 op)

Using Eq. (35) in Eq. (36) gives

L, (¥ (0,4 )sin 0)= €*Y," (6, #)cos O+ sinOy (¢ — mX ¢+ m+1)Y,""(6, ) (37)
The spherical harmonic is given as
m 2€ +1 (ﬁ m) m imp m img
11(0.9)= "L P (cos)e™ = N, B (cosO)e (38)
‘ 4 (C+m) " :
Thus, Eq. (37) is given as
L, (Y/’ (0,¢)sin 0) =
. : ‘ (39)
¢’N, P (cos @)e™’ cosO+sin (¢ —m)(¢ +m+ 1N, . B (cosQ)e"" "
Substitution of Eq (39) into Eq (32) gives
c £(£ +1) 27r r
J. )7 6.0 f “N, .B"(cos8)e™ cosd ]} 3
J, (k)Y (6,9)5(r —r, A d’x
f +sin O({—m)({ +m +1)N,, ., B"*" (cos @) """ |
(40)
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Substitution of ¥, "(6,4)=(-1)"Y, " (6,4) and Eq. (38) into Eq. (40) and integration with respect

to dr gives

—ek’>
0.m) = — Zn N (K,
@ (f:m) e (0 +1) 27 J )

27 ~ [e"N, ,,B"(cos @)™ cosd ]
J.J. (~1)"N, _ P "(cos O)e ™4 , tsindd &d ¢
. ’ |+sin6y/({— mY{ +m +1)N, . P (cos @) " |
(41)
The integral in Eq. (41) separated in terms of d@ and d¢ is
a,(!,m —"
u(tm)= c;]z(z +1) 27 Nil
(N, B (cos O)cosl 27
j(—1)’" B (cosO) sinddo [ ¢’dg
|+sin@y(¢— mX¢+m+1)N, . P/ (cos 6)] o
(42)
Consider that the d@ 1ntegral is finite and designated by ®, then Eq. (42) is given as
i¢
ay(t.m) = W — 2 j, (ks )O j dg (43)
From Eq. (26), the far fields are given by
i
B=—a,(/,m)V xg,(kr)X
kaM( m)V x g,(kr)X, , (44)
E=a,(t,m)g,(kr)X,,,
where a,,(¢,m) is given by Eq. (43).
The power density P(¢) given by the Poynting power vector is
P(t)=E xH (45)
. . : : dP((,m)
For a pure multipole of order (/,m), the time-averaged power radiated per solid angle ———=
given by Jackson [21] is
dP({,m c 2 2
;Q ) Tl m) X, (46)

where a,,(/,m) is given by Eq. (43).

Since the modulation function Y,,(6,¢) is a traveling charge density wave that moves
time harmonically on the surface of the orbitsphere about the z-axis with frequency @,, ¢ of the
spherical harmonic function is a function of ¢ as shown in Eq. (33). The time dependence of the

source current must also be evaluated in Eq. (43), and it can be written as
vT,

a,/(t,m)= ;(e_fkjr) Dn Nj, (kr, )@vgncos(mks(t))ds (47)
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where s' (¢) is the angular displacement of the rotating modulation function during one period 7,

and v is the linear velocity in the (;ﬁ direction. Thus,

2
a,(t,m)= #jﬂ);—” Nj, (kY@ sin(mkvT) (48)
2
a, (t,m) = %;’—”NJ (s Yo sin(mks) (49)
In the case that k is the lightlike k°, then k = @, /¢, and the sin(mks) term in Eq. (49) vanishes
for
R=cT (50)
RT '=c (51)
Rf =c (52)
Thus,
s=vI =R=r,=1, (53)

as given by Eq. (16) which is identical to the Haus condition for nonradiation given by Eq. (17).
Then, the multipole coefficient a,,(¢,m) is zero. For the condition given by Eq. (53), the time-

dP({,m)
dQ

averaged power radiated per solid angle given by Eqgs (46) and (49) is zero. There is

no radiation.

MAGNETIC FIELD EQUATIONS OF THE ELECTRON

The orbitsphere is a shell of negative charge current comprising correlated charge motion
along great circles. For % = 0, the orbitsphere gives rise to a magnetic moment of 1 Bohr
magneton [22]. (The details of the derivation of the magnetic parameters including the electron

g factor are given in the Appendix of this paper.)
eh

Uy =——=9.274 X107 JT7, (54)
2m,
The magnetic field of the electron shown in Figure 6 is given by
h
H=—""(i cosf@—i,sing) forr<r (55)
o o
H = s (i,2cos@+i,sin@) forr>r, (56)
2m,r
The energy stored in the magnetic field of the electron is
1 2xmw oo '
Ep =5 My [ [[ #%r*sin Gdrd oac> (57)
000
e
Emagtotal = m 27’ 3 (58)
1

e
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STERN-GERLACH EXPERIMENT
The Stern-Gerlach experiment implies a magnetic moment of one Bohr magneton and an

associated angular momentum quantum number of 1/2. Historically, this quantum number is

. 1 . o
called the spin quantum number, s (s = E; m, = iz ). The superposition of the vector projection
of the orbitsphere angular momentum on the z-axis is b with an orthogonal component of e

Excitation of a resonant Larmor precession gives rise to 7 on an axis S that precesses about the

z-axis called the spin axis at the Larmor frequency at an angle of & :i; to give a perpendicular

projection of

3
S =+,-h 59
o -
and a projection onto the axis of the applied magnetic field of
h
S, =*— 60
1=*5 (60)

The superposition of the 5 z-axis component of the orbitsphere angular momentum and the 5
z-axis component of S gives % corresponding to the observed electron magnetic moment of a

Bohr magneton, ;.

ELECTRON g FACTOR

Conservation of angular momentum of the orbitsphere permits a discrete change of its

“kinetic angular momentum” (r x mv) by the applied magnetic field of 5 and concomitantly

h
the “potential angular momentum” (r x eA) must change by —5

Ang—rxeA (61)
(7 _ed.
L2 2x] (62)

h
In order that the change of angular momentum, AL, equals zero, ¢ must be @, :2—, the
e

magnetic flux quantum. The magnetic moment of the electron is parallel or antiparallel to the
applied field only. During the spin-flip transition, power must be conserved. Power flow is
governed by the Poynting power theorem,
o1 1 2]1 1
Ve(ExH)=—— -y HoeH —— —¢EeE —JeoE 63
Ex==3 e 7R % E ©)
Eq. (64) gives the total energy of the flip transition which is the sum of the energy of

reorientation of the magnetic moment (1st term), the magnetic energy (2nd term), the electric
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energy (3rd term), and the dissipated energy of a fluxon treading the orbitsphere (4th term),

respectively,
- a 2 (a\ 4 a)’
AE™" =2[1 +—+=a’ —) = —) j B 64
e 2z 370 T3\ ) (64)
AE, = giB (65)

ol 1

where the stored magnetic energy corresponding to the ik uHeH ] term increases, the stored

. . o)1 . .
electric energy corresponding to the E{EEUE.E} term increases, and the JeE term is

dissipative. The spin-flip transition can be considered as involving a magnetic moment of g

times that of a Bohr magneton. The g factor is redesignated the fluxon g factor as opposed to

the anomalous g factor. Using o« ' =137.03603(82), the calculated value of § is

1.001 159 652 137. The experimental value [23] of % is 1.001 159 652 188(4). The

derivation is given in the Appendix of this paper.

SPIN AND ORBITAL PARAMETERS

The total function that describes the spinning motion of each electron orbitsphere is
composed of two functions. One function, the spin function, is spatially uniform over the
orbitsphere, spins with a quantized angular velocity, and gives rise to spin angular momentum.
The other function, the modulation function, can be spatially uniform—in which case there is no
orbital angular momentum and the magnetic moment of the electron orbitsphere is one Bohr
magneton—or not spatially uniform—in which case there is orbital angular momentum. The
modulation function also rotates with a quantized angular velocity.

The spin function of the electron corresponds to the nonradiative n=1, ¢ = 0 state of
atomic hydrogen which is well known as an s state or orbital. (See Figure 1 for the charge
function and Figure 2 for the current function.) In cases of orbitals of heavier elements and
excited states of one electron atoms and atoms or ions of heavier elements with the ¢ quantum
number not equal to zero and which are not constant as given by Eq. (14), the constant spin
function is modulated by a time and spherical harmonic function as given by Eq. (15) and shown
in Figure 3. The modulation or traveling charge density wave corresponds to an orbital angular
momentum in addition to a spin angular momentum. These states are typically referred to as p,
d, f, etc. orbitals. Application of Haus’s [12] condition also predicts nonradiation for a constant
spin function modulated by a time and spherically harmonic orbital function. There is

acceleration without radiation as also shown in the Nonradiation Based on the Electron
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Electromagnetic Fields and the Poynting Power Vector section. (Also see Abbott and Griffiths,
Goedecke, and Daboul and Jensen [16-18]). However, in the case that such a state arises as an
excited state by photon absorption, it is radiative due to a radial dipole term in its current density
function since it possesses spacetime Fourier Transform components synchronous with waves

traveling at the speed of light [12]. (See “Instability of Excited States” section.)

Moment of Inertia and Spin and Rotational Energies

The moments of inertia and the rotational energies as a function of the % quantum
number for the solutions of the time-dependent electron charge density functions (Egs. (14-15))
given in the Angular Functions section are solved using the rigid rotor equation [15]. The details
of the derivations of the results as well as the demonstration that Eqgs. (14-15) with the results
given infra. are solutions of the wave equation are given in Chp 1, Rotational Parameters of the

Electron (Angular Momentum, Rotational Energy, Moment of Inertia) section, of Ref. [3].

2=0
2
Iz = Ispin = mern (66)
2
) h
L =lwi_= J_rE (67)
E,iona = E _lrz n [ atme2( a [1oal ] (68)
rotational — “rotational , spin o) L spin mern2 J_ o) L o) mr, J - 4 Lz Ispm J
140
[+ T
1+
L = Mg, | —5— 69
orbital mern |_£2 +€ +1J ( )
L =mh (70)
Lz total — Lzspm + Lz orbital (71)
n [ (0 +1) }
E L =—| = 72
rotational, orbital 2] €2 + 2€ + 1 ( )
h2
T= 73
2m, 73)
(Eralational, orbital> = 0 (74)

From Eq. (74), the time average rotational energy is zero; thus, the principal levels are

degenerate except when a magnetic field is applied.
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FORCE BALANCE EQUATION

The radius of the nonradiative (n =1) state is solved using the electromagnetic force
equations of Maxwell relating the charge and mass density functions wherein the angular
momentum of the electron is given by Planck’s constant bar. The reduced mass arises naturally

from an electrodynamic interaction between the electron and the proton.

m, v’ e Ze 1w
4 = - = 2 2 = 2 3 (75)
"y, 4mr” dreyr,  dmr” mr,
a
r = 71{ (76)
where a,, is the radius of the hydrogen atom.
ENERGY CALCULATIONS

From Maxwell’s equations, the potential energy V', kinetic energy 7', electric energy or
binding energy £, are

_Z 2 _ZZ 2
y— T 2 X43675X10 % J=-Z"X272 eV (77)
drer, 4Arne,a,
Z2 2
T=-2°_7°X13.59 ¢V (78)
8re,ay
1, Ze
T=E, =—¢ |Edv where E=- 79
ele 2 0;[ v 472'807’2 ( )
Z%e? 2 _18 2
E,=- = 7°X2.1786 X107 J=-Z> X 13.598 eV’ (80)
8re,a,

The calculated Rydberg constant is 10,967,758 m™'; the experimental Rydberg constant is
10,967,758 m™' 2.

2 The theories of Bohr, Schrodinger, and presently CQM all give the identical equation for the principal energy
levels of the hydrogen atom.
Z'e’ A - 13.598
= ———— =-S5 X21786 X10 " J=-Z2’ X —— eV (FN 2.1)
8ren"ay, n n
In CQM, the two dimensional wave equation is solved for the charge density function of the electron. And, the
Fourier transform of the charge density function is a solution of the three dimensional wave equation in frequency

(k,a)) space. Whereas, the Schrodinger equation solutions are three dimensional in spacetime. The energy is

ele

given by
[yHydv=E | yav: (FN2.2)
I yidv=1 (FN 2.3)
Thus:
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EXCITED STATES
CQM gives closed form solutions for the resonant photons and excited state electron

functions. The angular momentum of the photon given by
1
Imlz}—8 Re[rx(ExB*)izh (81)
V4

is conserved [21]. The change in angular velocity of the electron is equal to the angular
frequency of the resonant photon. The energy is given by Planck’s equation. The predicted
energies, Lamb shift, hyperfine structure, resonant line shape, line width, selection rules, etc. are
in agreement with observation.

The orbitsphere is a dynamic spherical resonator cavity which traps photons of discrete
frequencies. The relationship between an allowed radius and the “photon standing wave”
wavelength is

2ar=ni (82)

[yt ydv=E (FN 2.4)

In the case that the potential energy of the Hamiltonian, H , is a constant times the wavenumber, the Schrodinger
equation is the well known Bessel equation. Then with one of the solutions for i, Eq. (FN 2.4) is equivalent to an
inverse Fourier transform. According to the duality and scale change properties of Fourier transforms, the energy
equation of CQM and that of quantum mechanics are identical, the energy of a radial Dirac delta function of radius
equal to an integer multiple of the radius of the hydrogen atom (Eq. (FN 2.1)). And, Bohr obtained the same energy
formula by postulating nonradiative states with angular momentum
L =mh (FN 2.5)

and solving the energy equation classically.

The mathematics for all three theories converge to Eq. (FN 2.1). However, the physics is quite different.
Only CQM is derived from first principles and holds over a scale of spacetime of 85 orders of magnitude. And, the
mathematical relationship of CQM and QM is based on the Fourier transform of the radial function. CQM requires
that the electron is real and physically confined to a two dimensional surface which corresponds to a solution of the
two-dimensional wave equation plus time. The corresponding Fourier transform is a wave over all space which is a
solution of the three dimensional wave equation (e.g. the Schrodinger equation). In essence OM may be considered
as a theory dealing with the Fourier transform of an electron rather than the physical electron. By Parseval’s
theorem, the energies may be equivalent, but the quantum mechanical case is nonphysical—only mathematical.
Thus, it is nonsensical from this perspective. It may mathematically produce numbers which agree with
experimental energies, but the mechanisms lack internal consistency and conformity with physical laws. If these are
the criteria for a valid solution of physical problems, then quantum mechanics has never successfully solved any
problem. The theory of Bohr similarly failed.

Classical revisions may transform Schrodinger’s and Heisenberg’s quantum theory into what is termed a
classical quantum theory such that physical descriptions result. For example, in the old quantum theory the spin
angular momentum of the electron is called the “intrinsic angular momentum.” This term arises because it is
difficult to provide a physical interpretation for the electron’s spin angular momentum. Quantum Electrodynamics
provides somewhat of a physical interpretation by proposing that the “vacuum” contains fluctuating electric and
magnetic fields. In contrast, in CQM, spin angular momentum results from the motion of negatively charged mass
moving systematically, and the equation for angular momentum, r X P, can be applied directly to the wave

function (a current density function) that describes the electron. And, quantization is carried by the photon, rather
than probability waves of the electron as demonstrated in this paper.
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where n is an integer. The relationship between an allowed radius and the electron wavelength
is
2n(nr)=2nr, =nd, =4, (83)

where n=1,2,3,4,.... The radius of an orbitsphere increases with the absorption of
electromagnetic energy. The radii of excited states are solved using the electromagnetic force
equations of Maxwell relating the field from the charge of the proton, the electric field of the
photon, and charge and mass density functions of the electron wherein the angular momentum of
the electron is given by Planck’s constant bar (Eq. (75)). The solutions to Maxwell’s equations
for modes that can be excited in the orbitsphere resonator cavity give rise to four quantum
numbers, and the energies of the modes are the experimentally known hydrogen spectrum. The
relationship between the electric field equation and the “trapped photon” source charge-density

function is given by Maxwell’s equation in two dimensions.
ne(E, -E,)=— (84)
0
The photon standing electromagnetic wave is phase matched with the electron
/
e(na 1 1 - i .
) L 0.0+ [ o) re i @00 ol -n), 55)
®, =0 form=0
2=12,.,n-1
m=-%,-2 +1,...,0,....+ &
e e(na,) 1 [ 110 0, 1]
E,. = * 7| 0.9)+~ [10.9)+ Re{r"(0.9)¢™ J] oG 1),

2
drey 4re,

¥ photon n,l,m

(86)
w,=0form=0

For r = na,, and m = 0, the total radial electric field is

1 e .
rtotal — n 472'80(1’ZQH)2 lr (87)

The energy of the photon which excites a mode in the electron spherical resonator cavity

from radius a,, to radius na,, is
2

:e—rl——lz—lzhv=ha) (88)
n”J

‘'photon
8ne,ay L

The change in angular velocity of the orbitsphere for an excitation from n=1 to n=n is

h h ho T 1]
res - ;T 1=z 89
m(a,) m(na,y mfa,yL n*l (89)

The kinetic energy change of the transition is
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Lo (avy =—¢ “—Jﬁzhw (90)

The change in angular velocity of the electron orbitsphere is identical to the angular velocity of

the photon necessary for the excitation, @,,,,, - The correspondence principle holds. 1t can be

demonstrated that the resonance condition between these frequencies is to be satisfied in order to

have a net change of the energy field [24].

ORBITAL AND SPIN SPLITTING
The ratio of the square of the angular momentum, M, to the square of the energy, U’,

for a pure (¢, m) multipole is [25]

M m?
- G2y
The magnetic moment is defined as
_ charge x angular momentum (92)

2 X mass

The radiation of a multipole of order (¢, m) carries m# units of the z component of angular
momentum per photon of energy %w. Thus, the z component of the angular momentum of the

corresponding excited state electron orbitsphere is

L =mh (93)
Therefore,
emh
M. = =mpy (94)
2m,
where u, is the Bohr magneton. The orbital splitting energy is
Ey = mpsB (95)
The spin and orbital splitting energies superimpose; thus, the principal excited state energy
levels of the hydrogen atom are split by the energy E:f’a’;/”rb :
; 7 h
;’Zg/”b = m——B+ msge—B where (96)
me me
n=234,..
(=12,.,n—1
m=—0—0+1,...,0,...,+¢
1
m =1—
N 2
For the electric dipole transition, the selection rules are
Am =0,%1 97
Am =0 ©7)
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RESONANT LINE SHAPE AND LAMB SHIFT

The spectroscopic linewidth shown in Figure 7 arises from the classical rise-time band-
width relationship, and the Lamb Shift is due to conservation of energy and linear momentum
and arises from the radiation reaction force between the electron and the photon. It follows from
the Poynting power theorem with spherical radiation that the transition probabilities are given by
the ratio of power and the energy of the transition [26]. The transition probability in the case of

the electric multipole moment is
1 power

T energy

{ 27c (ul)kz“llQm +Qm|2J 2 2
lr: o f[ha)] :27{%\/% [(%2::1)”]2 (tl)(zisj )

(98)

(99)
o0 _ . 1
[E@@) o< [e™Fe ™' dt =—— (100)
7 a—io
The relationship between the rise-time and the band-width for exponential decay is
1
== (101)
V4
The energy radiated per unit frequency interval is
dl(w) r
— =] — (102)

do 27 (0-0,-Ao) +(/2)

LAMB SHIFT
The Lamb Shift of the * P, state of the hydrogen atom is due to conservation of linear

momentum of the electron, atom, and photon. The electron component is

E 2
ar=e B (B) o6 4 (103)
2 h  2huc

where E, is

1y 3 [3
E, =13.5983 eV(l——z)—J: — hAf (104)
n/4z\V4
hAf <<<10 eV (105)
Therefore,

( 1) 3 /3
E =135983 eV |1—— |—4|— 106
hv e k n2 472_ 4 ( )

The atom component is
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. ey (ls.sggwy(l_%)[l%_;f

ar=22 B _ 2 - 53839 MHz  (107)
2 h 2hch 2hm ¢
The sum of the components is
Af =1052.48 MHz + 5.3839 MHz =1057.87 MHz (108)
The experimental Lamb Shift is
Af =1057.862 MHz (109)

SPIN-ORBITAL COUPLING
The electron’s motion in the hydrogen atom is always perpendicular to its radius;
consequently, as shown by Eq. (7), the electron’s angular momentum of # is invariant. The

angular momentum of the photon given in the Photon Equations section is

1
|m| = }?Re[rx (E x B*)i =h. It is conserved for the solutions for the resonant photons and
T

excited state electron functions given in the Excited States section and the Photon Equations
section. Thus, the electrodynamic angular momentum and the inertial angular momentum are

matched such that the correspondence principle holds. It follows from the principle of

. e . . . . .
conservation of angular momentum that — of Eq. (54) is invariant given in the Special
m

e

Relativistic Correction to the Electron Radius section and as shown previously [3]. In the case
of spin-orbital coupling, the invariant 7% of spin angular momentum and orbital angular
momentum each give rise to a corresponding invariant magnetic moment of a Bohr magneton,
and their corresponding energies superimpose as given in the Orbital and Spin Splitting section.
The interaction of the two magnetic moments gives rise to a relativistic spin-orbital coupling
energy. The vector orientations of the momenta must be considered as well as the condition that
flux must be linked by the electron in units of the magnetic flux quantum in order to conserve the

invariant electron angular momentum of 7. The energy may be calculated with the additional

o . . .e
conditions of the invariance of the electron’s charge and mass to charge ratio —.
m

e

As shown in the Electron g Factor section (Egs. (61-65)), flux must be linked by the

electron orbitsphere in units of the magnetic flux quantum. The maximum projection of the

: . L .3
rotating spin angular momentum of the electron onto an axis given by Eq. (59) is Zh Then,

using the magnetic energy term of Eq. (64), the spin-orbital coupling energy E,, is given by

E, - [ J Hoeh J7 a7z,u0e hzf (110)
2. 5. )( j 4
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In the case that n = 2, the radius given by Eq. (83) is » = 2a,,. The predicted energy difference
between the >R, and ° P, levels of the hydrogen atom, E,, , given by Eq. (110) is
e’n’ |3
E,, ==t = (111)
‘ 8m’a, 4

As in the case of the *B,,—’S,,, transition, the photon-momentum transfer for the P,

3/ 2_> ])l/ 2
transition gives rise to a frequency shift derived after that of the Lamb shift with Am, = —1 included.
The energy, E,, for the °P,,—’P,, transition called the fine structure splitting is given by

_d@n? ‘E ( ([ 12))2{(%;(1\@}2 [H(l_\@jq

E 13.5983 eV
FS — 3 K K

+
2huc’ 2hm,,c*

I

|
|
L
=4.5190 X107 eV +1.75407 X 107 eV (112)

=4.53659 X107 eV

where the first term corresponds to £, given by Eq. (111) expressed in terms of the mass energy of

s/o

the electron using Eqgs. (184-185) and the second and third terms correspond to the electron recoil and

atom recoil, respectively. The energy of 4.53659 X 10~ eV corresponds to a frequency of
10,969.4 MHz or a wavelength of 2.73298 ¢m . The experimental value of the >P,,—P,, transition

frequency is 10,969.1 MHz. The large natural widths of the hydrogen 2p levels limits the

experimental accuracy; yet, given this limitation, the agreement between the theoretical and

experimental fine structure is excellent.

INSTABILITY OF EXCITED STATES
For the excited energy states of the hydrogen atom, o, , the two dimensional surface

charge due to the trapped photons > at the electron orbitsphere, given by Eq. (84) and Eq. (85) is

O m iw,t —|
o = 770 0. [0 R 0.9 Yo ) (113)

where n=2,3,4,...,. Whereas, o

electron >

the two dimensional surface charge of the electron
orbitsphere given by Eq. (15) is

—— [0 @.9)+ Refy (0.0)e™ [P 1) (114)
(Eq. (113)) and o

O-electmn - 4 ( )
n

The superposition of o is equivalent to the sum of a radial electric

photon electron
dipole represented by a doublet function and a radial electric monopole represented by a delta

function.

O-phatan

0 p 10 ( 1 " i
Ty 100 -1 -2 10@.0p0 -1 L Re{rr@0¢ )|

+ 0

electron —
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(115)
where n=2,3,4,...,. Due to the radial doublet, excited states are radiative since spacetime

harmonics of —* =k or —* _|— =k do exist for which the spacetime Fourier transform of the
c c Y&,

current density function is nonzero.

PHOTON EQUATIONS
The time-averaged angular-momentum density, m, of an emitted photon is
1
m = [—Re[rx (ExB*)lx' =1 (116)
8mc

By reiterations of Eqgs. (117) and (118), a photon orbitsphere is generated from two orthogonal
great circle field lines shown in Figure 8 rather than two great circle current loops as in the case
of the electron spin function. The output given by the non-primed coordinates is the input of the
next iteration corresponding to each successive nested rotation by the infinitesimal angle A«

where the summation of the rotation about each of the x'-axis and the y'-axis in each case is
2

- 7. The right-handed circularly polarized photon orbitsphere shown in Figure 9 corresponds
to the case wherein the A« for the x' and y' rotations are of the same sign, and the mirror image
left-handed circularly polarized photon orbitsphere corresponds to the case wherein the they are
of the opposite sign. A linearly polarized photon orbitsphere is the superposition of the right-

and left-handed circularly polarized photon orbitspheres.
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Nested Set of Great Circle Field Lines Generates the Photon Function
H Field:

|fx11| |rcos(Aa) —sin?(Aa) —Sin(ACZ)COS(AO()—I |rx11|

Y11= 0 cos(Aar) sin(A) I (117)
LZIJ |sin(Aa) —cos(Aa)sin(Aa) cos?(Aa) | LZIJ
E Field:

|Fx11| |rcos(Aoz) —sin?(Aa) —sin(Aoz)c:os(Aoz)T| |rx11|

V1| =] 0 cos(A) sin(Aa) RE (118)
Lzlj sin(Aa) —cos(Aa)sin(Ax)  cos’(Aa) | LZIJ
sz
where the angular sum is iy Z |Aa,.,,j, :%7[.

The field lines in the lab frame follow from the relativistic invariance of charge as given
by Purcell [27]. The relationship between the relativistic velocity and the electric field of a
moving charge shown schematically in Figure 10. From Egs. (117-118) corresponding to the
rotations over A«, the photon equation in the lab frame of a right-handed circularly polarized
photon orbitsphere is

E=E,[x+iyle e’ (119)
Eo\ .1 —jkz —jor J; . N —jkz _—ja (120)
=|— [y—zx]e e’ =K, —[y—zx]e “e
n/ u
with a wavelength of
1=27< (121)
w

The relationship between the photon orbitsphere radius and wavelength is
27 = A, (122)
The electric field lines of a right-handed circularly polarized photon orbitsphere as seen along

the axis of propagation in the lab inertial reference frame as it passes a fixed point is shown in
Figure 11.

Spherical Wave
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Photons superimpose, and the amplitude due to N photons is

N —ik,Jr-r'|
e
E =) ———f(0, 123
ot = 2 SO9) (123)
In the far field, the emitted wave is a spherical wave
—ikr
Etotal = Eo (124)
r

The Green Function is given as the solution of the wave equation. Thus, the superposition of
photons gives the classical result. As » goes to infinity, the spherical wave becomes a plane
wave. The double slit interference pattern is predicted. From the equation of a photon, the
wave-particle duality arises naturally. The energy is always given by Planck’s equation; yet, an
interference pattern is observed when photons add over time or space. The results also predict

those of the Aspect experiment involving Bell’s inequalities [3].

EQUATIONS OF THE FREE ELECTRON
Charge Density Function

The radius of an electron orbitsphere increases with the absorption of electromagnetic
energy [28]. With the absorption of a photon of energy exactly equal to the ionization energy,
the electron becomes ionized and is a plane wave (spherical wave in the limit) with the de
Broglie wavelength. The ionized electron traveling at constant velocity is nonradiative and is a
two dimensional surface having a total charge of e and a total mass of m,. The solution of the
boundary value problem of the free electron is given by the projection of the orbitsphere into a
plane that linearly propagates along an axis perpendicular to the plane where the velocity of the

plane and the orbitsphere is given by
h

(125)
meIOO

and the radius of the orbitsphere in spherical coordinates is equal to the radius of the free
electron in cylindrical coordinates ( g, = 7). The mass density function of a free electron shown

in Figure 12 is a two dimensional disk having the mass density distribution in the xy(p )-plane

PP 7)== ﬂ( 22 j\/pf P 8() (126)

3 7Py ¢

and charge-density distribution, p,(p, #,2), in the xy-plane given by replacing m, with e where
the Pi function represents a plane wave. The charge density distribution of the free electron has
recently been confirmed experimentally [29-30]. Researchers working at the Japanese National

Laboratory for High Energy Physics (KEK) demonstrated that the charge of the free electron
increases toward the particle’s core and is symmetrical as a function of ¢. In addition, the
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wave-particle duality arises naturally, and the result is consistent with scattering experiments

from helium and the double split experiment [3].

Current Density Function
Consider an electron initially bound as an orbitsphere of radius » = r, = r, ionized from a

hydrogen atom with the magnitude of the angular velocity of the orbitsphere is given by
(127)

= >
m.Jr

The current-density function of the free electron propagating with velocity v_ along the z-axis in

the inertial frame of the proton is given by the vector projection of the current into xy-plane as
the radius increases from » = r, to » = . The current-density function of the free electron, is

1

h
Jp gzt = 7Z( 2 ] — — i, (128)
L 2100 § 7[;003 merO P J
where p, =r,. The angular momentum, L, is given by
Li = merza) (129)

Substitution of m, for e in Eq. (128) followed by substitution into Eq. (129) gives the angular
momentum density function, L

h
Li, = 7[{ £ j4’"€ — /i, (130)
2100 Eﬂ'—pos mero -

The total angular momentum of the free electron is given by integration over the two

dimensional disk having the angular momentum density given by Eq. (130).

27 p,
g h
b= ”( J = pzpdpd¢=hiz (131)
.[.[ 2p, % Do m\/po

The four dimensional spacetime current-density function of the free electron that propagates
along the z-axis with velocity given by Eq. (125) corresponding to r=r, = p, is given by

substitution of Eq (125) into Eq. (129).

J(p, b,2,1) = |7Z'( h i¢|+ M sz ——T—pi. (132)
—ﬂ'p Sm JPO J mepo mePO

The spacetime Fourier Transform of Eq. (132) is
ow—Kk, ev) (133)

ho.
7 ¢ —sinc(2zsp, )+ 2 e
3

5 7P, m, m,p,
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The boundary condition is that the spacetime harmonics of —* = kor —* _|[— =k do not exist.
c c e,

Radiation due to charge motion does not occur in any medium when this boundary condition is

met. Thus, no Fourier components that are synchronous with light velocity with the propagation

constant |kZ| =— exist, and radiation due to charge motion of the free electron does not occur
c

when this boundary condition is met. It follows from Eq. (125) and the relationship 27zp, = 4

o

that the wavelength of the free electron is the de Broglie wavelength.
A, = =27p, (134)

m(!vZ
The Stern-Gerlach experiment implies a magnetic moment of one Bohr magneton and an

1 1
associated angular momentum quantum number of 1/2 (s = 3 ;m, = iz ). The superposition of

the vector projection of the angular momentum of the free electron on to the z-axis is 7
corresponding to the observed electron magnetic moment of a Bohr magneton, z,. Excitation of

a resonant Larmor precession causes the free electron to rotate about an X, -axis that is in the xy-
plane and rotates at the Larmor frequency to reverse the spin direction. In order to conserve

angular momentum, a magnetic flux quantum @ = 2— must be linked by the electron during the
e

spin-flip transition, and the electron magnetic moment can only be parallel or antiparallel to an
applied field as observed with the Stern-Gerlach experiment. The energy, AE"" , of the spin flip

mag >

o : 1 .
transition corresponding to the mg = B quantum number is given by Eq. (65).

AEspin — gﬂBB (135)

mag

(See Chp. 3 of Ref. [3] for details of the derivations.)

TWO ELECTRON ATOMS
Two electron atoms may be solved from a central force balance equation with the

nonradiation condition. The force balance equation using Eq. (6) is

2 2 Z—l 1 2
m, v, m_ W ___e (Z-De hﬂ/ﬁ (136)

2 - 2 3 2 2 2
4mr; v,  4mr, my, 4nr, 4rneyr, 4w, Zmg,

which gives the radius of both electrons as

1 ,/s(s+1)J 1 (137)

Z-1 z2(z-1))° "2

Fy=ri=a

Ionization Energies Calculated using the Poynting Power Theorem
For helium, which has no electric field beyond 7,
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lonization Energy(He) = —E(electric)+ E(magnetic) (138)

where,
Z-1)é?
Belectric) =— =D (139)
8re, 1,
2 2h2
E(magnetic) = % (140)
merl
For3<Z
1
lonization Energy = —Electric Energy — E Magnetic Energy (141)

The energies of several two-electron atoms are given in Table I. The exact solutions for one

through twenty-electron atoms are given in Ref. [3].

ELASTIC ELECTRON SCATTERING FROM HELIUM ATOMS
The aperture distribution function, a(p, @,z), for the elastic scattering of an incident

electron plane wave represented by 77(z) by a helium atom represented by
2

———[d(r—-0.567 142

OGO = 0.567a,) (142)
is given by the convolution of the plane wave with the helium atom function:

L $,2) = TU(z2) ® ———— [S(r — 0.567 143

a(p¢,z) = 7(2) 4740.5672) [o(r a,)] (143)

The aperture function is
2
a(p,§,7) =————+(0.567a,)’ -2 5(r—(0.567a,) —2*) (144)

477(0.567a,)

Far Field Scattering (circular symmetry)
Applying Huygens’ principle to a disturbance caused by the plane wave electron over the
helium atom as an aperture gives the amplitude of the far field or Fraunhofer diffraction pattern

F(s) as the Fourier Transform of the aperture distribution. The intensity I is the square of the

amplitude.

F(s)

2 0 — —
" 472(0.567a, )’ 2”{ L N(0.567a,)" =" 5(p=(0.567a,) —z*)J (sp)e "“pdpdz  (145)
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(146)
s = %sing; w=0 (units of A7) (147)

The experimental results of Bromberg [33], the extrapolated experimental data of Hughes [33],
the small angle data of Geiger [34] and the semiexperimental results of Lassettre [33] for the
elastic differential cross section for the elastic scattering of electrons by helium atoms is shown
graphically in Figure 13. The elastic differential cross section as a function of angle numerically
calculated by Khare [33] using the first Born approximation and first-order exchange
approximation also appear in Figure 13. These results which are based on a quantum mechanical
model are compared with experimentation [33-34]. The closed-form function (Egs. (146) and
(147)) for the elastic differential cross section for the elastic scattering of electrons by helium
atoms is shown graphically in Figure 14. The scattering amplitude function, F{(s) (Eq. (145), is
shown as an insert. It is apparent from Figure 13 that the quantum mechanical calculations fail
completely at predicting the experimental results at small scattering angles; whereas, there is

good agreement between Eq. (146) and the experimental results.

THE NATURE OF THE CHEMICAL BOND OF HYDROGEN
The hydrogen molecule charge and current density functions, bond distance, and energies

are solved from the Laplacian in ellipsoidal coordinates with the constraint of nonradiation.

(1= ORZ (R D)+ DR, = (B, D)+ (6= mRZ (RS =0 (148)
The force balance equation for the hydrogen molecule is
% 2ab’X == x4 h22 ~2ab*X (149)
m,a b 4re, 2m,a’b
where
1 1 1] &1

X_,/§+a2 Jerbr Ne—r (150)

Eq. (149) has the parametric solution
r(t)=iacos wt + jbsin wt (151)
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when the semimajor axis, a, is

a=a, (152)
The internuclear distance, 2¢', which is the distance between the foci is
2¢ =+2a, (153)

The experimental internuclear distance is ¥2a,. The semiminor axis is
1
b=—=a 154
ik (9
The eccentricity, e, is

=7 (155)

The Energies of the Hydrogen Molecule

The potential energy of the two electrons in the central field of the protons at the foci is
202 n f 2_p2
v, = = 67836 ¢V (156)
8zeNa* — b a-va*-b
The potential energy of the two protons is
2
e

V =———F=——===19.242 ¢V 157
" 8reNdt - b (157

The kinetic energy of the electrons is

72 f 2 _p2
T- e T ~33.918 eV (158)
2mava’ -b*  a-Nd* - b

The energy, V , of the magnetic force between the electrons is

—h? lna+4a2—b2 B
4maNd® -b*  a-Vd -
During bond formation, the electrons undergo a reentrant oscillatory orbit with vibration of the
protons. The corresponding energy E,  is the difference between the Doppler and average

~16.959 eV’ (159)

m

vibrational kinetic energies:

- = - ]/2E 1. [k
Eosc :ED+EKvib :(Ve +T+ Vm + Vp MCIE +§hJ% (160)

The total energy is _
E,=V,+T+V, +V, +E,, (161)

L(z\/_ \/_+£jln\/§+1—\/_J|l —I—%hJ%=—3l.689eV
¢ |

| |
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(162)

The energy of two hydrogen atoms is

EQ2H[a, )=-27.21 eV (163)
The bond dissociation energy, E,, is the difference between the total energy of the
corresponding hydrogen atoms (Eq. (163)) and E, (Eq. (162)).

E,=EQH[a, ) —E, =4.478 eV (164)
The experimental energy is E, = 4.478 eV. The calculated and experimental parameters of H,,
D,, H, ,and D, from Chp. 12 of Ref. [3] are given in Table IL.

COSMOLOGICAL THEORY BASED ON MAXWELL’S EQUATIONS
Maxwell’s equations and special relativity are based on the law of propagation of a
electromagnetic wave front in the form
1 ( o0\’ r(ﬁa)\z (&w\z (ﬁa)\ﬂ
c\al) T|\a) "g) TG (165)
For any kind of wave advancing with limiting velocity and capable of transmitting signals, the
equation of front propagation is the same as the equation for the front of a light wave. Thus, the

equation )

%(%’) —(gradw) =0 (166)
acquires a general character; it is more general than Maxwell’s equations from which Maxwell
originally derived it.

A discovery of the present work shown in this section with the results of the previous
sections regarding the bound electron is that the classical wave equation governs: (1) the motion
of bound electrons, (2) the propagation of any form of energy, (3) measurements between inertial
frames of reference such as time, mass, momentum, and length (Minkowski tensor), (4)
fundamental particle production and the conversion of matter to energy, (5) a relativistic
correction of spacetime due to particle production or annihilation (Schwarzschild metric), (6) the
expansion and contraction of the Universe, (7) the basis of the relationship between Maxwell’s
equations, Planck’s equation, the de Broglie equation, Newton’s laws, and special, and general
relativity.

The relationship between the time interval between ticks ¢ of a clock in motion with

velocity v relative to an observer and the time interval ¢, between ticks on a clock at rest relative

to an observer is [35]

(cty =(ct,) +(vey (167)
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Thus, the time dilation relationship based on the constant maximum speed of light ¢ in any

inertial frame is

(168)

The metric g, for Euclidean space is the Minkowski tensor 7,,. In this case, the separation of

proper time between two events x* and x* + dx" is d7’ =— 1 dx"dx ",

THE EQUIVALENCE OF THE GRAVITATIONAL MASS AND THE INERTIAL MASS
Mass also experimentally causes time dilation (i.e. clocks run slower in the presence of a
gravitational field). The equivalence of the gravitational mass and the inertial mass,
m,/ m; = universal constant, which is predicted by Newton’s law of mechanics and gravitation is
experimentally confirmed to less 1 X 10™"' [36]. In physics, the discovery of a universal constant
often leads to the development of an entirely new theory. From the universal constancy of the
velocity of light, ¢ the special theory of relativity was derived; and from Planck’s constant /4,

the quantum theory was deduced. Therefore, the universal constant m,/m, should be the key to

the gravitational problem. The energy equation of Newtonian gravitation is
1 , GMm 1 , GMm
E=—mv — =—mv, — = constant (169)
2 r 2 7,

Since 4, the angular momentum per unit mass, is
h=L/m=rxv|=ry,sing

the eccentricity e may be written as

2GM )\ ©visin® ¢,
e=[1+[v2— j L ] (170)
0 "b GZMZ

where m is the inertial mass of a particle, v, is the speed of the particle, 7, is the distance of the

particle from a massive object, ¢ is the angle between the direction of motion of the particle and
the radius vector from the object, and M is the total mass of the object (including a particle).
The eccentricity e given by Newton’s differential equations of motion in the case of the central

field permits the classification of the orbits according to the total energy £ [37] (column 1) and

the orbital velocity squared, vé, relative to the gravitational velocity squared, [37]
T
(column 2):
2GM
E<0 v < G e<l ellipse
%
2GM
E<O vg < e=0 circle (special case of ellipse)
0
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E=0 Vo e=1 parabolic orbit
1o
2GM . .
E>0 j > e>1 hyperbolic orbit (171)
"o

CONTINUITY CONDITIONS FOR THE PRODUCTION OF A PARTICLE FROM A
PHOTON TRAVELING AT LIGHT SPEED
A photon traveling at the speed of light gives rise to a particle with an initial radius equal

to its Compton wavelength bar.

,,:xczi:,,* (172)

me “
The particle must have an orbital velocity equal to Newtonian gravitational escape velocity v, of

the antiparticle.

2Gm  |2Gm,
= = 173
Vs J r J Ao (173)

The eccentricity is one. The orbital energy is zero corresponding to conservation of energy. The

particle production trajectory is a parabola relative to the center of mass of the antiparticle.

A Gravitational Field as a Front Equivalent to Light Wave Front
The particle with a finite gravitational mass gives rise to a gravitational field that travels

out as a front equivalent to a light wave front. The form of the outgoing gravitational field front

traveling at the speed of light is 1 (t —1) ,and d7’ is given by
c
1 _
de’ = f(r)dt’ —— [f(r) 'dr’ + 7 d& +  sin’ t9d¢2] (174)
c

The speed of light as a constant maximum as well as phase matching and continuity conditions

of the electromagnetic and gravitational waves require the following form of the squared

displacements:
(cT) + (vgt)2 = (ct)’ (175)
f(r)=[1 —(%} j (176)

In order that the wave front velocity does not exceed ¢ in any frame, spacetime must undergo
time dilation and length contraction due to the particle production event. The derivation and
result of spacetime time dilation is analogous to the derivation and result of special relativistic
time dilation wherein the relative velocity of two inertial frames replaces the gravitational

velocity.
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The general form of the metric due to the relativistic effect on spacetime due to mass m,
with v, given by Eq. (173) is
-1
i 2 1
dr’ ( (—&) jdt - {(1— (3&) j dr’ +r’d& +r sin’ 6U¢2J (177)
c

The gravitational radius, r,, of each orbitsphere of the particle production event, each of mass

m,, and the corresponding general form of the metric are respectively
2Gm,

Te=""72 > (178)
C
il 1
dr’ _( —&)dt - L( -&) dr’ +r’d6” +r’sin’ g’ J (179)
r r
The metric g, for non-Euclidean space due to the relativistic effect on spacetime due to mass
m, 1s
—(1 - 2(;2””0] 0 0 0
cr B
0 iz[l - 2G2m°j 0 0
8 = ¢ cr | (180)
0 0 = 0
‘ 1
0 0 0 —7r’sin’@
¢

Masses and their effects on spacetime superimpose. The separation of proper time

between two events x* and x" + dx” is

2GM)d 1 r(l— ZCGT) dr’ +r’d@ +r sin’ Hd¢2} (181)

dr’ _\1_

The Schwarzschild metric (Eq. (181)) gives the relationship whereby matter causes relativistic

corrections to spacetime that determines the curvature of spacetime and is the origin of gravity.

Particle Production Continuity Conditions from Maxwell’s Equations, and the
Schwarzschild Metric
The photon to particle event requires a transition state that is continuous wherein the

velocity of a transition state orbitsphere is the speed of light. The radius, », is the Compton
wavelength bar, A ., given by Eq. (172). At production, the Planck equation energy, the electric

potential energy, and the magnetic energy are equal to mocz.
The Schwarzschild metric gives the relationship whereby matter causes relativistic

corrections to spacetime that determines the masses of fundamental particles. Substitution of
r=~k.;dr=0;d0=0; sin’ @ =1 into the Schwarzschild metric gives
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SEE

2 2
dr :dt[l _2Gm, —V—zj (182)
C

cr,

with v* =¢?, the relationship between the proper time and the coordinate time is
) ‘/2GM [2GM v,
T=1i = =

] =t =ti—+ 183
l 'k, e (183)

When the orbitsphere velocity is the speed of light, continuity conditions based on the constant

2 *
cr,

maximum speed of light given by Maxwell’s equations are mass energy = Planck equation

energy = electric potential energy = magnetic energy = mass/spacetime metric energy.

Therefore,
mocz = ha)* = V = Emag = Egpacetime (184)
S _ 5 h ,7& i
M = o' = —e — g g e ah R (185)
myh2 478K (2717”0) R. 1lsecV12Gm

The continuity conditions based on the constant maximum speed of light given by the

Schwarzschild metric are:

proper time _ gravitational wave condition _  gravitational mass phase matching
coordinate time  electromagnetic wave condition charge/inertial mass phase matching

2Gm
proper time .\ ¢’A..
=i

coordinate time o

=1

R |

(186)

MASSES OF FUNDAMENTAL PARTICLES

Each of the Planck equation energy, electric energy, and magnetic energy corresponds to
a particle given by the relationship between the proper time and the coordinate time [3]. The
electron and down-down-up neutron correspond to the Planck equation energy. The muon and

strange-strange-charmed neutron correspond to the electric energy. The tau and bottom-bottom-
top neutron correspond to the magnetic energy. The particle must possess the escape velocity v,

relative to the antiparticle where v, <c. According to Newton’s law of gravitation, the

eccentricity is one and the particle production trajectory is a parabola relative to the center of

mass of the antiparticle.

Electron and Muon Production
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A clock is defined in terms of a self consistent system of units used to measure the
particle mass3. The proper time of the particle is equated with the coordinate time according to
the Schwarzschild metric corresponding to light speed. The special relativistic condition

corresponding to the Planck energy (Eq. (185)) gives the mass of the electron [3].

h 2Gm’
2m— =sec ;271 (187)
mc ca'h
1 1
( ha )E( Ch)_“ 31
= — ] =9.0998X10° & 188
"= Geed/ oG g (188)
where 1, . eimena = 910945455 X107 kg

The special relativistic condition corresponding to the electric energy (Eq. (185)) gives
the mass of the muon [3].
m —E(;f =1.8874 X 10k, (189)
“ " ¢\ 2Gm, (asec) ' &

where m =1.88355 X10** kg. The difference between the calculated and experimental

experimental
values of the electron and muon masses are due to the slight difference between the present MKS
second and the definition of the corresponding time unit defined by Eq. (187). The relation
between the muon and electron masses which is independent of the definition of the imaginary
time ruler # given by Eq. (187) including the contribution of the neutrinos given in Chp. 27, the
Leptons section, of Ref. [3] is

- [az\é 1+27z7)
m, \2z) (1+%)

=206.76828 (206.76827) (190)

The experimental lepton mass ratios according to the 1998 CODATA and the Particle Data

Group are given in parentheses [38-39].

Down-Down-Up Neutron (DDU)
The corresponding equations for production of the members of the neutron family are
derived from the corresponding energies also [3]. For example, the mass of the neutron

comprised of down-down-up quarks given by the Planck energy is

3 Presently the second is defined as the time required for 9,192,631,770 vibrations within the cesium-133 atom.
The “sec” as defined in Eq. (187) is a fundamental constant, namely, the metric of spacetime (it is almost identically
equal to the present value for reasons explained in Ref. [3]). A unified theory can only provide the relationships
between all measurable observables in terms of a clock defined in terms of fundamental constants according to
those observables and used to measure them. The so defined “clock” measures “clicks” on an observable in one
aspect, and in another, it is the ruler of spacetime of the universe with the implicit dependence of spacetime on
matter-energy conversion as shown in the Relationship of Matter to Energy and Spacetime Expansion section.
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1 1
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My cateutated = (3)(2”)k - )Secc) 2(c3 ) =1.6726 X10" kg (192)
-27

where my,imena =1.6749 X 10" kg. The relation between the neutron and electron masses

which is independent of the definition of the imaginary time ruler # given by Eq. (187)

including the contribution of the neutrinos given in Chp. 30, the Quarks section, of Ref. [3] is
2

(1+ 2r—
my 127 BT 2) o (1838.68)
m, l-ala«a (1_2ﬂi\ (159)

2 )

The parameters of the nucleons and the beta decay energy of the neutron are given in the
Weak Nuclear Force: Beta Decay of the Neutron section and the Proton and Neutron section and
of Ref. [3], respectively.

GRAVITATIONAL POTENTIAL ENERGY
Three families of quarks are given by Eq. (191) with the corresponding energies given by

Eq. (185) [3]. The gravitational potential energy gives the possibility of a fourth family. The
gravitational radius, o or 7, of an orbitsphere of mass m,, is defined as

g = 1y =0 (194)
c
When 7, = r, = = %, the gravitational potential energy equals m,c’
G h
e = =k, =— (195)
myc’
2
g, =S _Om _Om o, (196)
r R v
The mass m, is the Planck mass, m,,
hic
M —m, =— 197
u 0 G ( )

The corresponding gravitational velocity, v, is defined as
:JGmO _ Gm, _ Gm, (198)
r K R

Relationship of the Equivalent Planck Mass Particle Production Energies
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For the Planck mass particle, the relationships corresponding to Eq. (185) are: (mass
energy = Planck equation energy = electric potential energy = magnetic energy = gravitational

potential energy = mass/spacetime metric energy)

mocz = hw* =V = Emag = Egruv = Espucetime (199)
ne = ho' = h22 g e’ - ﬁyoezfz: g ue’c® |Gm, ’hc oh ’chz
myh . Aze R Q27my ) ke 2h e VG 1sec\2Gm
(200)

These equivalent energies give the particle masses in terms of the gravitational velocity, v, and

the Planck mass, m,

Gm,
m, = o ,erzc % m, = e ,uoe ¢ (imo -1 ﬂoe cVg m =V—Gmu (201)
2h c cRe c c

Planck Mass Particles

A pair of particles each of the Planck mass corresponding to the gravitational potential

energy is not observed since the velocity of each transition state orbitsphere is the gravitational
velocity v, that in this case is the speed of light; whereas, the Newtonian gravitational escape
velocity v, is N2 the speed of light. In this case, an electromagnetic wave of mass energy

equivalent to the Planck mass travels in a circular orbit about the center of mass of another
electromagnetic wave of mass energy equivalent to the Planck mass wherein the eccentricity is

equal to zero and the escape velocity can never be reached. The Planck mass is a “measuring

. e h - : .
stick.” The extraordinarily high Planck mass ( Ec =2.18 X10™° kg) is the unobtainable mass

bound imposed by the angular momentum and speed of the photon relative to the gravitational
constant. It is analogous to the unattainable bound of the speed of light for a particle possessing

finite rest mass imposed by the Minkowski tensor.

Astrophysical Implications of Planck Mass Particles

The limiting speed of light eliminates the singularity problem of Einstein’s equation that
arises as the radius of a blackhole equals the Schwarzschild radius. General relativity with the
singularity eliminated resolves the paradox of the infinite propagation velocity required for the
gravitational force in order to explain why the angular momentum of objects orbiting a
gravitating body does not increase due to the finite propagation delay of the gravitational force
according to special relativity [40]. When the gravitational potential energy density of a massive

body such as a blackhole equals that of a particle having the Planck mass, the matter may
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transition to photons of the Planck mass. Even light from a blackhole will escape when the
decay rate of the trapped matter with the concomitant spacetime expansion is greater than the
effects of gravity which oppose this expansion. Gamma-ray bursts are the most energetic
phenomenon known that can release an explosion of gamma rays packing 100 times more energy
than a supernova explosion [41]. The annihilation of a blackhole may be the source of y -ray
bursts. The source may be due to conversion of matter to photons of the Planck mass/energy
which may also give rise to cosmic rays which are the most energetic particles known, and their
origin is also a mystery [42]. According to the GZK cutoff, the cosmic spectrum cannot extend
beyond 5X10" eV, but AGASA, the world’s largest air shower array, has shown that the
spectrum is extending beyond 10% eV without any clear sign of cutoff [43]. Photons, each of

the Planck mass, may be the source of these inexplicably energetic cosmic rays.

RELATIONSHIP OF MATTER TO ENERGY AND SPACETIME EXPANSION
The Schwarzschild metric gives the relationship whereby matter causes relativistic

corrections to spacetime. The limiting velocity ¢ results in the contraction of spacetime due to
particle production, which is given by 277, where r, is the gravitational radius of the particle.

This has implications for the expansion of spacetime when matter converts to energy. Q the

mass/energy to expansion/contraction quotient of spacetime is given by the ratio of the mass of a

particle at production divided by 7, the period of production.
3

k
=T o o - 322 X10% 2 (202)
T e ox Gmy — 4nG sec
c
c
The gravitational equations with the equivalence of the particle production energies (Eq. (185))
3
k
permit the conservation of mass/energy (E=mc’) and spacetime (4 G =3.22 x10™ —g).
Vs sec

With the conversion of 3.22 X 10 kg of matter to energy, spacetime expands by 1 sec. The
photon has inertial mass and angular momentum, but due to Maxwell’s equations and the
implicit special relativity it does not have a gravitational mass. The observed gravitational
deflection of light is predicted [3].

Cosmological Consequences

The Universe is closed (it is finite but with no boundary). 1t is a 3-sphere Universe-
Riemannian three dimensional hyperspace plus time of constant positive curvature at each r-
sphere. The Universe is oscillatory in matter/energy and spacetime with a finite minimum
radius, the gravitational radius. Spacetime expands as mass is released as energy which provides

the basis of the atomic, thermodynamic, and cosmological arrows of time. Different regions of
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space are isothermal even though they are separated by greater distances than that over which
light could travel during the time of the expansion of the Universe [44]. Presently, stars and
large scale structures exist which are older than the elapsed time of the present expansion as
stellar, galaxy, and supercluster evolution occurred during the contraction phase [45-51]. The

maximum power radiated by the Universe which occurs at the beginning of the expansion phase
5

C;zG =2.89 X 10’ . Observations beyond the beginning of the expansion phase are

s B,=

not possible since the Universe was entirely matter filled.

The Period of Oscillation of the Universe Based on Closed Propagation of Light
Mass/energy is conserved during harmonic expansion and contraction. The gravitational

potential energy E,,, given by Eq. (196) with m, =m,, is equal to m Ucz when the radius of the

Universe r is the gravitational radius 7,. The gravitational velocity v, (Eq. (198) with r =17,

and m, =m) is the speed of light in a circular orbit wherein the eccentricity is equal to zero and

the escape velocity from the Universe can never be reached. The period of the oscillation of the

Universe and the period for light to transverse the Universe corresponding to the gravitational

radius 7, must be equal. The harmonic oscillation period, 7, is
2, 22Gm, 27G(2X10* kg)

T= == - = 3.10X10"” sec =9.83 X 10" years (203)
Cc C Cc

where the mass of the Universe, m,,, is approximately 2 X 10** kg. (The initial mass of the

Universe of 2 X 10™ kg is based on internal consistency with the size, age, Hubble constant,
temperature, density of matter, and power spectrum.) Thus, the observed Universe will expand

as mass is released as photons for 4.92 X 10" years. At this point in its world line, the Universe

will obtain its maximum size and begin to contract.

THE DIFFERENTIAL EQUATION OF THE RADIUS OF THE UNIVERSE

Based on  conservation of mass/energy (E=mc’) and  spacetime
3

J
(= =322 x10* ££),

4 7G sec

The Universe behaves as a simple harmonic oscillator having a

restoring force, F, which is proportional to the radius. The proportionality constant, &, is given
in terms of the potential energy, £, gained as the radius decreases from the maximum expansion

to the minimum contraction.

E
v (204)
Since the gravitational potential energy E,, is equal to m,c’ when the radius of the Universe r

grav

is the gravitational radius 7,
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F=—kN=-T4N=—

~N (205)

And, c0n51der1ng the oscillation, the differential equation of the radius of the Universe, is

my, Nt L = mUm%N_o (206)

rG ( _mu)

2
c
The maximum radius of the Universe, the amplitude, r , of the time harmonic variation in
the radius of the Universe, is given by the quotient of the total mass of the Universe and Q ((Eq.

(202)), the mass/energy to expansion/contraction quotient.

2 X10°* k
2 _ My _ mgf = e g _ 1.97 X10" light years (207)
Q c c
4zG 47G

The minimum radius which corresponds to the gravitational radius, r,, given by Eq. (178)
with m, =m,, 1s

2
=29 5 96 X107 m =312 X 10" light years (208)

2
g c

When the radius of the Universe is the gravitational radius, r,, the proper time is equal to the

coordinate time by Eq. (183), and the gravitational escape velocity v, of the Universe is the

speed of light. The radius of the Universe as a function of time as shown in Figure 15 is

(N ( A ()

3 cmy, ch | 2m | 2Gm,, cm, | cmy | 2mt
N= (zjg 0 )~ COSL ZWGJ =12 + 2 J - COSL_Z”GmUJ (209)
c 47G)  4nG ¢

The expansion/contraction rate, N, as shown in Figure 16 is given by time derivative of
Eq. (209)

. 27t km
N= dzeX 107 sin — 210
LZ”GmuJ sec (210)
c3
THE HUBBLE CONSTANT
k
The Hubble constant is given by the ratio of the expansion rate given in units of =
sec

divided by the radius of the expansion in Mpc. The radius of expansion is equivalent to the
radius of the light sphere with an origin at the time point when the Universe stopped contracting

and started to expand.
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-3 . 27 km
. dm X 10 SIHL_MJ E
3
N c (211)
t Mpc t Mpc
For ¢ = 10" light years = 3.069 X 10° Mpc, the Hubble constant, H, , is
km
Hy =786 —— (212)
sec- Mpc
The experimental value [52] as shown in Figure 17 is
km
H, =80%+17 —— (213)
sec- Mpc

THE DENSITY OF THE UNIVERSE AS A FUNCTION OF TIME
The density of the Universe as a function of time p,(¢) given by the ratio of the mass as

a function of time and the volume as a function of time as shown in Figure 18 is

( A
ﬂLl—i— cosL—2 2(7;22‘ JJ
2 amy,
_mU(t): my, (1) _ c?
py(t)= V) 3 N T S . \\3, (214)

3 4 112Gmy, emy | cemy | 2m ||
37r|| c? PSR 27szUJ|
\ 4;:(;J 47G L ¢ /)

For t = 10" light years, p, =1.7X107 g/ cm3_ The density of luminous matter of stars and gas
of galaxies is about p, =2 X 107" g/cm’ [53-54].

THE POWER OF THE UNIVERSE AS A FUNCTION OF TIME, P, ()
From E = mc’ and Eq. (202),

TN
P()= 82G Ll +cos|L 2272’2 U 215)

For t=10" light years P,(t)=2.88 X10™ W. The observed power is consistent with that

predicted. The power of the Universe as a function of time is shown in Figure 19.
THE TEMPERATURE OF THE UNIVERSE AS A FUNCTION OF TIME

The temperature of the Universe as a function of time, T,(¢), as shown in Figure 20,

follows from the Stefan-Boltzmann law.
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The calculated uniform temperature is about 2.7 K which is in agreement with the observed

|( v T B@ T
| 1

microwave background temperature [44].

POWER SPECTRUM OF THE COSMOS

The power spectrum of the cosmos, as measured by the Las Campanas survey, generally
follows the prediction of cold dark matter on the scales of 200 million to 600 million light-years.
However, the power increases dramatically on scales of 600 million to 900 million light-years
[51]. This discrepancy means that the universe is much more structured on those scales than
current theories can explain.

The universe is oscillatory in matter/energy and spacetime with a finite minimum radius.
The minimum radius which corresponds to the gravitational radius, 7,, given by Eq. (208) is

3.12X10" lightyears. The minimum radius is larger than that provided by the current
expansion, approximately 10 billion light years [52]. The universe is a four dimensional
hyperspace of constant positive curvature at each r-sphere. The coordinates are spherical, and
the space can be described as a series of spheres each of constant radius » whose centers
coincide at the origin. The existence of the mass m,, causes the area of the spheres to be less
than 47" and causes the clock of each r-sphere to run so that it is no longer observed from other
r-spheres to be at the same rate. The Schwarzschild metric given by Eq. (181) is the general
form of the metric which allows for these effects. Consider the present observable universe that
has undergone expansion for 10 billion years. The radius of the universe as a function of time
from the coordinate r-sphere is of the same form as Eq. (209). The average size of the universe,

ry, 18 given as the sum of the gravitational radius, Ty and the observed radius, 10 billion light

ears.
g Ty =1, + 10" light yrs =3.12 X 10" light yrs + 10" light years =3.22 X 10" light yrs
(217)

The frequency of Eq. (209) is one half the amplitude of spacetime expansion from the
conversion of the mass of universe into energy according to Eq. (202). Thus, keeping the same
relationships, the frequency of the current expansion function is the reciprocal of one half the
current age. Substitution of the average size of the universe, the frequency of expansion, and the
amplitude of expansion, 10 billion light years, into Eq. (209) gives the radius of the universe as a

function of time for the coordinate r-sphere.
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27t
T ) light years (218)
5X10 llghtyearsj

N=3.22X10"-1x10" cos[

The Schwarzschild metric gives the relationship between the proper time and the

coordinate time. The infinitesimal temporal displacement, dz’, is given by Eq. (181). In the
case that dr’ =d@° =d¢’ =0, the relationship between the proper time and the coordinate time

1S

A7’ = (1—&2’"”)6# (219)
cr
T
r= 11— =2 (220)
r

The maximum power radiated by the universe is given by Eqgs. (215) which occurs when the
proper radius, the coordinate radius, and the gravitational radius r, are equal. For the present
universe, the coordinate radius is given by Eq. (217). The gravitational radius is given by Eq.
(208). The maximum of the power spectrum of a trigonometric function occurs at its frequency
[55]. Thus, the coordinate maximum power according to Eq. (218) occurs at 5 X 10° light years.

The maximum power corresponding to the proper time is given by the substitution of the
coordinate radius, the gravitational radius r,, and the coordinate power maximum into Eq. (220).

The power maximum in the proper frame occurs at
3.12 X 10" light years
3.22 X 10" light years (221)

r=5X10° lightyearSJl -

=880 X 10° light years

The power maximum of the current observable universe is predicted to occur on the scale of
880 X 10° light years. There is excellent agreement between the predicted value and the
experimental value of 600 -900 X 10° light years [51].

THE EXPANSION/CONTRACTION ACCELERATION, N

The expansion/contraction acceleration rate, N, as shown in Figure 21, is given by the
time derivative of Eq. (210).

o0 4 2721‘
N=27 < COS| 5
Gmy, = U gec

c3

2 j km

=H =787 cos( >
3.01 X10° Mpc

(222)
sec- Mpc

The differential in the radius of the Universe, AN, due to its acceleration is given by
AN =1/28¢*. The differential in expanded radius for the elapsed time of expansion,
t = 10" light years corresponds to a decease in brightness of a supernovae standard candle of

about an order of magnitude of that expected where the distance is taken as AX. This result
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based on the predicted rate of acceleration of the expansion is consistent with the experimental
observation [56-58].

Furthermore, the microwave background radiation image obtained by the Boomerang
telescope [59] is consistent with a Universe of nearly flat geometry since the commencement of
its expansion. The data is consistent with a large offset radius of the Universe with a fractional
increase in size since the commencement of expansion about 10 billion years ago. More details
on these results are given in the Differential Equation of the Radius of the Universe section of
Ref. [3].

POWER SPECTRUM OF THE COSMIC MICROWAVE BACKGROUND

When the universe reaches the maximum radius corresponding to the maximum
contribution of the amplitude, 7, , of the time harmonic variation in the radius of the universe,
(Eq. (207)), it is entirely radiation filled. Since the photon has no gravitational mass, the
radiation is uniform. As energy converts into matter the power of the universe may be
considered negative for the first quarter cycle starting from the point of maximum expansion as
given by Eq. (228), and spacetime contracts according to Eq. (202). The gravitational field from
particle production travels as a light wave front. As the universe contracts to a minimum radius,
the gravitational radius given by Eq. (208), constructive interference of the gravitational fields
occurs for distances which are integers of the amplitude, 7, of the time harmonic variation in the
radius of the universe for the times when the power is negative according to Eq. (228). The
resulting slight variations in the density of matter are observed from our present r-sphere. The
observed radius of expansion is equivalent to the radius of the light sphere with an origin at the
time point when the universe stopped contracting and started to expand. The spherical harmonic
parameter ¢ is given by the ratio of the amplitude, » , of the time harmonic variation in the
radius of the universe, (Eq. (207)) divided by the present radius of the light sphere where the
universe is a 3-sphere universe—Riemannian three dimensional hyperspace plus time of constant
positive curvature at each r-sphere. For ¢ =10" light years = 3.069 X 10’ Mpc, the fundamental
¢ is given by

2X10™ kg
3
C
1.97 X102 light
p=l_ 426G _ ST 197 (223)
t t 10" light years

The number of constructive interferences is given by the maximum integer of the ratio of the
amplitude, r , of the time harmonic variation in the radius of the universe, (Eq. (207)) divided by

0’

the minimum radius, the gravitational radius (Eq. (208)). The number of peaks are
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2 X10™ kg

3
c
Ty _ 471G L 97)(1012 light years 6356 (224)
r, 2Gmy; 3,12 X10' "light years
2
c

The peaks are predicted to occur at the fundamental plus harmonics of the fundamental—integer

multiples, n = 2,3,4,5, and 6, of the fundamental /7 =197.
0 =197 (fundamental)

(=197+nl197 n=273,4,5 and 6 (harmonics)
From Eq. (225), the predicted harmonic parameters ¢ are given in Table III.

(225)

The harmonic peaks correspond to the condition that the amplitude of the harmonic term
of the radius of the universe 7,(n) is a reciprocal integer that of the maximum amplitude 7, .

Thus, r,(n) is given by

2X10™ kg
3
C
1.97 X 10" light
n n

The power flow of radiant energy into mass decreases as the radius contracts, and the
relative intensities of the peaks follow from the power flow. The relative intensities are given by
the normalized power as a function of #(n), the time at which the magnitude of the amplitude of
the harmonic term of the radius of the universe 7,(n) is given by Eq. (226) corresponding to each

contracted radius at which constructive interference occurs. Starting the clock at the point of the
maximum expansion wherein the universe is entirely radiation filled and the CMB is uniform,

the time at which the magnitude of the amplitude of the harmonic term of the radius of the
universe r,(n) is given by Eq. (226) follows from Eq. (209).

1.97 X 10" 27t
r(n Ll R 197 X107 ¢ ( (nl)l ) light years
n n 9.83 X10'" yrs)
) (227)
t(n )—M "(—) yrs=1.564 X 10" cos‘l(l) yrs
n

The power of the universe as a function of time is given by Eq. (215) and is shown in Figure 19.
To express the negative power flow relative to the radiant energy of the universe corresponding
to the conversion of energy into matter, the power of the universe as a function of time may be

expressed as

Pu(t):

os( 27 ) w
9.83 X 10" yrs)

(228)
27t h

w
9.83 X 10" yrs)

P(1)=-2.9 X10" cos(
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where ¢=0 corresponds to the time when the universe reaches the maximum radius
corresponding to the maximum contribution of the amplitude, r,, of the time harmonic variation

in the radius of the universe, (Eq. (207)). At ¢ =0 as defined, the universe is entirely radiation
V4

filled, and the power into particle production is a maximum. At ¢ = 227[ according to

9.83 X 10" yrs

Eq. (228), particle production is in balance with matter to energy conversion, and the latter
dominates for the following half cycle.

The relative intensities are given by substitution of Eq. (227) into Eq. (228) that is
normalized by the magnitude of the maximum power which occurs at the maximum radius.

Thus, the relative intensities are given by

(27[(1.564)( IOMCOSI(l) yrs}\| |
I(n)= cos — 7 =— (229)
t 9.83 X 10" yrs | n
)

The relative intensities /(n) as a function of peak n are given in Table III.

The cosmic microwave background radiation is an average temperature of 2.7 K, with
deviations of 30 or so K in different parts of the sky representing slight variations in the
density of matter. The measurements of the anisotropy in the Cosmic Microwave Background
(CMB) have been measured with the Degree Angular Scale Interferometer (DASI) [60]. The
angular power spectrum was measured in the range 100 < /<900, and peaks in the power
spectrum from the temperature fluctuations of the cosmic microwave background radiation
appear at certain values of ¢ of spherical harmonics. Peaks were observed at ¢~ 200, ¢~ 550,
and 7/~ 800 with relative intensities of 1, 0.5, and 0.3, respectively (Figure 1 of Ref. [60]).
There is excellent agreement between the predicted parameters given in Table III and the

observed peaks.

THE PERIODS OF SPACETIME EXPANSION/CONTRACTION AND PARTICLE
DECAY/PRODUCTION FOR THE UNIVERSE ARE EQUAL

The period of the expansion/contraction cycle of the radius of the Universe, T, is given
by Eq. (203). It follows from the Poynting power theorem with spherical radiation that the
transition lifetimes are given by the ratio of energy and the power of the transition (Egs. (98-

99)). Exponential decay applies to electromagnetic energy decay

ht)= e “u(t)=e " ult) (230)
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The coordinate time is imaginary because energy transitions are spacelike due spacetime
expansion from matter to energy conversion. For example, the mass of the electron (a
fundamental particle) is given by

27k, 27k, O
== _; 231
G , i sec (231)

%

where v, is Newtonian gravitational velocity (Eq. (173)). When the gravitational radius r, is the

g

radius of the Universe, the proper time is equal to the coordinate time by Eq. (183), and the
gravitational escape velocity v, of the Universe is the speed of light. Replacement of the

coordinate time, ¢, by the spacelike time, if, gives

h(t) = Re[e%t] - cos27”r (232)

where the period is 7" (Eq. (203)). The continuity conditions based on the constant maximum
speed of light (Maxwell’s equations) are given by Egs. (184-185). The continuity conditions
based on the constant maximum speed of light (Schwarzschild metric) are given by Eq. (186).
The periods of spacetime expansion/contraction and particle decay/production for the Universe
are equal because only the particles which satisfy Maxwell’s equations and the relationship

between proper time and coordinate time imposed by the Schwarzschild metric may exist.

WAVE EQUATION
The general form of the light front wave equation is given by Eq. (165). The equation of

the radius of the Universe, , may be written as

| 2Gmy - cmy, cmy, 2 ( §j
N= 2 + il e cos 2AGm, t—c , (233)
47G)  4nG ¢’

which is a solution of the wave equation for a light wave front.
CONCLUSION
Maxwell’s equations, Planck’s equation, the de Broglie equation, Newton’s laws, and

special, and general relativity are unified. Classical physical laws apply on all scales.

APPENDIX: DERIVATION OF THE SPIN FUNCTION—THE ORBITSPHERE
EQUATION OF MOTION FOR { =0

Stern-Gerlach-Experiment Boundary Condition
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It is known from the Stern-Gerlach experiment that a beam of silver atoms is split into
two components when passed through an inhomogeneous magnetic field. This implies that the

electron is a spin 1/2 particle with an intrinsic angular momentum in the direction of the applied

field (spin axis) of iz, and the magnitude of the angular momentum vector which precesses

about the spin axis is J;h Furthermore, the magnitude of the splitting implies a magnetic

moment of ,, a full Bohr magneton, given by Eq. (54) corresponding to 7 of total angular
momentum on the axis of the applied field.

The algorithm to generate the Y,’(¢,8) orbitsphere equation of motion of the electron
(Egs. (14-15)) is developed in this section. It was shown in the Angular Functions section that
the integral of the magnitude of the angular momentum over the orbitsphere must be constant.

The constant is % as given by Eq. (7). It is shown in this section that the projection of the

intrinsic orbitsphere angular momentum onto the spin axis is J_rE , and the projection onto S, the

axis which precesses about the spin axis, is 7 with a precessing component in the perpendicular

3 : . h .
plane of J%h and a component on the spin axis of iE. Thus, the mystery of an intrinsic

h : .
angular momentum of iE and a total angular momentum in a resonant RF experiment of L, = 7

is resolved since the sum of the intrinsic and spin-axis projection of the precessing component is
n. The Stern-Gerlach experiment implies a magnetic moment of one Bohr magneton and an

associated angular momentum quantum number of 1/2. Historically, this quantum number is

1 1
called the spin quantum number, s (s = 3 ;m, = iz ), and that designation is maintained.

The electron has a measured magnetic field and corresponding magnetic moment of a
Bohr magneton and behaves as a spin 1/2 particle or fermion. For any magnetic field, the
solution for the corresponding current from Maxwell’s equations is unique. Thus, the electron
field requires a unique current according to Maxwell’s equations. Several boundary conditions
must be satisfied, and the orbitsphere equation of motion for £ = 0 is solved as a boundary value

problem. The boundary conditions are:
(1) each infinitesimal point (position) on the orbitsphere comprising a charge (mass)-
density element must have the same angular and linear velocity given by Egs. (6) and (9),

respectively;

(2) according to condition 1, every such infinitesimal point must move along a great

circle and the current-density distribution must be uniform,;
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(3) the electron magnetic moment must align completely parallel or antiparallel with an

applied magnetic field in agreement with the Stern-Gerlach experiment;

(4) according to condition 3, the projection of the intrinsic angular momentum of the

orbitsphere onto the z-axis must be iz , and the projection into the transverse plane must be

h
iz to achieve the spin 1/2 aspect;

(5) the Larmor excitation of the electron in the applied magnetic field must give rise to a

component of electron spin angular momentum that precess about the applied magnetic field

such that the contribution along the z-axis is iz and the projection onto the orthogonal axis

3
which precesses about the z-axis must be iJ;h ;

(6) due to conditions 4 and 5, the angular momentum components corresponding to the
current of the orbitsphere and that due to the Larmor precession must rise to a total angular

momentum on the applied-field axis of +7;

(7) due to condition 6, the precessing electron has a magnetic moment of a Bohr

magneton, and

(8) the energy of the transition of the alignment of the magnetic moment with an applied
magnetic field must be given by Egs. (64-65) corresponding to the extended electron having

a total angular momentum on the applied-field axis of t7.

Consider the derivation of Egs. (1.58) and (1.59) of Ref. [3]. The moment of inertia of a

2
point particle is mr>, and that of a globe spinning about some axis is /= 5 mr®. For § =0, the

electron mass and charge are uniformly distributed over the orbitsphere, a two-dimensional,

spherical shell, but the orbitsphere is not analogous to a globe. The velocity of a point mass on a

spinning globe is a function of &, but the magnitude of the velocity at each point of the

orbitsphere is not a function of €. To picture the distinction, it is a useful concept to consider

that the orbitsphere is comprised of an infinite number of point elements that move on the
spherical surface. Then, each point on the sphere with mass m, has the same angular velocity
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(®,), the same magnitude of linear velocity (v, ), and the same moment of inertia (mlrj). The

motion of each point of the orbitsphere is along a great circle, and the motion along each great
circle is correlated with the motion on all other great circles such that the sum of all the
contributions of the corresponding angular momenta is different from that of a point or globe.
The orbitsphere angular momentum is uniquely directed disproportionately along two orthogonal
axes.

The current-density function of the orbitsphere is generated from a basis set current-
vector field defined as the orbitsphere current-vector field (“orbitsphere-cvf”). This in turn is
generated from orthogonal great circle current loops that serve as basis elements. Due to the
symmetry properties of the angular-momentum components and the corresponding current of the
orbitsphere-cvf, a uniform current distribution having the same angular momentum components
as that of the orbitsphere-cvf is obtained by convolving the orbitsphere-cvf about its resultant
angular momentum axis. This uniform current density function comprises Y,’(¢,6), the
orbitsphere equation of motion of the electron (Egs. (14-15)). Then, the uniform, equipotential
charge-density function of the orbitsphere having only a radial discontinuous field at the surface
according to Eq. (1) of footnote 8 of Ref. [3] is constant in time due to the motion of the current
along great circles. The current flowing into any given point of the orbitsphere equals the
current flowing out to satisfy the current continuity condition, V-J = 0.

The current-vector field pattern of the orbitsphere-cvf is not spatially uniform. There is
no coincidence or nonuniqueness of elements of the current-vector field. But, there are many
crossings among elements at single points on the two dimensional surface of the electron, and
the density of the crossings is nonuniform over the surface. Thus, each element of the basis set
to generate the current pattern, a great circle current loop, must be one dimensional so that the
crossings are zero dimensional with no element interaction at their crossing. (This is a logical
and necessary geometric progression for the construction of a fundamental particle which is two-
dimensional.) In the limit, the basis set generates a continuous two-dimensional current density
with a constant charge (mass) density wherein the crossings have no effect on the vector fields.
Each one-dimensional element is independent of the others, and its contribution to the angular
momentum and magnetic field independently superimposes with that of the others.

This unique aspect of a fundamental particle has the same properties of the superposition
properties of the electric and magnetic fields of a photon. As shown in the Excited States of the
One-Electron Atom (Quantization), the Creation of Matter from Energy, Pair Production, and the
Leptons sections of Ref. [3], the angular momentum in the electric and magnetic fields is
conserved in excited states and in the creation of an electron from a photon in agreement with
Maxwell’s equations. It is useful to regard an electron as a photon frozen in time. The particle-

production conditions are given in the latter sections.
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The equation of motion for each charge-density element (and correspondingly for each
mass-density element) which gives the current pattern of the orbitsphere-cvf is generated in two

steps as follows:

Here a procedure is used to generate the current pattern of the orbitsphere-cvf from which
the physical properties are derived in the Spin Angular Momentum of the Orbitsphere with

% = 0 section and are shown to match the boundary conditions.

The current-density of the orbitsphere-cvf is continuous, but it may be modeled as a
current pattern comprising a superposition of an infinite series of correlated orthogonal great
circle current loops. The time-independent current pattern is obtained by defining a basis set for
generating the current distribution over the surface of a spherical shell of zero thickness. As
such a basis set, consider that the electron current is first evenly distributed within two
orthogonally linked great-circle current loops. These loops will be further divided into two sets
of linked orthogonal pairs wherein each pair undergoes independent transformations over the
surface wherein the electron current is correspondingly divided by the number of basis loops,
four, and then by the angular span of the transformations to form a normalized current density in
each case. The continuous uniform electron current density function Y,’(¢#,8) (Egs. (14-15)) is
then generated from this orbitsphere-cvf as a basis element wherein the superposition of the
orbitsphere-cvf elements must be normalized to give the electron current.

The stationary or laboratory Cartesian coordinate system for the first step, Step One, of
the algorithm to generate the orbitsphere-cvf is shown in Figure 22 as the xyz-system. It is also
designated the orbitsphere-cvf reference frame. The primed coordinate system is the stationary
frame for the basis elements wherein a first current loop always lies in the y'z'-plane, and a
second current loop always lies in the x'z'-plane. The primed coordinates are only coincident
with the corresponding xyz-coordinates for the initial positions as shown in Figure 22 since the
current density pattern is generated by a series of transformations of the primed coordinates
relative to the unprimed coordinates. Each successive transformation of the primed system
defines an orientation of the basis set in the x'y'z'-frame relative to the xyz-frame that comprises
a current element of the current density pattern.

Rotations and reflections are the transformations on the surface of a sphere that may be
used to generate the orbitsphere-cvf. The orbitsphere-cvf is simply generated by two steps, each
comprising an infinite series of nested rotations of the two orthogonal great circle current loops
each by an infinitesimal angle +Aqa, and tAcq, about the new i'-axis and new j'-axis,
respectively, which results from the preceding such rotation. Each orientation following the

conjugate 1' and j' rotation of the two orthogonal great circle current loops wherein the first

59



current loop lies in the j'k'-plane, and the second current loop lies in the i'k'-plane is an element
of the infinite series wherein for Step One 1'=x', j'=y', k'=z' and for Step Two 1'=Z, j'=x', k'=y".

For Step One, the first such pair of orthogonal great circle current loops is shown in
Figure 22. The second element of the series is generated by rotation of the first element by an
infinitesimal angle =A¢ . about the first x'-axis followed by a rotation by the infinitesimal angle
tAa, about the new (second) y'-axis to form a second x'-axis. The third element of the series is
generated by the rotation of the second element by the same infinitesimal angle A« . about the
second x'-axis followed by the rotation by the same infinitesimal angle +Aa, about the new
(third) y'-axis. In general, the (n +1)th element of the series is generated by the rotation of the
nth basis coordinate system by the infinitesimal angle A« . about the nth x'-axis followed by
the rotation of the nth orbitsphere-cvf coordinate system by the infinitesimal angle tAa, about

the (n +1)th new y'-axis.
The sign of the corresponding angle is maintained throughout the rotations, and the

summation of the reiterative rotations about each of the i'-axis and the j'-axis is
£

-_—

2
IAai.JI 2
lim A, j,l = 7 when the k'-axis rotates from the k-axis to the -k-axis. (The total angle,
Aa—>0 ;=1

2
77[, is the hypotenuse of the triangle having the sides of 75[ radians corresponding to i'-axis

rotations and 5 radians corresponding to j'-axis rotations.) Step One and Step Two comprise the

use of A, and Aa; as given in Table IV.

Next, consider two infinitesimal charge (mass)-density elements at two separate positions
or points, one and two, of the two orthogonal great circle current loops that serve as the basis set
as shown in Figures 22 and 23. The vector projection of the corresponding angular momentum
at each point of each current element is integrated over the entire orbitsphere-cvf surface to give
the electron angular momentum. The correct current pattern is confirmed by achieving the

condition that the magnitude of the velocity at any point on the surface is given by Eq. (6) and by

obtaining the required angular momentum projections of > and 1 along and the z-axis and

along an axis in the xy-plane, respectively, as given in the Spin Angular Momentum of the
Orbitsphere with = 0 section.

Thus, the orbitsphere-cvf is generated from two orthogonal great circle current loops
which are rotated about the nth i'-axis and then about the (# +1)th j'-axis in Two Steps. For Step

One, consider two charge (mass)-density elements, point one and two, in the basis-set reference
frame at time zero. Element one is at x'=0, »'=0, and Z =r, and element two is at x'=r ,

y'=0,and 2 =0. Let element one move on a great circle counter clockwise toward the -y'-axis,
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as shown in Figure 22, and let element two move clockwise on a great circle toward the z'-axis,
as shown in Figure 22. The equations of motion, in the sub-basis-set reference frame are given
by

point one:
x'1 =0 y'l =—r sin(, 1) 2'1 =r, cos(®, 1) (234a)

point two:
xiz =r, cos(w 1) y'2 =0 2'2 =r, sin(w 1) (234b)

For Step Two, consider two charge (mass)-density elements, point one and two, in the
basis-set reference frame at time zero. Element one is at x'=0, )'=r, , and z=0 and element

twoisat x'=r,, y'=0,and z =0. Let element one move clockwise on a great circle toward the
-7'-axis as shown in Figure 23, and let element two move counter clockwise on a great circle
toward the y'-axis as shown in Figure 23. The equations of motion, in the basis-set reference

frame are given by

point one:
x'1 =0 y'1 =r,cos(®, 1) z'1 =—r sin(@, 1) (235a)

point two:
x'2 =7 cos(® 1) y'2 =r sin(a 1) 2'2 =0 (235b)

The great circles are rotated by an infinitesimal angle =A¢;, (a rotation around the x'-axis
or z'-axis for Steps One and Two, respectively) and then by A« (a rotation around the new y'-

axis or x'-axis for Steps One and Two, respectively) where the positive directions are shown in
Figures 22 and 23, respectively. The coordinates of each point on each rotated great circle
(x'y',Z") is expressed in terms of the first (x,y,z) coordinates by the following transforms where

clockwise rotations are defined as positive:
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Step One

- {cos(Aay) 0 —sm(Aa )” 0 0 1|fx'7
[y |=I 0 1 0 H cos(Aax) sin(Aa )Hy‘ I
LZ J Lsin(Aay) cos(Aa )J 0 —sin(Aax) cos(Aa )JLZ' |

|rcos( ) sm(Aa )sm(Aa ) —51qAa )cos(Aa |
[y |=: 0 cos(Aax) sm(Aax) I
Lsin(Aay) —cos(Aay) sin(Aax) cos(Aay) cos(Aoc)C )

[ x|
;
z' |
(236a)

Step Two
cos(Aa ) sm(Aa )O |Dﬂ
sm(Aa ) cos(Aa )O |

0 0 1 J 12

2N L
[y l=10 cos(Aax) sin(Aax)

2] |

[ |
|
I
LO —sin(Aax) cos(Aax)J

:
|
|-
|
i

x] | cos(Aar ) sin(Aca_) 0 2
| _ . NN
LyJ:—cos(Aax)sm(AaZ) cos(Aax):os(AaZ) Sln(AO!x)l YV
z |Lsin(Aozx)sin(AozZ) —sin(Aa )cos(Aa) cos(Aax)J |2 |
(236b)
L,
where the angular sumis iy Z |Aa |=%7r.

The orbitsphere-cvf is given by n reiterations of Eqgs. (236a) and (236b) for each point on

each of the two orthogonal great circles during each of Steps One and Two where the sign of
tAq, and tAq; for each Step are given in Table IV. The output given by the non-primed
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coordinates is the input of the next iteration corresponding to each successive nested rotation by
the infinitesimal angle +Ac¢, or A« where the magnitude of the angular sum of the n

2
rotations about each of the i'-axis and the j'-axis is 772 Half of the orbitsphere-cvf is

generated during each of Steps One and Two.

Thus, in the limit as the number of nested conjugate rotations n goes to infinity and the
incremental rotation angles +A¢, and +Aq; each go to zero, the orbitsphere-cvf is generated
from two orthogonal great circle current loops which are rotated about the nth i'-axis and then
about the (n+1)th j'-axis until the k'-axis coincides with the -k-axis in two separate
implementations of the algorithm comprising the Two Steps. Each Step involves a unique
combination of the initial direction of the angular momentum vectors and orientation of the
incremental rotation angles as summarized in Table IV. In the case of the nth element of Step
One, the intersection of the two orthogonal great circle current loops occurs at the nth z'-axis
which is along a great circle in a half-plane that is parallel with the z-axis and bisects the -x+y-
quadrant of Figure 22. The nested rotations is also equivalent to rotating the orthogonal-great-
circle basis set about the axis (ix,iy,OiZ) by an angle 7. In the case of the nth element of Step
Two, the intersection of the two orthogonal great circle current loops occurs at the nth y'-axis
which is along a great circle in a half-plane that is parallel with the y-axis and bisects the -x-z-

quadrant of Figure 23. The nested rotations is also equivalent to rotating the orthogonal-great-
circle basis set about the axis (—ix,Oiy ,iz) by an angle -7 .

Following Step Two, in order to match the boundary condition that the magnitude of the
velocity at any given point on the surface is given by Eq. (6), the output half of the orbitsphere-
cvf is rotated clockwise by an angle of 72[ about the z-axis. Using Eq. (236b) with Aa., = 14[ and

Aa, =0 gives the rotation. Then, the one half of the orbitsphere-cvf generated from Step One
is superimposed with the complementary half obtained from Step Two following its rotation

. %4 : .
about the z-axis of Z to give the orbitsphere-cvf.

The current pattern of the orbitsphere-cvf generated by the nested rotations of the
orthogonal great circle current loops is a continuous and total coverage of the spherical surface,
but it is shown as a visual representation using 6 degree increments of the infinitesimal angular
variable £Aq, and +Aq; of Egs. (236a) and (236b) from the z-axis perspective in Figure 2.
The complete orbitsphere-cvf current pattern corresponds to all the correlated points, points one

and two, of the orthogonal great circles shown in Figures 22 and 23 which are rotated according
to Egs. (236a) and (236b) where tAq, and *Aa; approach zero and the summation of the

infinitesimal angular rotations of +Ae, and +Ac; about the successive i'-axes and j'-axes is
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2 D
77[ for each Step. The pattern also represents the momentum-vector field which is not

equivalent to the mass (charge) density which for Y0°(¢, @) is uniform. Thus, the patterns

represent the directions of the nonuniform flow of the uniform and constant mass and charge
distribution of YOO(¢, 0). The resultant angular momentum vector of the L, and L,

components of the orbitsphere-cvf, L, is aligned along the z-axis, and the orbitsphere-cvf
serves as a basis element to generate Y00(¢, 0) by its convolution about the z-axis axis as

visually represented in Figure 1.

SPIN ANGULAR MOMENTUM OF THE ORBITSPHERE WITH { =0

As demonstrated in Figures 2, 22 and 23, the orbitsphere-cvf is generated from two
orthogonal great circle current loops which are rotated about the nth i'-axis and then about the
(n+1)th j'-axis in Two Steps of the series of n nested conjugate rotations. Next, consider two
infinitesimal charge (mass)-density elements at two separate positions or points, one and two, of
the two orthogonal great circle current loops that serve as the sub-basis set as shown in each of
Figures 22 and 23. The vector projection of the corresponding angular momentum at each point
of each current element is integrated over the entire orbitsphere-cvf surface to give the
corresponding electron angular momentum. The correct current pattern is confirmed by

achieving the condition that the magnitude of the velocity at any point on the surface is given by

Eq. (6) and by obtaining the required angular momentum projections of > and 7 along and the

z-axis and along an axis in the xy-plane, respectively, to satisfy the Stern-Gerlach-experimental

boundary condition.

The mass density, 2 <, of the orbitsphere of radius r, is uniform; however, the
7

projections of the angular momenta of the great circle current loops of the orbitsphere onto the z-
axis and onto the xy-plane are not. The resultant vectors can be derived by considering the
contributions of the momenta corresponding to the two orthogonal great circle current loops of
Figures 22 and 23 as each basis set generates the current pattern of the orbitsphere-cvf in the
Two Steps. The electron current, and thus, the momentum is first evenly distributed within the

n;e . The total sum of the

two orthogonally linked great-circle current loops each with a of mass

magnitude of the angular momentum from the contributions from all of the infinitesimal points

on the orbitsphere is 7 (Eq. (7)). Thus, the angular momentum of each great circle at this point

18 > The planes of the great circles are oriented at an angle of 3 with respect to each other,

and the resultant angular momentum is E in the plane transverse to the axis on which they
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intersect. These loops are further divided into two sets of linked orthogonal pairs that undergo
the independent transformations over the surface during Steps One and Two where the electron

momentum and mass is correspondingly divided again by two. Thus, the angular momentum of
h

each great circle of each algorithmic Step is ! and the resultant angular momentum is m in
the transverse plane. In cases where the angular momentum vectors are rotated relative to the
xyz-coordinate system during the algorithm, the angular momenta are then divided by the
angular span of the rotation to form normalized momentum densities corresponding to the
normalized current densities. Half of the angular momentum is distributed over the orbitsphere-
cvfin Step One and the other half is distributed in Step Two.

Consider the vector current directions shown in Figure 22. During Step One, Aer, and

Aa, are both positive, and the resultant angular momentum vector of magnitude m moves

along a half a great circle in the plane that is parallel to the z-axis and bisects the +x-y-quadrant
and the -x+y-quadrant. The trajectory of the resultant angular momentum vector from the xy-
plane to the z-axis and back to the xy-plane is shown in Figure 24 where the angle 6 of the
resultant angular momentum vector from the initial xy-plane position varies from 6 =0 to
0 = . Here it can be appreciated that the vector projections onto the z-axis all add positively

and the vector projections into the xy-plane sum to zero. With the initial direction defined as

ositive, the projection in the lane varies from a maximum of f to zero to U The
itive, i Xy- \% Ximu —= toz —=.

P pro) Y NG NP
projection onto the z-axis varies from zero to a maximum of m to zero again. In each case,
the projection of the angular momentum is periodic over the angular range of #. The total of

each projection, L, and L_, is the integral as a function of & of the magnitude of the resultant

vector of the two orthogonal angular momentum component vectors corresponding to the two
orthogonal great circles. For Step One, the vector projection of the angular momentum onto the

xy-plane is given by sum of the vector contributions from each great circle:

2 2
J. cos6’ +|_Ecos6’ j cosH h cosH—| do
L 4 L4 7]
(237a)
7] 1 7] 1

222 W2 2

where each angular integral is normalized by, % , the angular range of . Similarly, the vector

projection of the angular momentum onto the z-axis as shown in Figure 24 is
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1e(n . T [n. T noo1
L =,—|/=sinf, +,=sinf | df=—pF —==— 237b
: \/ 21130+ 5] (370)
where each angular integral is normalized by, 7, the angular range of 6.
Consider the vector current directions shown in Figure 23. During Step Two, Aca. is

negative, A« is positive, and the nested rotations causes the orthogonal great-circle basis set to

h h
rotate about the vector (—Z ix,Oiy,Ziz). Thus, the resultant angular momentum vector of
magnitude m is stationary throughout the nested rotations that transform the axes as given in

Table IV. Then, the 72[ rotation of about the z-axis following Step Two only rotates L by the

same angle in the xy-plane such that the component is oriented along the bisector of the -x+y-

quadrant as shown in Figure 23. Thus, the resultant angular momentum component of Step Two

that is transverse to the z-axis, L., is in the direction of (—i i Oiz) which is also the direction

xoy?
of the trajectory of the angular momentum component vectors of Step One as shown in Figure
24. The resultant angular momentum projections are as given in Figure 23:

L =

Xy

| =

(238a)

L N

L =

z

(238b)

The total vector projection of the angular momentum onto the xy-plane given by the sum
of Egs. (237a) and (238a) is

L, = 0+%:§ (239a)
The total vector projection of the angular momentum into the z-axis given by the sum of Egs.
(237b) and (238b) is

L =22k (239b)

4 4 2

The trajectories of the angular momenta and the resultant projections, L, and L_, given

in Table IV have been confirmed by computer simulations [61]. These results meet the
boundary condition for the unique current having an angular velocity magnitude at each point on
the surface given by Eq. (6) and give rise to the Stern Gerlach experiment as shown infra., in the
Magnetic Parameters of the Electron (Bohr Magneton) section, and in the Electron g Factor
section. The further constraint that the current density is uniform such that the charge density is
uniform, corresponding to an equipotential, minimum energy surface, is satisfied by the using

orbitsphere-cvf as a basis element to generate YO0 (9,0).

The angular momentum is constant with respect to rotation of the orbitsphere-cvf about
the axis of the resultant angular momentum vector, L. In this case, the corresponding
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component angular momentum L, is rotationally constant about the xy-axis; thus, the
corresponding L, and L, components are rotationally constant about the x-and y-axes,
respectively. The component L is further rotationally constant about the z-axis. The constancy
of the angular momentum with respect to rotation about each of the principal axes determines
that the corresponding rotational symmetry of each axes is C, . Since (1) the angular momentum
density is distributed uniformly over the great circles that serve as basis elements to generate the
orbitsphere-cvf, (2) the current is perpendicular to the corresponding angular momentum
component, (3) only xy-components of angular momentum canceled during Step One, and (4)
the xy-components that canceled in Step One did so symmetrically along L,,, an operator exists
that transforms the orbitsphere-cvf into a spatially uniform distribution while maintaining the
resultant angular momentum vector, L. Thus, the orbitsphere-cvf serves a basis element to
generate YOO((,/ﬁ, @), the orbitsphere equation of motion of the electron (Egs. (14-15)) to give rise
to electron spin.

Since the angular momentum is generated using rotations of great circle current loops
that are mutually orthogonal to the angular momentum components and to each other, and the

nested rotations gives a continuous and total coverage of the spherical surface, the orbitsphere-
cvf has the origin as an inversion center (C,) as shown in Figure 2. Due to this symmetry feature

of the currents as well as the rotational symmetry of the angular momentum components (C, ),
the convolution of the orbitsphere-cvf with a sphere aligned on the L -axis over the spherical-
coordinate angular span ¢=0 to ¢=27x gives rise to a current density having a rotational
symmetry of C_ about each of the x, y, and z axes. The inversion center insures that there exists
a plane of symmetry of o, for each C,. Thus, there are coC, axes perpendicular to each C,. A
current distribution with this symmetry must belong to the spherically-symmetric point group.
The same result can be obtained from considerations of the symmetry point group of the
orbitsphere-cvf with respect to L, and the result of a continuous superposition over a 27
rotation of the orbitsphere-cvf about L.

The convolution of the orbitsphere-cvf (defined by the symbol O(iq,@,go)) about L, with

the a constant sphere at the origin is given by the
1
1,'(4.0) = 5—00;,0.0)® (4~ ¢)
m
. (239¢)
1
V(4.0) =5 =001, 0.0)[ 59— Y9
m 0

The current pattern generated by the convolution of the orbitsphere-cvf with a sphere is a
continuous, uniform, and total coverage of the spherical surface, but a visual representation is

achieved by using the orbitsphere-cvf as a basis set and superimposing the orbitsphere-cvf
elements formed by infinitesimal angular rotations about L such that the angular sumis 27.
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From Egs. (239a) and (239b), the resultant angular momentum vector L, has magnitude
5h 3
J_T along the direction of the spherical-coordinate angles € =0.4636 rad , ¢:7ﬁ rad. To

perform the rotation about L, the orbitsphere-cvf is first rotated counter clockwise about the
vector (i i Oiz) by an angle —0.4636 rad using Eq. (236a) wherein A, and A, . are each

X2y

—\5(0.4636) rad to align L, with the z-axis. Next, a series of n rotations are performed about

2
the z-axis using Eq. (236b) wherein Aca, = +q—7z (¢=0,1,2,3,4..n)and Ac,. =0 to form n+1
n

orbitsphere-cvf elements. The superposition of the elements is normalized by n+ 1 and the final
uniform orbitsphere designated YOO(¢, 0) is rotated clockwise about the vector (i i Oiz) by an

xoy?
angle 0.4636 rad using Eq. (236a) wherein Aa, and A, are each +42(0.4636) rad. Then,
the electron current, Y00(¢, 0), is a continuous uniform superposition of an infinite number of the

orbitsphere-cvf basis element onto and over a two-dimensional surface wherein each
orbitsphere-cvf is aligned on the L -axis and the orbitsphere-cvf is a two-dimensional vector

field comprised of an infinite number of one-dimensional great circles having zero-dimensional
crossings.

The Stern Gerlach experiment described below demonstrates that the magnetic moment
of the electron can only be parallel or antiparallel to an applied magnetic field. In spherical

coordinates, this implies a spin quantum number of 1/2 corresponding to an angular momentum

on the z-axis of E . However, the Zeeman splitting energy corresponds to a magnetic moment of

M, and implies an electron angular momentum on the z-axis of 7#—twice that given by Eq. (234-
239). Consider the case of a magnetic field applied to the orbitsphere. The magnetic moment

corresponding to the angular momentum along the z-axis results in the alignment of the z-axis of

the orbitsphere with the magnetic field while the 7 resultant vector in the xy-plane causes

precession about the applied field. The precession frequency is the Larmor frequency given by

the product of the gyromagnetic ratio of the electron, 2i , and the magnetic flux B [62]. The
m

precessing electron can interact with a resonant photon that gives rise to Zeeman splitting—
energy levels corresponding to parallel or antiparallel alignment of the electron magnetic

moment with the magnetic field. The energy of the transition between these states is that of the

resonant photon. The angular momentum of the precessing orbitsphere comprises the initial B

projection on the z-axis and the initial Z vector component in the xy-plane that then precesses

about the z-axis. As shown in the Excited States of the One-Electron Atom (Quantization)

section of Ref. [3], conservation of the angular momentum of the photon of 7 gives rise to 7 of

68



electron angular momentum. The parameters of the photon standing wave for the Zeeman effect
are given in the Magnetic Parameters of the Electron (Bohr Magneton) section and the Boundary

Conditions of the Electron in a Magnetic Field are Met section.

The angular momentum of the orbitsphere in a magnetic field comprises the static >

n
projection on the z-axis (Eq. (239b)) and the Z vector component in the xy-plane (Eq. (239a))

that precess about the z-axis at the Larmor frequency. A resonant excitation of the Larmor
precession frequency gives rise to a trapped photon with # of angular momentum along a

precessing S-axis. In the coordinate system rotating at the Larmor frequency (denoted by the

axes labeled X,, Y,, and Z, in Figure 25), the X,-component of magnitude g and S of
magnitude % are stationary. The Z angular momentum along X, with a corresponding
magnetic moment of % (Eq. (295)) causes S to rotate in the Y, Z,-plane to an angle of & :%Z
such that the torques due to the Z,-component of g and the orthogonal X,-component of % are

balanced. Then the Z,-component due to S is ihcos%[ = iz . The reduction of the magnitude

h
of S along Z, from 7 to 5 corresponds to the ratio of the X,-component and the static Z-

h h
4. Since the X,-component is e the Z,-component of S is > which adds

1
component of 5

DO | S |

to the initial 5 component to give a total Z,-component of 7.

4 The torque balance can be appreciated by considering that S is aligned with Z » if the X, -component is zero,
and the three vectors are mutually orthogonal if the X,-component is —. The balance can be shown by

considering the magnetic energies resulting from the corresponding torques when they are balanced. Using Egs.
(290) and (292), the potential energy £, due to the projection of S’s angular momentum of # along Z r having

5 of angular momentum is

1 1
E, = uyBcosf= 'UBE B, cosH:Eha)HB cosd (FN 4.1)

where B 1y 1 the flux due to a magnetic moment of a Bohr magneton and @ iy 18 the corresponding gyromagnetic

frequency. The application of a magnetic moment along the X,-axis causes S to precess about the Z, and X,-

axes. In the X, Y, Z,-frame rotating at @, , S precesses about the X, -axis. The corresponding precession

y7:

energy E x, Of S about the X -component of Z is the corresponding Larmor energy
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. : V4
In summary, since the vector S that precesses about the z-axis at an angle of 6= 3 and

an angle of ¢ =§ with respect to L given by Eq. (239a) and has a magnitude of 7, the S

projections in the X, Y, -plane and along the Z,-axis are

3
S, = hsm%Z =iJ2h i, (240a)

3

S, =%hcos— = iE i, (240b)

3 f
The plus or minus sign of Egs. (240a) and (240b) corresponds to the two possible vector
orientations which are observed with the Stern-Gerlach experiment described below. The sum of
the torques in the external magnetic field is balanced unless an RF field is applied to cause a
Stern-Gerlach transition as discussed in the Boundary Conditions of the Electron in a Magnetic
Field are Met section.

As shown in Figure 26, S forms a cone in time in the nonrotating laboratory frame with
an angular momentum of 7 that is the source of the known magnetic moment of a Bohr

magneton (Eq. (295)) as shown in the Magnetic Parameters of the Electron (Bohr Magneton)

section. The projection of this angular momentum onto the z-axis of E adds to the z-axis

component before the magnetic field was applied to give a total of 7. Thus, in the absence of a

resonant precession, the z-component of the angular momentum is 5, but the excitation of the

precessing S component gives i—twice the angular momentum on the z-axis. In addition,

rather than a continuum of orientations with corresponding energies, the orientation of the

1
E, = ~2 ho,, (FN 4.2)

The energy EZR of the magnetic moment corresponding to S rotating about Z, having E of angular momentum is

the corresponding Larmor energy:

1
E, =7 ho,, (FN 4.3)

At torque balance, the potential energy is equal to the sum of the Larmor energies:

1)

(1 1 h 1
E, +E, :hkz —Z)a)ﬂg ZELI —%wa zzhwﬂg cos® (FN 4.4)
2

T
Balance occurs when & = — . Thus, the intrinsic torques are balanced. Furthermore, energy is conserved relative

to the external field as well as the intrinsic, Z, and X,-components of the orbitsphere, and the Larmor

relationships for both the gyromagnetic ratio and the potential energy of the resultant magnetic moment are satisfied
as shown in the Boundary Conditions of the Electron in a Magnetic Field are Met section.
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magnetic moment must be only parallel or antiparallel to the magnetic field. This arises from
conservation of angular momentum between the “static” and “dynamic” z-axis projections of the
angular momentum with the additional constraint that the angular momentum has a “kinetic” as

well as a “potential” or vector potential component. To conserve angular momentum, flux

linkage by the electron is quantized in units of the magnetic flux quantum, @, = >0’ as shown in
e

the Boundary Conditions of the Electron in a Magnetic Field are Met section and in the Electron

. . . 1 1
g Factor section. Thus, the spin quantum number is s = E; m, = iE , but the observed Zeeman

splitting corresponds to a full Bohr magneton due to 7# of angular momentum. This aspect was
historically felt to be inexplicable in terms of classical physics and merely postulated in the past.

The demonstration that the boundary conditions of the electron in a magnetic field are
met appears in the Boundary Conditions of the Electron in a Magnetic Field are Met section.

The observed electron parameters are explained physically. Classical laws give 1.) a

B
gyromagnetic ratio of 2i, 2.) a Larmor precession frequency of ;—, 3.) the Stern-Gerlach
m m

experimental result of quantization of the angular momentum that implies a spin quantum

. h .
number of 1/2 corresponding to an angular momentum of > on the z-axis, and 4.) the observed

o ) eh .
Zeeman splitting due to a magnetic moment of a Bohr magneton z, = corresponding to an

e

angular momentum of % on the z-axis. Furthermore, the solution is relativistically invariant as
shown in the Special Relativistic Correction to the Ionization Energies section of Ref. [3]. Dirac
originally attempted to solve the bound electron physically with stability with respect to
radiation according to Maxwell’s equations with the further constraints that it was relativistically
invariant and gave rise to electron spin [19]. He was unsuccessful and resorted to the current
mathematical-probability-wave model that has many problems as discussed previously [5, 63]
and in Chp. 1, Appendix II of Ref. [3].

MAGNETIC PARAMETERS OF THE ELECTRON (BOHR MAGNETON)

The Magnetic Field of an Orbitsphere from Spin
The orbitsphere with /= 0 is a shell of negative charge current comprising correlated
charge motion along great circles. The superposition of the vector projection of the orbitsphere

angular momentum on the z-axis is 5 with an orthogonal component of Z As shown in the

Orbitsphere Equation of Motion for /= 0 section, the application of a magnetic field to the

orbitsphere gives rise to a precessing angular momentum vector S directed from the origin of the
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orbitsphere at an angle of 6= 13[ relative to the applied magnetic field. The precession of S with

an angular momentum of 7% forms a cone in the nonrotating laboratory frame to give a

perpendicular projection of S, ==+ Zh (Eq. (240a)) and a projection onto the axis of the applied
magnetic field of S, = J_rz (Eq. (240b)). The superposition of the > z-axis component of the

orbitsphere angular momentum and the > z-axis component of S gives 7 corresponding to the

observed magnetostatic electron magnetic moment of a Bohr magneton. The % of angular

momentum along S has a corresponding precessing magnetic moment of 1 Bohr magneton [64]:

h e
9274 X107 JT" (241)
2m

e

Hpg =

The rotating magnetic field of S is discussed in the Boundary Conditions of the Electron in a
Magnetic Field are Met section. The magnetostatic magnetic field corresponding to g, derived

below is given by

h
H=—"(i cos@—i,sing) forr<r, (242)
me n
eh . ..
H= - (i,2cos@+i,sin@) forr>r, (243)
2m,r

It follows from Eq. (241), the relationship for the Bohr magneton, and relationship between the
magnetic dipole field and the magnetic moment m [65] that Eqgs. (242) and (243) are the
equations for the magnetic field due to a magnetic moment of a Bohr magneton, m = i, where
i,=1.cos@—i,sin §. Note that the magnetic field is a constant for » <r, . See Figure 6. It is

shown in the Magnetic Parameters of the Electron (Bohr Magneton) section that the energy
stored in the magnetic field of the electron orbitsphere is
e’
E =—5 3 (244)

mag,total
me r 1

Derivation of the Magnetic Field
For convenience the angular moment vector with a magnitude in the stationary frame of
h will be defined as the z-axis as shown in Figure 6 5. The magnetic field must satisfy the

following relationships:

5 As shown in the Boundary Conditions of the Electron in a Magnetic Field are Met section, the angular
momentum of 7 on the S-axis is due to a photon standing wave that is phase-matched to a spherical harmonic

source current, a spherical harmonic dipole Y/m (9, ¢) =sin @ with respect to the S-axis. The dipole spins about
the S-axis at the angular velocity given by Eq. (9). Since the field is magnetostatic in the RF rotating frame, the
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V-H =0 in free space (245)

nX(H, -H,)=K (246)
n-(H, —H,)=0 (247)
H=-Vy (248)

Since the field is magnetostatic, the current is equivalent to current loops along the z-axis. Then,
the z-component of the current, i, for a current loop of total charge, e, oriented at an angle @

with respect to the z-axis is given by the product of the charge, the angular velocity given by Eq.

(9), and sin @ where the projection of the current of the orbitsphere perpendicular to the z-axis
which carries the incremental current, iy, is a function of sin@.

h
| =—"sin 6 (249)

e n

The angular function of the current-density of the orbitsphere is normalized by the geometrical
factor N [66] given by

3

3
= - 4 = 250
: > (250)

corresponding to the angular momentum of 7#. (Eq. (250) can also be expressed in spherical
coordinates for the density of a uniform shell divided by the integral in & and ¢ of that of a

8
spherical dipole squared [67]. The integration gives ?ﬁ which normalized by the uniform mass

. . : 2\ ,
density factor of 47 gives the geometrical factor of (;) ) The current-density Ki, along the z-

axis having a vector orientation perpendicular to the angular momentum vector is given by
dividing the magnitude of ii, (Eq. (249)) by the length r,. The current-density of the orbitsphere

in the incremental length dz is

K(p.g2) =i N—2 =, 2 251)
mp, 2 m,r,
Because
z=rcosd (252)
the differential length is given by
dz = —sin6r do0 (253)

current is equivalent to current loops along the S-axis. Thus, the derivation of the corresponding magnetic field is
the same as that of the stationary field given in this section.
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and so the current-density in the differential length  d6 as measured along the periphery of the

orbitsphere is a function of sin@ as given in Eq. (249). From Eq. (251), the surface current-

density function of the orbitsphere about the z-axis (S-axis) is given by

3 en .
K(r,0,0) = i,>——sin 0 (254)
2 m,r,
Substitution of Eq. (254) into Eq. (246) gives
3 en
H -H ==—sino (255)
2 myr,

To obtain H,, the derivative of Y with respect to € must be taken, and this suggests that the 6
dependence of Y be taken as cos@. The field is finite at the origin and is zero at infinity; so,
solutions of Laplace’s equation in spherical coordinates are selected because they are consistent
with these conditions [68].

T LA ; r<r, (256)
Lr]

Y= Al_ﬁ—| cosd ; r>r (257)
L r ] "

The negative gradients of these potentials are

H=_—C(irc0s9—igsin6’) forr<r, (258)
r}'l
A |_’;1 —|3 O 3 ]

H =15 ] (i,2cos@+i,sinf) forr>r, (259)
r,Lr

The continuity conditions of Eqs. (246), (247), (254), and (255) are applied to obtain the

following relationships among the variables

-C 24

—~—_zZ (260)

rn rn

A C 3 eh

e (261)

r, r, 2mr,

Solving the variables algebraically gives the magnetic fields of an electron:

h

H=—"(i cosO—i,sing) forr<r (262)
eh_ . o

H= T (i,2cos@+iysinf) forr>r, (263)

r

e
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The field is that of a Bohr magneton which matches the observed boundary conditions given in
the Orbitsphere Equation of Motion for /= 0 section including the required spherical symmetry.
The demonstration that the boundary conditions of the electron in a magnetic field are met

appears in the Boundary Conditions of the Electron in a Magnetic Field are Met section.

Derivation of the Energy

The energy stored in the magnetic field of the electron is

2nmw o
E.== ,uo j J’ J.H r sin 8drd 6d® (264)
2 000
Emag total — Emag external +Emag internal (265)
2rrx V] eh —| , L, )
ag internal = .” j (cos 6+ sin er sin Bdrd0d® (266)
000 m rl
2rp e’
S =
e "1
1o e T
E =— 4cos’ @+ sin” O sin Qdrd Odd 268
mag external 2/uo J(; B[J.Lzmerl J ( jl" r ( )
2h2
_ _72'/106 (269)
Sme r’
2au e’ mue’h’
mag total = 3 2.3 2.3 (270)
m,r, 3m,r,
232 2
e h”  Amup
mag total = 2 3 £ (271)

- 3
m,n h

BOUNDARY CONDITIONS OF THE ELECTRON IN A MAGNETIC FIELD ARE MET
As shown in the Electron g Factor section, when a magnetic field with flux B is applied
to an electron in a central field which comprises current loops, the orbital radius of each does not

change due to the Lorentzian force provided by B, but the velocity changes as follows [69]:
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erB

Av= (272)
2m,
corresponding to precession frequency of
A B
w=—"=——=yB (273)
ro 2m

where y, is the electron gyromagnetic ratio and o is the Larmor frequency. Eq. (272) applies to

the current perpendicular to the magnetic flux. In this case, the moment of inertia / of the

orbitsphere due which is independent of and superimposes the spin moment of inertia is
2
I = 5 m, ]/1'2 (274)

since the charge (mass) is uniformly distributed on a spherical surface [66]. From Egs. (273) and
(274), the corresponding angular momentum L and rotational energy E, , are

2
L=lo=3 my’y B (275)
and
1 2 1 2 2
Erut = Ela) = g merl (76’8) (276)
respectively. The change in the magnetic moment corresponding to Eq. (272) is [69]:
2.2
Am=-<1B 277)
4m,
Using Eqgs. (273-277), in the case of a very strong magnetic flux of 10 T applied to atomic
hydrogen:
®=8.794 X 10" rad -sec” (278)
I=1.701X10"" kg-m’ (279)
L=1496 X107 J-s (280)
E  =6576X107"J=4104X10" eV (281)
and
Am=1315X10"J.T" (282)

where the radius is given by Eq. (76) and 2/3, the geometrical factor of a uniformly charged
sphere [66], was used in the case of Eq. (282). Thus, these effects of the magnetic field are very

small when they are compared to the intrinsic angular momentum of the electron of

L=h=1.055X10""J-s (283)
The electronic angular frequency of hydrogen given by Eqgs. (9) and (76)
h 4
o =——=4.134 X 10" rad - sec™ (284)
m.h

the total kinetic energy given by Eq. (78)
T = 13.606 eV (285)

and the magnetic moment of a Bohr magneton given by Eq. (241)
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eh
2m

e

Ly = =9274 X107 Jr”" (286)

E

rot

is the energy that arises due to the application of the external flux B. Thus, the external

work required to apply the field is also given by Eq. (281). Since the orbitsphere is uniformly
charged and is superconducting, this energy is conserved when the field is removed. It is also
independent of the direction of the magnetic moment due to the intrinsic angular momentum of
the orbitsphere of 7. The corresponding magnetic moment given by Eq. (277) does not change
when the intrinsic magnetic moment of the electron changes orientation. Thus, it does not
contribute to the energy of a spin-flip transition observed by the Stern Gerlach experiment. It
always opposes the applied field and gives rise to the phenomenon of the diamagnetic
susceptibility of materials which Eq. (277) predicts with very good agreement with observations
[69]. Eq. (277) also predicts the absolute chemical shifts of hydride ions that match
experimental observations as shown in the Hydrino Hydride Ion Nuclear Magnetic Resonance
Shift section of Ref. [3].

As shown in the Spin Angular Momentum of the Orbitsphere with £= 0 section, the

angular momentum of the orbitsphere in a magnetic field comprises the initial 5 projection on

the z-axis and the initial P vector component in the xy-plane that precesses about the z-axis. A

resonant excitation of the Larmor precession frequency gives rise to an additional component of
angular momentum which is consistent with Maxwell’s equations. As shown in the Excited
States of the One-Electron Atom (Quantization) section of Ref. [3], conservation of the % of
angular momentum of a trapped photon can give rise to % of electron angular momentum along
the S-axis. The photon standing waves of excited states are spherical harmonic functions which
satisfy Laplace’s equation in spherical coordinates and provide the force balance for the
corresponding charge (mass) density waves. Consider the photon in the case of the precessing
electron with a Bohr magneton of magnetic moment along the S-axis. The radius of the
orbitsphere is unchanged, and the photon gives rise to current on the surface that satisfies the
condition
V-J=0 (287)

corresponding to a rotating spherical harmonic dipole [70] that phase-matches the current (mass)
density of Eq. (254). Thus, the electrostatic energy is constant, and only the magnetic energy
need be considered as given by Eqgs. (290-292). The corresponding central field at the
orbitsphere surface given by the superposition of the central field of the proton and that of the
photon follows from Eqgs. (2.10-2.17) of Ref [3]:

E= _47f:or2 %) ©.0)i, + Re{y (0.0)e™ Ji,5(—1,)] (288)
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where the spherical harmonic dipole ¥"(6,4)=sin@ is with respect to the S-axis. The dipole

spins about the S-axis at the angular velocity given by Eq. (9). The resulting current is
nonradiative as shown by Eq. (17) and in Chp. 1, Appendix I of Ref. [3]. Thus, the field in the
RF rotating frame is magnetostatic as shown in Figure 6 but directed along the S-axis.
However, the precessing dipole results in magnetic dipole radiation or absorption during a Stern-
Gerlach transition. The application of a magnetic field causes alignment of the intrinsic electron
magnetic moment of atoms of a material such that the population of electrons parallel versus
antiparallel is a Boltzmann distribution which depends on the temperature of the material.
Following the removal of the field, the original random-orientation distribution is restored as is
the original temperature. The distribution may be altered by the application of an RF pulse at the
Larmor frequency.

The application of a magnetic field with a resonant Larmor excitation gives rise to a

precessing angular momentum vector S of magnitude 7 directed from the origin of the

orbitsphere at an angle of & :i; relative to the applied magnetic field. S rotates about the axis

of the applied field at the Larmor frequency. The magnitude of the components of S that are
. h 3 .
parallel and orthogonal to the applied field (Eqs (240a-240b)) are > and J;h, respectively.

Since both the RF field and the orthogonal components shown in Figure 25 rotate at the Larmor
frequency, the RF field that causes a Stern Gerlach transition produces a stationary magnetic

field with respect to these component as described by Patz [71].
The component of Eq. (240b) adds to the initial > parallel component to give a total of 7%

in the stationary frame corresponding to a Bohr magneton, z,, of magnetic moment. Egs. (273)
and (277) also hold in the case of the Stern Gerlach experiment. Superposition holds for
Maxwell’s equations, and only the angular momentum given by Egs. (234-239) and the source
current corresponding to Eq. (288) need be considered. Since it does not change, the
diamagnetic component given from Eq. (272) does not contribute to the spin-flip transition as
discussed supra. The potential energy of a magnetic moment m in the presence of flux B [64]
is
E=m-B (289)

The angular momentum of the electron gives rise to a magnetic moment of z,. Thus, the energy
AE™" to switch from parallel to antiparallel to the field is given by Eq. (308)

mag

AE™ =2 u,i, B =2u,Bcos @=2u,B (290)

mag
In the case of an applied flux of 10 T, Eq. (290) gives
AE™" =1.855 X102 J=1.158X10"eV (291)

mag
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AE™" is also given by Planck’s equation. It can be shown from conservation of angular

mag
momentum considerations (Egs. (293-299)) that the Zeeman splitting is given by Planck’s
equation and the Larmor frequency based on the gyromagnetic ratio (Eq. (273)). The electron’s
magnetic moment may only be parallel or antiparallel to the magnetic field rather than at a
continuum of angles including perpendicular according to Eq. (289). No continuum of energies
predicted by Eq. (289) for a pure magnetic dipole are possible. The energy difference for the
magnetic moment to flip from parallel to antiparallel to the applied field is
AE" =2ho=1.855 X107 =1.158X10" eV (292)

corresponding to magnetic dipole radiation.

h
As demonstrated in the Orbitsphere Equation of Motion for /= 0 section, > of the

orbitsphere angular momentum designated the static component is initially parallel to the field.

An additional > parallel component designated the dynamic component comes from the 7 of

angular momentum along S. The angular momentum in the presence of an applied magnetic
field is [72]

L=rx(m,v+eA) (293)
where A is the vector potential evaluated at the location of the orbitsphere. The circular integral
of A is the flux linked by the electron. During a Stern-Gerlach transition a resonant RF photon
is absorbed or emitted, and the 7 component along S reverses direction. It is shown by Egs.
(296-299) that the dynamic parallel component of angular momentum corresponding to the

vector potential due to the lightlike transition is equal to the “kinetic angular momentum”

(r xmv) of 5 Conservation of angular momentum of the orbitsphere requires that the static
angular momentum component concomitantly flips. The static component of angular momentum
undergoes a spin flip, and concomitantly the “potential angular momentum” (r x eA) of the

h
dynamic component must change by > due to the linkage of flux by the electron such that the

total angular momentum is conserved.
In spherical coordinates, the relationship between the vector potential A and the flux B
is
2mrd= m’B (294)
Eq. (294) can be substituted into Eq. (293) since the magnetic moment m is given [64] as

charge - angular momentum

m (295)

2 - mass

and the corresponding energy is consistent with Egs. (290) and (292) in this case as follows:
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h

_e(r x eA) _ ez _ My (296)
2m 2m 2

e e

Am =

The boundary condition that the angular momentum is conserved is shown by Egs. (305-
307). It can be shown that Eq. (296) is also consistent with the vector potential along the axis of

the applied field [72] given by
Va eh 1 eh
A =cos— y,—sinth, = y,—— sinbi 297
3ﬂo2mr21 ¢ 'u022mr2 ¢ (297)
Substitution of Eq. (297) into Eq. (296) gives

ofr x ey, Eﬁsin a,)

e e

Am = . :_ir,uoeﬂ eh
2m 2 L2merJ2me

e

(298)

with the geometrical factor of 2/3 [66] and the current given by Eq. (254). Since k is the
lightlike k°, then k = @, /¢ corresponding to the RF photon field. The relativistic corrections of

Eq. (298) are given by Egs. (1.218) and (1.219) of Ref. [3] and the relativistic radius r = &,

given by Eq. (1.217) of Ref. [3]. The relativistically corrected Eq. (298) is

el We_h:&

1
Am = ——= (2ra 299
2( ) L2m8aa0J2me 2 (299)

The magnetic flux of the electron is given by
VxA=B (300)
Substitution of Eq. (297) into Eq. (300) gives 1/2 the flux of Eq. (263).
From Eq. (295), the > of angular momentum before and after the field is applied

corresponds to an initial magnetic moment on the applied-field-axis of %. After the field is

applied, the contribution of % from Eq. (296) with Eq. (294) gives a total magnetic moment

along the applied-field-axis of y,, a Bohr magneton, wherein the additional contribution (Eq.
(295)) arises from the angular momentum of % on the S-axis. Thus, even though the magnitude

of the vector projection of the angular momentum of the electron in the direction of the magnetic

field is > the magnetic moment corresponds to 7 due to the B contribution from the dynamic

component, and the quantized transition is due to the requirement of angular momentum
conservation as given by Eq. (295).
Eq. (289) implies a continuum of energies; whereas, Eq. (296) shows that the static-

kinetic and dynamic vector potential components of the angular momentum are quantized at 5

Consequently, as shown in the Electron g Factor section, the flux linked during a spin transition

is quantized as the magnetic flux quantum:
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O, =— 301
05 (301)
Only the states corresponding to
=+— 302
m, =+ (302)

are possible due to conservation of angular momentum. It is further shown using the Poynting
Power vector with the requirement that flux is linked in units of the magnetic flux quantum, that
the factor 2 of Egs. (290) and (292) is replaced by the electron g factor.

ELECTRON g FACTOR
As demonstrated by Purcell [62], when a magnetic field is applied to an electron in a
central field which comprises a current loop, the orbital radius does not change, but the velocity

changes as follows:
erB
Av=

2m,

(303)

This corresponds to diamagnetism and gives rise to precession with a corresponding resonance
as shown in the Boundary Conditions of the Electron in a Magnetic Field are Met section. The

angular momentum in the presence of an applied magnetic field is [62]
L=rx(m,v+eA) (304)

where A is the vector potential evaluated at the location of the orbitsphere. Conservation of

angular momentum of the orbitsphere permits a discrete change of its “kinetic angular

momentum” (r x mv) with respect to the field of 3 and concomitantly the “potential angular

h
momentum” (r x eA) must change by —E. The flux change, ¢, of the orbitsphere for » <r, is

determined as follows [62]:

Ang—rxeA (305)
[h 2mdl,
127 I (306)
_[h_edl].
T2 2 f (307)

: h
In order that the change in angular momentum, AL, equals zero, ¢ must be @, =20 the
e

magnetic flux quantum. Thus, to conserve angular momentum in the presence of an applied
magnetic field, the orbitsphere magnetic moment can be parallel or antiparallel to an applied
field as observed with the Stern-Gerlach experiment, and the flip between orientations is

accompanied by the “capture” of the magnetic flux quantum by the orbitsphere “coils”
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comprising infinitesimal loops of charge moving along geodesics (great circles). A
superconducting loop with a weak link also demonstrates this effect [73].

The energy to flip the orientation of the orbitsphere due to its magnetic moment of a Bohr
magneton, £, is

AED" =2 41,B (308)
where
eh
py = (309)
2m,

During the spin-flip transition, power must be conserved. Power flow is governed by the
Poynting power theorem,

E - 2l 1911 oowl v,
VeExH)=-— —uHeH -— —sEeE|-JeE (310)

Stored Magnetic Energy

Energy superimposes; thus, the calculation of the spin-flip energy is determined as a sum
of contributions. The energy change corresponding to the “capture” of the magnetic flux
quantum is derived below. From Eq. (271) for one electron,

l/l H. H Eﬂuxun _ ﬂﬂoezhz

5 as (311)

(me)Zrn3
is the energy stored in the magnetic field of the electron. The orbitsphere is equivalent to a
Josephson junction which can trap integer numbers of fluxons where the quantum of magnetic

h
flux is @, = 5 Consider Eq. (311). During the flip transition a fluxon treads the orbitsphere at
e

the speed of light; therefore, the radius of the orbitsphere in the lab frame is 27 times the
relativistic radius in the fluxon frame as shown in the Special Relativistic Correction to the

Ionization Energies section of Ref. [3]. Thus, the energy of the transition corresponding to the

“capture” of a fluxon by the orbitsphere, E,f;’;"", is
232
fluxon ﬂllloe h
=0 312
T nGm) o
2
e eh j( h ]
= 313
4x’mr, [Zm 2enr,’ (313)
2
_ue (@
VY m,r, BK ) (314)

where A is the area and @ is the magnetic flux quantum.

N
e 2meI;1J47r

; 1,B (315)
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where the nth fluxon treading through the area of the orbitsphere is equivalent to the applied
magnetic flux. Furthermore, the term in brackets can be expressed in terms of the fine structure

constant, « ,as follows:
eu, ey

= (316)
2m,r,  2m,vrc
Substitution of Eq. (6) gives
2 2
2m,,  2hc
Substitution of
1
c= |— (318)
g()ﬂ()
and
2
Uec
o =" 319
7 (319)
gives
2
LY oras (320)
2hc c
The fluxon treads the orbitsphere at v =¢ (k is the lightlike k°, then k = @, /c). Thus,
uxon a
Epe" =2 B (321)
Stored Electric Energy

The superposition of the vector projection of the orbitsphere angular momentum on the z-

axis is 5 with an orthogonal component of Z . Excitation of a resonant Larmor precession gives

. . . . T
rise to 7 on an axis S that precesses about the spin axis at an angle of = g S rotates about

. C ,3
the z-axis at the Larmor frequency. S, the transverse projection, is * Zh (Eq. (240a)), and S,
h
the projection onto the axis of the applied magnetic field, is iE (Eq. (240b)). As shown in the
h
Spin Angular Momentum of the Orbitsphere with ¢ = 0 section, the superposition of the > z-

axis component of the orbitsphere angular momentum and the > z-axis component of S gives 7

corresponding to the observed electron magnetic moment of a Bohr magneton, x,. The

reorientation of S and the orbitsphere angular momentum from parallel to antiparallel to the

magnetic field applied along the z-axis gives rise to a current. The current is acted on by the flux
corresponding to @, the magnetic flux quantum, linked by the electron during the transition
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which gives rise to a Hall voltage. The electric field corresponding to the Hall voltage
corresponds to the electric power term, g[—; g,E OE}, of the Poynting power theorem (Eq.
(310)).

Consider a conductor in a uniform magnetic field and assume that it carries a current
driven by an electric field perpendicular to the magnetic field. The current in this case is not
parallel to the electric field, but is deflected at an angle to it by the magnetic field. This is the
Hall Effect, and it occurs in most conductors.

A spin-flip transition is analogous to Quantum Hall Effect given in the corresponding
section of Ref. [3] wherein the applied magnetic field quantizes the Hall conductance. The
current is then precisely perpendicular to the magnetic field, so that no dissipation (that is no
ohmic loss) occurs. This is seen in two-dimensional systems, at cryogenic temperatures, in quite
high magnetic fields. Furthermore, the ratio of the total electric potential drop to the total

current, the Hall resistance, R,,, is precisely equal to
h

R,=— (322)
ne

The factor n is an integer in the case of the Integral Quantum Hall Effect, and » is a small
rational fraction in the case of the Fractional Quantum Hall Effect. In an experimental plot [74]
as the function of the magnetic field, the Hall resistance exhibits flat steps precisely at these
quantized resistance values; whereas, the regular resistance vanishes (or is very small) at these
Hall steps. Thus, the quantized Hall resistance steps occur for a transverse superconducting
state.

Consider the case that an external magnetic field is applied along the x-axis to a two
dimensional superconductor in the yz-plane which exhibits the Integral Quantum Hall Effect.
(See Figure 27.) Conduction electrons align with the applied field in the x direction as the field
permeates the material. The normal current carrying electrons experience a Lorentzian force,
F,, due to the magnetic flux. The y-directed Lorentzian force on an electron having a velocity
v in the z direction by an x-directed applied flux, B, is

F,=evxB (323)
The electron motion is a cycloid where the center of mass experiences an E x B drift [75].
Consequently, the normal Hall Effect occurs. Conduction electron energy states are altered by

the applied field and by the electric field corresponding to the Hall Effect. The electric force,
F,,, due to the Hall electric field, E , is

F, =¢E (324)

y
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When these two forces are equal and opposite, conduction electrons propagate in the z direction
alone. For this special case, it is demonstrated in Jackson [75] that the ratio of the corresponding
Hall electric field E,, and the applied magnetic flux is

E,/B=v (325)
where v is the electron velocity. And, it is demonstrated in the Integral Quantum Hall Effect

section of Ref. [3] that the Hall resistance, R,,, in the superconducting state is given by
h

R,=— (326)
ne
where n is an integer.
Consider the case of the spin-flip transition of the electron. In the case of an exact
balance between the Lorentzian force (Eq. (323)) and the electric force corresponding to the Hall
voltage (Eq. (324)), each superconducting point mass of the electron propagates along a great

circle where

E/[B=v (327)
where v is given by Eq. (6). Substitution of Eq. (6) into Eq. (327) gives
h
E/|B=— (328)
my

Eq. (328) is the condition for superconductivity in the presence of crossed electric and magnetic

fields. The electric field corresponding to the Hall voltage corresponds to the electric energy

term, E,, , of the Poynting power theorem (Eq. (310)).
1 277 5 )
E.=7 { '(['([gE o E/” sin Gdrd 6d¢ (329)

The electric term for this superconducting state is derived as follows using the coordinate system

shown in Figure 28.
The current is perpendicular to E , thus there is no dissipation. This occurs when

eE=evxB (330)
or

E/B=v (331)
The electric field corresponding to the Hall Voltage is

E=vxB (332)
Substitution ot; Eq. (332) into Eq. (329) gives

E, = % & ] JL(vB)er sin &drd 6d ¢ (333)

000

The spin flip transition may be induced by the absorption of a resonant photon. The velocity is

determined from the distance traversed by each point and the time of the transition due to capture
of a photon resonant with the spin-flip transition energy. The current i, corresponding to the
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Hall voltage and E, is given by the product of the electron charge and the frequency f* of the

photon where the correspondence principle holds as given in the Photon Absorption section of

Ref. [3].
i=ef (334)
The resistance of free space for the propagation of a photon is the radiation resistance of free
space 7.
n= Hy (335)
)

The power P of the electron current induced by the photon as it transitions from free space to

being captured by the electron is given by the product of the corresponding current and the

resistance R which is given by Eq. (335).

P=FR (336)
Substitution of Eq. (334) and Eq. (335) gives
R=éf |2 (337)
€

It follows from the Poynting Power theorem (Eq. (310)) with spherical radiation that the
transition time 7 is given by the ratio of the energy and the power of the transition [26].
r= LI (338)
power
The energy of the transition which is equal to the energy of the resonant photon is given by

Planck’s equation.

E=hw=hf (339)
Substitution of Eq. (337) and Eq. (339) into Eq. (338) gives
T= S (340)
ezfz Hy
£

0

h
The distance traversed ¢ by the electron with an kinetic angular momentum change of 5 is
== _Z (341)

where the wavelength is given by Eq. (4). The velocity is given by the distance traversed
divided by the transition time. Eq. (340) and Eq. (341) give

o,
212 A2 g,
= = = A 342
' T hf 2h / (342)
ezfz Hy
)

The relationship for a photon in free space is
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c=Af (343)
The fine structure constant given by Eq. (319) is the dimensionless factor that corresponds to the

relativistic invariance of charge.

,&

1 [ @ 1 i

a=— /ﬂ_:_izw (344)
2

4z no2h o 2n
e
It is equivalent to one half the ratio of the radiation resistance of free space, ’ﬂ , and the hall
€o

resistance, — . The radiation resistance of free space is equal to the ratio of the electric field and
e

the magnetic field of the photon (Eq. (120)). Substitution of Eq. (343) and Eq. (344) into Eq.

(342) gives
v=ac (345)
Substitution of Eq. (345) into Eq. (333) gives
1 2z
Ep=75, [[ [(ecp, ) r*sin tdra g (346)
000
where
B=uH (347)

The relationship between the speed of light, ¢, and the permittivity of free space, &,, and the

permeability of free space, x,,, is
1

c= (348)
Y Ho&o
Thus, Eq. (346) may be written as
1 22”” rl 2.2 .
E, =5 M { L, H 7 sin Gdrd d (349)
Substitution of Eq. (267) gives
27u,e’h’
= ﬂluoz 3 (350)
3m,m,

The magnetic flux, B, is quantized in terms of the Bohr magneton because the electron links flux

in units of the magnetic flux quantum,

O, =— 351
0=72 (351)
Substitution( of Egs. (311-321) gives
2, a )
E,=2—a — u,B 352
ele KS a 272_ ILIB ( )
Dissipated Energy
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The J oE energy over time is derived from the electron current corresponding to the
Larmor excitation and the electric field given by Faraday’s law due to the linkage of the
magnetic flux of the fluxon during the spin-flip. Consider the electron current due the external
field. The application of a magnetic field with a resonant Larmor excitation gives rise to a

precessing angular momentum vector S of magnitude 7 directed from the origin of the

orbitsphere at an angle of 9:%[ relative to the applied magnetic field. As given in the Spin

Angular Momentum of the Orbitsphere with £= 0 section, S rotates about the axis of the applied

field at the Larmor frequency. The magnitude of the components of S that are parallel and

h 3
orthogonal to the applied field (Egs (240a-240b)) are > and J;h, respectively. Since both the

RF field and the orthogonal components shown in Figure 25 rotate at the Larmor frequency, the
RF field that causes a Stern Gerlach transition produces a stationary magnetic field with respect
to these components as described in the Boundary Condition for the Electron in a Magnetic Field
are Met section. The corresponding central field at the orbitsphere surface given by the
superposition of the central field of the proton and that of the photon follows from Egs. (2.10-
2.17) of Ref. [3] and given by Eq. (288):

E=—— [ 0.9) + Reft(0.9)e™ i, 0(—1)] (353)

2
TE, ¥

where the spherical harmonic dipole Y, (9,¢) =sin @ is with respect to the S-axis. The dipole

spins about the S-axis at the angular velocity given by Eq. (6). The resulting current is
nonradiative as shown in the Acceleration Without Radiation section. Thus, the field in the RF
rotating frame is magnetostatic as shown in Figure 6 but directed along the S-axis. Thus, the
corresponding currer;lt given by Eq. (251) is

e

3
K(p,¢,Z):E m 3Sinﬁ¢ (354)

en

Next consider the Faraday’s equation for the electric field
d
pEeds=——{ 1,Heda (355)
C dt S

As demonstrated by Purcell [62], the velocity of the electron changes according to Lenz’s law,
but the change in centrifugal force is balanced by the change in the central field due to the

applied field. The magnetic flux of the electron given by Eq. (262) is

T
B=yH= 'quS (i,cos@—i,sind)  forr<r, (356)
me 1
From Eq. (321), the magnetic flux B,,; of the fluxon is
7 . T
B, = =% (i cosd—i,sing) = — LT (357)
2w m 27 m,r
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The electric field E is constant about the line integral of the orbitsphere. Using Eq. (355) with

the change in flux in units of fluxons along the z-axis given by Eq. (357) gives

T§E0dsdz— j — 7 %d21¢ (358)

-nC -n

27 E'[ rsin’@do = —ﬂ% Rsin*6da,
0

(359)
,2AB,
Ry
3At
Substitution of Eq. (357) into Eq. (359) gives
2 h
o et (360)
32n m,r At
2 no,
m E=—go— 2 (361)
327 m, rAt
Thus,
2 h
Eo 2% theh (362)
327 m A At

The dissipative power density E e J can be expressed in terms of the surface current density K

as
[(E e 3)Atay =[ (E e K)Atda (363)

Using the electric field from Eq. (362) and the current density from Eq. (354) gives

2w
J.(EoJ)Atdv: .”(2 - —Eﬂfi3 ch > sin GJAUTZ sin d &d
" v o \3 2 myAt2 m "

(364)
_4a mue'h”
327 m’r}
Substitution of Eq. (321) into Eq. (364) gives
)
jV(E Dy =23~ 1,8 (365)

Total Energy of Spin-Flip Transition

The principal energy of the transition corresponding to a reorientation of the orbitsphere
is given by Eq. (308). And, the total energy of the flip transition is the sum of Eq. (308), and
Egs. (321), (352), and (365) corresponding to the electric energy, the magnetic energy, and the

dissipated energy of a ﬂuxon treading the orbitsphere, respectively.

spin il = 2( i(ﬂ 2)
AE,.. —2(1+2 + KZ;z) 3&2;2-) UB (366)
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AE™ = gu.B (367)

mag
. . 2|1 .
where the stored magnetic energy corresponding to the > [5 1 He H} term increases, the stored

. ) o)1 ) .
electric energy corresponding to the E{EQEOE} term increases, and the JeE term is

dissipative. The magnetic moment of Eq. (308) is twice that from the gyromagnetic ratio as

given by Eq. (295). The magnetic moment of the electron is the sum of the component

corresponding to the kinetic angular momentum, 5 and the component corresponding to the

vector potential angular momentum, 3 (Eq. (304). The spin-flip transition can be considered as

involving a magnetic moment of g times that of a Bohr magneton. The g factor is redesignated

the fluxon g factor as opposed to the anomalous g factor, and it is given by Eq. (366).

2
§=1+ﬂ+3a2(i)—f(ﬂ) (368)
2 2r 3 2n/  3\2«x
For o' =137.03604(11) [76]
§= 1.001 159 652 120 (369)
The experimental value [23] is
%z 1.001 159 652 188(4) (370)

The calculated and experimental values are within the propagated error of the fine structure
constant. Different values of the fine structure constant have been recorded from different
experimental techniques, and « ' depends on a circular argument between theory and

experiment [39]. One measurement of the fine structure constant based on the electron g factor
is ag:1 =137.036006(20) [77]. This value can be contrasted with equally precise measurements

employing solid state techniques such as those based on the Josephson effect [78]
(0{]l =137.035963(15)) or the quantized Hall effect [79] (05,;1 =137.035300(400)). A method of
the determination of « ' that depends on the circular methodology between theory and
experiment to a lesser extent is the substitution of the independently measured fundamental
constants £, e, ¢, and & into Eq. (344). The following values of the fundamental constants are

given by Weast [76]

u,=47X107 Hm™ (371)
e=1.6021892(46) X107 C (372)
¢ =2.99792458(12) X10°ms™ (373)
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h=6.626176(36) X 10~ JHz (374)

For these constants,

a”' =137.03603(82) (375)
Substitution of the o' from Eq. (375) into Eq. (368) gives

=1.001 159 652 137 (376)

N |0g

The experimental value [23] is

=1.001 159 652 188(4) (377)

N [0q

The postulated QED theory of % is based on the determination of the terms of a

postulated power series in o/ r where each postulated virtual particle is a source of postulated
vacuum polarization that gives rise to a postulated term. The algorithm involves scores of
postulated Feynman diagrams corresponding to thousands of matrices with thousands of
integrations per matrix requiring decades to reach a consensus on the “appropriate” postulated

algorithm to remove the intrinsic infinities. The remarkable agreement between Egs. (376) and

(377) demonstrates that % may be derived in closed form from Maxwell’s equations in a simple

straightforward manner that yields a result with eleven figure agreement with experiment—the
limit of the experimental capability of the measurement of « directly or the fundamental
constants to determine «. In Chp. 1, Appendix II of Ref. [3], the Maxwellian result is contrasted
with the QED algorithm of invoking virtual particles, zero point fluctuations of the vacuum, and
negative energy states of the vacuum. Rather than an infinity of radically different QED models,

an essential feature is that Maxwellian solutions are unique.
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Table I. The calculated electric (per electron), magnetic (per electron), and ionization
energies for some two-electron atoms.

Atom r Electric Magnetic Calculated  Experimental
(a,)? Energyb Energy© Ionization  Ionization [31-32]
(eV) (eV) Energyd (eV) Energy (eV)
He 0.567 -23.96 0.63 24.59 24.59
Li’ 0.356 -76.41 2.54 75.56 75.64
Be™ 0.261 -156.08 6.42 154.48 153.89
B* 0.207 -262.94 12.96 260.35 259.37
c* 0.171 -396.98 22.83 393.18 392.08
N> 0.146 -558.20 36.74 552.95 552.06
o™ 0.127 -746.59 55.35 739.67 739.32
F™* 0.113 -962.17 79.37 953.35 953.89
a from Equation (137)
b from Equation (139)

€ from Equation (140)
d from Equations (138) and (141)
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Table II. The Maxwellian closed-form calculated and experimental parameters of H,, D,, H, and D; .

Parameter Calculated Experimental Eqs a
H, Bond Energy 4.478 eV 4.478 eV 12.251
D, Bond Energy 4.556 eV 4.556 eV 12.253
H;Bond Energy 2.654 eV 2.651 eV 12.220
D2+ Bond Energy 2.696 eV 2.691 eV 12.222
H, Total Energy 31.677 eV 31.675 eV 12.247
D, Total Energy 31.760 eV 31.760 eV 12.248
H, Tonization Energy 15.425 eV 15.426 eV 12.249
D, Tonization Energy 15.463 eV 15.466 eV 12.250
]—[2+ Tonization Energy 16.253 eV 16.250 eV 12.218
D; Tonization Energy 16.299 eV 16.294 eV 12.219

+ . _
H,” Magnetic Moment 9274 X107 Jr™ 9274 X107 Jr” 14.1-14.7
Hp Hp
Absolute H, Gas-Phase -28.0 ppm -28.0 ppm 12.362
NMR Shift
H, Internuclear Distanceb 0.748 A 0.741 A 12.238
Va,
D, Internuclear Distance” 0.748 A 0741 A 12238
a,

I‘I;r Internuclear Distance’ 135; A 1.06 A 12.207
D; Internuclear Distanceb 1'85; A 1.0559 A 12.207
H, Vibrational Energy 0.517eV 0.516 eV 12.259
D, Vibrational Energy 0.371 eV 0.371 eV 12.264
H, ox, 120.4 cm™ 121.33 cm”™' 12.261
D, o, 60.93 cm”™ 61.82 cm”™ 12.265
[{2Jr Vibrational Energy 0.270 eV 0.271 eV 12.228
D2+ Vibrational Energy 0.193 eV 0.196 eV 12.232
H, J=1 to J=0 Rotational 0.0148 eV 0.01509 eV 14.45
Energyb
D, J=1 to J=0 Rotational 0.00741 eV 0.00755 eV 14.37-14.45
Energyb
H; J=1 to J=0 Rotational 0.00740 eV 0.00739 eV 14.49
EnergyC
D; J=1 to J=0 Rotational 0.00370 eV 0.003723 eV 14.37-14.43, 14.49
Energyb
3 Ref. [3].

b . . . o
The internuclear distances are not corrected for the reduction due to £ ..

c . : . T
The internuclear distances are not corrected for the increase due to £, .
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Table III. Predicted harmonic parameters ¢ and relative intensities /() as a function of peak 7.

n 2 Angle (°)° I(n)®
1 197 0.91 1
2 591 0.30 0.50
3 788 0.23 0.33
4 985 0.18 0.25
5 1182 0.15 0.20
6 1379 0.13 0.17
a Eq. (225)
b Eq. (229)
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Table IV. Summary of the results of the matrix transformations of the two orthogonal current loops to

generate the orbitsphere.

Initial Direction | Final Direction | Sign of Sign of | Initial to Final Axis
Step of Angular of Angular Aa, Aa, Transformation L, L.
Momentum Momentum
Components Components
(7 x K) (7 x K)
1 X,—y -X,p +Aa, | +Aa, +X' = +y 0 h
+) > +x 4
+7 > —z
2 -X,z -X,z -Aa, | +Aa, +7 > —x h h
+x'—> -z 4 4
+y' = -y
Total ﬁ E
4 2

a K is the current density, I is the polar vector of the great circle, and ““” denotes the unit vectors # =
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Figure 1. The orbitsphere is a two dimensional spherical shell of zero thickness with the Bohr
radius of the hydrogen atom, r = a .
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Fig. 2. The current pattern of the orbitsphere shown with 6 degree increments of the
infinitesimal angular variables +A¢, and *Aq; from the perspective of looking along the z-
axis. The current and charge density are confined to two dimensions at 7, =nr. The
corresponding charge density function is uniform.
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Fig. 3. The orbital function modulates the constant (spin) function (shown for t = 0; three-
dimensional view).

Modulation Spatial Charge Surface Charge
Function Constant Density Density Function
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Fig. 4. The normalized radius as a function of the velocity due to relativistic contraction.
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Fig. 5. Far field approximation.
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Fig. 6. The magnetic field of an electron orbitsphere (z-axis defined as the vertical axis).

The magnetic field is
constant inside of the
orbitsphere
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Fig. 7. Broadening of the spectral line due to the rise-time and shifting of the spectral line due to
the radiative reaction. The resonant line shape has width I'. The level shiftis Aw.
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Fig. 8. The Cartesian coordinate system wherein the first great circle magnetic field line lies in
the yz-plane, and the second great circle electric field line lies in the xz-plane is designated the
photon orbitsphere reference frame of a photon orbitsphere.
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Fig. 9. The field line pattern from the perspective of looking along the z-axis of a right-handed

circularly polarized photon.
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4
Fig. 10. The electric field of a moving point charge (v = r c).
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Fig. 11. The electric field lines of a right-handed circularly polarized photon orbitsphere as seen
along the axis of propagation in the lab inertial reference frame as it passes a fixed point.
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Fig. 12. The front view of the magnitude of the mass (charge) density function in the xy-plane
of a free electron; side view of a free electron along the axis of propagation—z-axis.
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Fig. 13.

a(0) (units of ag)

The experimental results for the elastic differential cross section for the elastic
scattering of electrons by helium atoms and a Born approximation prediction.
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Fig. 14. The closed form function (Eqs. (146) and (147)) for the elastic differential cross section
for the elastic scattering of electrons by helium atoms. The scattering amplitude function, F(s)

(Eq. (145), is shown as an insert.
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Fig. 15. The radius of the universe as a function of time.
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Fig. 16. The expansion/contraction rate of the universe as a function of time.
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Fig. 17. The Hubble constant of the universe as a function of time.

S0

50

30

H (km/sec Mpc)

20

1x10t! 2x10t! w10t gx10t! sx10ll

Time {years)

115



Fig. 18. The density of the universe as a function of time.
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Fig. 19. The power of the universe as a function of time.
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Fig. 20. The temperature of the universe as a function of time during the expansion phase.

Temperature (K)

1x10t! ayw1ntl zx1pt! 2w1ntl 5w1ntl
Time (years)

118



Fig. 21. The differential expansion of the light sphere due to the acceleration of the expansion of

the cosmos as a function of time.
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Fig. 22. Step One. Each point or coordinate position on the continuous two-dimensional
electron orbitsphere defines an infinitesimal charge (mass)-density element which moves along a
geodesic orbit comprising a great circle. Two such infinitesimal charges (masses) at points one
(moving counter clockwise on the great circle in the y'z'-plane) and two (moving clockwise on
the great circle in the x'z'-plane) of two orthogonal great circle current loops in the basis frame
are considered as sub-basis elements to generate the current density corresponding to the spin

1
quantum number, s = E; m, = iz . The xyz-system is the laboratory frame, and the orthogonal-

current-loop basis set is rigid with respect to the x'y'z'-system that undergoes transformations to
generate the elements of the electron current density function. The angular momentum of the

orthogonal great circle current loops in the x'y'-plane is m .
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Fig. 23. Step Two. The orthogonal great circle basis set is rotated A« zg with respect to the basis

set of Step One shown in Figure 22 the direction of the current of the loop in the y'z'-plane is
reversed. Point one now moves clockwise on the great circle in the y'z'-plane, and point two moves
counter clockwise on the great circle in the x'y'-plane. The angular momentum of the orthogonal great

circle current loops in the -xz-plane is m corresponding to each of the z and -x-components of

, h
magnitude 1

Point2 \ point 1
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Fig. 24. The trajectory of the resultant angular momentum vector of the orthogonal great circle

current loops of magnitude —= during Step One.
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Fig. 25. The angular momentum components of the orbitsphere and S in the rotating coordinate
system X,, Y,,and Z, that precesses at the Larmor frequency about Z, such that the vectors

are stationary.
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Fig. 26. The angular momentum components of the orbitsphere and S in the stationary

coordinate system. S and the components in the xy-plane precesses at the Larmor frequency
about the z-axis.
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Fig. 27. Coordinate system of crossed electric field, E , corresponding to the Hall voltage,
magnetic flux, B_, due to applied field, and superconducting current i_.
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Fig. 28. Coordinate system of crossed electric field, E , corresponding to the Hall voltage,
magnetic flux, B,, due to applied field, and superconducting current i,.
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