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ABSTRACT: Despite nearly a century of considered opinion to the contrary, an 
EM self-field theory (EMSFT) has been developed for atomic systems consisting 
of charged particles.  An azimuthal spinor is used as a trial solution for the 
motions of each particle and tested using Maxwell’s equations for particle-field 
interactions.  Both the particles and field are seen in terms of coupled spinors 
associated with electric and magnetic fields.  Unconventionally, the particle 
electric and magnetic fields are measured between centres-of-motion and not 
between charge points.  Maxwell’s curl equations are seen as a balance of the 
electric and magnetic kinetic energies with a particle’s total energy, and a 
balance of its electric and magnetic potential energies.  The theory results in a 
system of inhomogeneous equations, the unknowns being the coupled spinors of 
each particle, four equations for the electron and also for the proton in the 
hydrogen atom, two conjugate pairs of equations for each particle. The modal 
equations for the electron yield analytic solutions for the resonant frequencies, 
the radii, Rydberg constant and Balmer series. The EMSFT equations for the 
proton give an estimate for the size of the proton. 
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 1. Introduction. 

Present-day understanding of the hydrogen atom is linked to the quantum 

theory that evolved during several decades of effort from the late 19th century until the 

late 1920's [1] [2].  Bohr put forward a quantum theory of spectroscopy in which 

angular momentum is whole numbers of Planck's quantum numberi h
2π== .  

Using Bohr's theory, spectral lines can be expressed as a quantum series, for example 

the Balmer series, mn 2 2

1 1R
m n

ν ⎛ ⎞= −⎜ ⎟
⎝ ⎠

, where 2m 4= , n 3,4 ,5...= and Rydberg's 

number 
4
e e
2 3
0

q mR
8 h cε

= .  With this theory, the ground state energy of the hydrogen atom, 

Bohr’s energy, BE Rhc=  and the electron’s position, the Bohr radius,
2

0
B 2

e

hr
m q
ε

π
=  

can be estimated.  Spectroscopic experiments led to an understanding of how the 

hydrogen atom was excited by electric (E-) and magnetic (H-) fields.  By 1926, four 

quantum numbers n, l, m, and s had been revealed to be associated with the electron. 

Despite intensive investigation, this same period saw a complete failure to find 

any way in which atomic physics could be based on electromagnetic (EM) theory.   

Maxwell had previously reached the conclusion that gravitation could not be based on 

EM theory despite the similarity between the inverse square forms of Coulomb’s 

electrostatic force and Newton’s gravitational force [3] [4].  Concepts of planetary 

motion led only to unstable spiralling of the electron in atoms.  The conviction against 

EM as a basis for atomic physics grew as methods termed quantum mechanics (QM) 

evolved.   Developed from the late 1920’s to the mid 1940’s quantum electrodynamics 

(QED) is a generalized hybrid of EM, quantum theory and special relativity (SR) [5].  

Due to the uncertainty principle, quantum field theories including QED cannot be 
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solved derterministically [6].  At their core are discrete quadratic functionals based on 

quantized EM potential solutions to Maxwell’s equations requiring numerical solution 

methods.  As well as the 2nd order partial differential equations, boundary conditions 

at infinity and near singularities need formulating.  Applications require evaluation of 

significant terms among infinite numbers of integrals (Feynman diagrams) and also 

renormalization.  Quantum chromodynamics (QCD) in turn is a generalization of 

QED, devised to handle the added particles falling within the standard model of 

particle physics observed in the last half of the 20th century [7].  Quantum numbers 

such as ‘flavour’ and ‘colour’ exist in addition to those due to electronic interactions 

with the nucleus.  Despite the numerical difficulties, the standard model of the 

hydrogen atom resulting from the Schrödinger equation has until recently been the 

only option [8] [9].   Certainly no EM solution based on the dynamics of charged 

particles has been useful in modelling the hydrogen atom apart from Bohr’s early 

model.  Yet EM theory has been and remains at the heart of all quantum field theories. 

In this paper an EM self-field theory (EMSFT) yields analytic solutions for the 

electron’s motion in the hydrogen atom including Rydberg’s number and the Balmer 

formula.  The fields are unconventionally measured relative to centres of motionii 

rather than directly between charge points as in the Liénard-Wiechert potentials [10].   

Although there are several, this is perhaps the essential difference between the present 

and previous attempts to solve for the atomic motions using electromagnetics.   After 

testing spinor solution forms for the fields via Maxwell's equations, EMSFT results in 

a system of equations.  For the hydrogen atom this induces no new physics, the only 

change is in the mathematical apparatus used to obtain the physics.    Unlike QM’s 

potentials yielding probabilistic solutions, the field variables of EMSFT allow 

deterministic solutions; thus a clear picture of the physics emerges. Based on Lorentz-
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compatible field solutions to Maxwell’s equations, neither SR nor gauge is 

problematic.  Its field variables being a priori relativistically correct, no correction 

terms are required, its solutions analytic rather than numerical.  In formulating 

quantum field theories, the EM fields are ubiquitous.  In EMSFT a concept emerges 

of photon streams, two ‘pencil-beams’ mutually coupling electron and proton.  The 

EM field is not spherically symmetric or continuous; photon streams mediate energy 

between particles, a discrete, discontinuous form of field.  QED and QCD concern 

collision dynamics, seeking cross-sections, momenta, and energies of the particles. 

EMSFT concerns dynamic equilibria seeking the frequencies and velocities of all 

particles deterministically.  It is pointed out that in EMSFT no constraint on the speed 

of light other than the experimentally observed speed in free-space is assumed.  

Therefore, perhaps not surprisingly, Planck’s ‘constant’ is found not to be a constant 

but a variable associated with the EMSFT theory of the hydrogen atom.  

2. Self-field theory 

A mathematical description for the self-fields of charged particles were first 

derived by Abraham in 1903 and Lorentz in 1904 [10, pp. 750-755].  This is the 

effect upon a moving charge of any back-reaction due to its own radiating field.  In 

this report, two charged particles and their fields form a closed atomic system; the 

particles and their mutual fields form a balanced atomic self-system.   This is not an 

infinite but a spatially finite closed system where the photons are contained inside 

the atom.  The standing waves surrounding a loop cross-dipole representing the 

hydrogen atom can be shown to have no far-field radiation at certain frequencies and 

dimensions of the loop dimensions [11].  There is found a condition of balance 

associated with the radiation fields of the cross-dipole such that no Bessel functions 
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of Kind 2 are involved; the internal standing waves are self-fields of finite extent 

rather than far fields of infinite extent.  These fields have the same spinorial form as 

the EMSFT centre-of-motion (COM) fields (Appendix B).  

In general, both the particles and the EM fields that control the motions of 

charged particles satisfy the Maxwell-Lorentz equations [10].  For application to 

atomic physics, regions where particle-field interactions occur are assumed isotropic 

and homogeneous and thus the constitutive parameters, 0ε  and 0µ the permittivity 

and permeability of free-space, are scalars. Where discrete particles carrying units of 

elementary charge q of opposite polarity are studied, in the absence of nebular 

regions of charge and current density, the Maxwell-Lorentz equations can be written  

q

4E q
v
π

∇ =
G
i   (1a) 

H 0∇ =
G
i   (1b) 

0
HE 0

dt
∂µ∇ × + =
GG

  (1c) 

0
q

EH q v
dt s

∂ πε∇ × − =
GG G   (1d) 

where the Lorentz equation for the field-forces acting on the particles is written 

F qE qv B= + ×
G G GG   (1e) 

along with the constitutive equations 0B Hµ=
G G

, 0D Eε=
G G

.  There is a relationship 

between the speed of lightiii and the ratio of the fields c = 1 2
0 0( )ε µ − .  Also the atomic 

energy density A A 0 0
1dU dV ( E E H H )dV
2

ρ ε µ= = +� � � �i i  depends upon the fields in 
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the atomic region. (1a-d) are termed the EM field equationsiv. In these equations, v is 

the particle velocity, m is its mass.  It is assumed that the volume of integration  

over which the charge density is evaluated, and the area the charge circulates normal 

to its motion , are calculated during successive periods over which the internal 

motions of the atom take place (Fig. 1).  At this stage, the periodic motions are not 

assumed circular, regular, or constant

qv

qs

v.  The area parameters need retrospective 

examination to check any solutions that are uncovered for a particle’s motion.  In 

distinction to quantum theory, charge- and mass-points are non-singular, as a 

particle does not reside at the origin due to the mathematical form of its motions.   

As well as the motions of the atomic particles, Maxwell’s equations specify 

the spatial distribution of photons that comprise the E- and H-fields due to the 

presence of charged particles. The concept of the field and the charged particles 

within it is that of a collection of smaller particles (photons) that transit between 

larger particles (electrons and protons). We may think of the visual capability of 

computers to ‘zoom’ into a displayed region.  Afar, the field looks like a nebulous 

cloud.  As we zoom in, the cloud comprising the field becomes a series of discrete 

point-like particles, the photons.  At the same time the particles, the electron and the 

proton, may change their visual character from point-charges to objects with internal 

dynamic structurevi.  The E- and H-fields acting on the electron for instance are a 

photon exchange process between proton and electron. The rotating motions are 

related to this photon exchange. In QM terminology, spinors represent the orbits of 

electrons that possess spin.  In EMSFT, the electron’s spinorial motion results from 

the mathematics.  The orbital/cyclotron motion is visualized as many discrete 
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photon/electron interactions that change the electron’s direction and vice versa.  The 

fields are stream-like and exist only between particles.  

Solving Maxwell’s equations for atomic self-fields 

Maxwell’s equations (1) can be solved to yield analytically cyclic solutions 

where atomic particles and their E- and H-fields perform rotations in two orthogonal 

but coupled directions (Fig. 3).  Because this field pair induces another pair of fields 

this second pair can, depending on their speed and frequency, in turn produce the 

original fields.  These field pairs are produced by atomic particles each performing 

two orthogonal motions.  The overall result is a ‘self-perpetuating’ field.  This 

approach is general in its application; recently it was used as the basis of a predicted 

photon chemistry where the photon, assumed to be massive, may have an analytic 

‘Balmer-like’ spectroscopic nature, but continuous rather than discrete [12] [13].  

We turn now to the details of this analytic self-field solution for the hydrogen atom. 

Separation of pairs of E- and H-fields or potential variable pairs into azimuthal 

modes is well known to EM theory using isolated [10][14] or coupled modes [15][16].   

In the following only the principal azimuthal mode ( m 1= ) is investigated, and also 

we retain the complete spatial information (Figs. 3-4) rather than substituting any 

parametrically related rotation times.   Following Von Hippel [17, p.45] we assume a 

separated form for the electron’s E-field as a radial spinor rotating in the azimuthal 

angleφ :  

j
2

0

1 q ˆE e r
4 r

φ

πε
=   (2) 

The E-field is actually a stream of individual photons all following each other forming 

an expanding spiral as it moves from proton to electron.  A coupled stream forms a 
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diminishing spiral as the photons move from electron back to protonvii.  Each photon 

in the stream emanating from the proton tracks the electron as it moves in a double 

spinor movement; thus the photon motion is similar to that of the electron.  (2) is a 

dynamic field in contrast to the well-known static Coulomb field. (2) is a solution to 

Maxwell’s first divergence equation (1a)viii. 

The time-derivative of the H field can be formed from the curl of the E-field 

(1c).  Assuming a linear relationship between time and angular rotational tφ ω= , 

integration with respect to time yields an H-field rotating with the E-field.  

j
3

0 0

1 q ˆH e
4 sin r

φφ
πε µ θω

=   (3) 

where this form is a solution to Maxwell’s second divergence equation (1b)ix, where 

the constant of integration has been assumed zerox and where the imaginary part of 

any motion or field is a coupled orthogonal motion or field (See Appendix B).  To 

here the solution is consistent; the E- and H-fields can both be represented as spinors 

related by a similar radial dependence that solve the divergence equations and the first 

curl equation (1a-c). We continue with the time-derivative of the H field. The cycle of 

differentiation implicit in Maxwell's equations is now completed to see if the form is 

consistent with the original trial form (2).  In order to see if the resulting analytic form 

is the same as when we started our theoretical cycle, we take the curl of the time-

derivative of the H-field (1d) and substitute 00
2 1 εµ=c  to obtain 

2 2
j j

2 4 4

c qH 1 c q ˆˆe r e
t 4 sin r 2 sin r

φ φ∂ θ
∂ π θ π θ

−
∇ × = +     (4) 

Differentiating (2) twice with respect to time where the dependence tωφ = is again 

assumed reveals its similarity in form to the first term on the rhs of (4):   
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2 2
j

2 2
0

E 1 q ˆe r
t 4 r

φ∂ ω
∂ πε

−
=   (5) 

(4) gives the two scalar components of current density in (1d) differentiated with 

respect to time. Starting with the E-field in (2) its second derivative is given by (5) 

and has a similar form to the first term on the rhs of (4). Notice that by starting with  

negative exponential forms for the spinors a similar negative solution can be formed. 

At this stage Maxwell’s two divergence equations have supplied our initial 

spinorial forms while Maxwell’s two curl equations have been cycled through and 

returned with a consistent E-field solution.  For the hydrogen atom to be stable as 

detailed in Appendix B we require the H-fields to rotate in the negative direction to 

the E-fields; then the electric and magnetic potential energies act against each other.  

In the above analysis there was no spatial phase shift assumed.  The only phase shift 

2π was due to differences between the E-field and the H-field and the differentials 

involved in Maxwell’s equations.  These phase shifts by themselves do not allow us 

to have positive and negative exponentials for our spinors.  The presence of both 

signs allows internal standing waves as is known from the study of waveguides [10].  

We can achieve a mixed exponential form for the spinors if there are spatial phase 

shifts to provide an overall phase change of 2mπ  where m is the azimuthal mode.   

In the case where the orbital and cyclotron separations both provide phase shifts 

of 2π , we end up with a phase shift 2π  across the analytic cycle.  The overall self-

field system starts with the E-field of the first particle; this provides the E-field to 

the second with a spatial phase shift of 2π between the E-fields; the two H-fields a

similarly shifted in phase.  The shift is over the analytic field cycle (length 4) 

 is seen as 

re 

1 1 2 2 3 3( , , , , , ...)E H H E E H� � � � � � (0, 2 , , 3 2, 2 , 5 2...)π π π π π− − − − .   
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In the case of the atomic self fields, the E- and H-fields form two streams 

that occur in orthogonal planes.  The fields can be separated into two coupled spatial 

coordinate systems (Fig. 4).  In terms of these coordinates, a radial E-field spinor 

rotates in φo; this spinor and its time derivatives form a discrete cyclic set (period 4 

as with the phase shifts) in the oor φ− plane (Fig. 5).  An H-field spinor derivative 

also rotates in φo; the H-field spinor and its derivatives also form a discrete cyclic set 

in the oor φ− plane causing the electron to perform a cyclotron motion in the ccr θ−  

plane.  The H-field cyclotron force rotates in cθ .   

Given certain conditions, the coupled spinor motion between two particles is 

a self-field solution for the hydrogen atom.  The two spinors move at all times 

relative to their respective centres of motion.  The motions depend on Maxwell’s 

equations and are orthogonal.  In general for systems where there may be many 

particles in an atomic structure, Maxwell’s two curl equations provide three scalar 

equations per particle.  For the Lorentz forces to be counterbalanced, (1e) resolves 

into E- and H-field components providing two coupled scalar equations per pair of 

particles.  Hence there are eight equations per pair of particles and our system of 

self-field equations is solvable there being four unknowns, the orbital and cyclotron 

radii and frequencies, and four equations per particle.  This corresponds with the 

quantum numbers observed spectrographically in the hydrogen atom, the four-

vectors of relativity and quantum field theory in general.   

Examining (4), a condition for the EM self-field solution to cycle theoretically 

is 2
2

2

sin cv =
θ

where rv ω=  rad.  Where cv = , a precondition is 1sin =θ  or 

2
πθ = .  Thus the rotations occur in the equatorial elevation.  To this point the 
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EM equations (1-5) describe the fields regardless of their application and involve 

speed of light.  Certain systems of charged particles are indeed self-sustaining and 

involve a rotation speed equal to the speed of light [5 p. 324] [12] [13].  We assume 

our equations are quite general describing atomic systems, or the internal structure of 

the photon [12] [13], in fact anywhere self-fields occur (see Discussion). Our focus 

here is to see if these equations yield motions for the electron in the hydrogen atom. 

The electron’s rotational speed is known to be around 1/137

the 

th that of light, ev cα=  

where α  is the fine-structure constant.  The condition for an equatorial elevation 

angle in the hydrogen atom is assumed as evsin cθ α= , so 2
πθ = where ev cα= .   

The hydrogen atom: periodic solutions for the electron’s Principal mode 

EMSFT proposes a spinorial solution to Maxwell’s equations capable of 

modelling atomic systems composed of charged particles.  In this report the theory is 

specialized to an electron moving dynamically inside the hydrogen atom in its various 

modes.  As detailed in Appendix B, the proton is assumed to have an infinite mass 

that complements the electron’s motion electrically and magnetically (Fig. 2).  

Equatorial spinors ( 2
πθ = ) represent the two rotational motions of the electron, an 

orbital spinor oj t
o o o o( r , ) r e ωσ ω =  associated with the E-field, and a cyclotron spinor 

cj t
c c c c( r , ) r e ωσ ω =  with the H-field.  Closely related to the motions of the electron, 

the fields too are spinors as shown in Fig. 3.  Maxwell’s equations yield equations for 

the electron representing a balance of its kinetic and potential energies.    

It is now assumed the spinor forms (A 15-16) yield the fields, forces and 

motions required for dynamic equilibrium.   These spinors provide centre-of motion 

E-and H-fields consistent with Maxwell’s equations. The coupled fields balance the 



 11

forces of the proton and electron. The orbital and cyclotron fields control the motions 

of the proton and electron and vice versa, the particle motions cause the fields.  Where 

we use a substitution for the speed of light, 2 2
0 0 c c1 / c 1 r 2ε µ = = ω , (2-3) become 

 oj t
o o 2

0 o

1 q ˆE( ,r ) e
4 r

ωω
πε

= r    (6) 

cj tc
c c

c

q ˆH( ,r ) e
4 r

ωω
ω φ

π
=    (7) 

 where oω  and cω are orbital and cyclotron angular velocities, and  and  are 

orbital and cyclotron radii.  The spinorial field forms are consistent with the COM 

forces discussed in Appendix B. The motion of the electron forms an EM self-field 

solution, its position is a sum of two spinors

or cr

o o o( r , )σ ω  and c c c( r , )σ ω : 

( ) o cj t j t
o o c c o cr r , ,r , r e r eω ωω ω = +  (8) 

In (8) each spinor refers to a centre of motion; the orbital (E-field) centre of 

motion is stationary, the cyclotron (H-field) rotates. This results from the coupled 

nature of the two spherical coordinate systems shown in Fig. 3.  Figs 2-6 illustrate 

the spinor dynamics while Fig. 7 shows an actual motion. In terms of mathematical 

forms that lead to discrete or decoupled azimuthal modes, the complex exponential 

form of (8) is one such form.  Solutions that return to their starting point, in other 

words are periodic, can maintain dynamic motions without net efflux or influx of 

energy.  In general the various azimuthal modal forms that are writtene jmφ  where 

 are a possible prerequisite to a discrete or quantum physics. m 1,2,3, ...=



 12

For the simplified case of the principal mode, a system of equations based on 

Maxwell’s curl equations (1c-d) can be written where the orbital and cyclotron 

frequencies are assumed equal o cω ω ω= = .  The j te ω  factor also simplifies out,  

the system reduces to three equations in three unknowns ( )o c,r ,rω : 

2
0

3
0 o c

qq 0
4 r 4 r

µ ω
πε π

+ =   (9) 

2

c4
c c

c q 1 q r
2 r 2s

ω
π

=   (10) 

  
2 2

o4 4
o o o

c q c q 1 q r
2 r 2 r 2s

ω
π π

+ = −  (11) 

(9-11) follow substitution of the field spinors (6-7) into (1c-d).  (9) follows (1c) while 

(10-11) are the two components of current performed by the electron, a -ve sign in the 

source terms of (11) indicates anticlockwise current.  (9-11) are satisfied if as well as 

the radii and angular frequencies having equal magnitude, a phase difference of 
2
π  

exists between and or equivalently, oω cω j± . The potentials oppose each other in (9)      

By substitution of 2 2
0 0 o o1 rε µ = ω o and cyclotron area constants 2

os rπ=  and 

2
cs rcπ= , (9-11) yield three equations in three unknowns ( )o c,r ,rω : 

2 2

o c

q q1 1 0
4 r 4 r

ω ω
π π

− =   (12) 

2

4 2
c c

c q q
2 r 2 r

ω
π π

=    (13) 
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2

4 2
o o o

1 c q 1 q q
4 r 4 r 2 r

ω
2 ω

π ω π π
−

+ =   (14) 

What are normally called the field terms are on the lhs and the particle or 

source terms are on the rhs of (12-14) as in (1c-d).  As will be seen, quanta of 

Planck’s number, photons, are  found theoretically on the rhs and the electron 

parameters on the lhs, vice versa to the normal particle-field system. 

3. Forces and energies of the principal mode of the hydrogen atom. 

(12-14) can be written in terms of the forces and energies associated with 

them. As known from studies of electrostatic and gravitational orbits centripetal and 

centrifugal forces can establish balance while performing circular or elliptic motions.  

Where an electron and a proton are in dynamic equilibrium, pairs of electrical and 

magnetic forces each balance the mass of the particle in orthogonal directions of 

motion.  (15) below can be written for the electron’s orbital motion.  Substitution of 

the E-field spinor (6) and the orbital position spinor o o o( r , )σ ω , (8), yields an electric 

form of the virial theorem.  

2
o

e 2

d rm
dt

= qE   (15) 

2 2
jo

e 2
0 o

d r 1 qm e
dt 4 r 2

φ

πε
=   (16) 

o

2
oj t2

e o o 2
0 o

1 q1 m r e e2 8 r
j tω ωω

πε
=  (17) 

2
2 2

e o o
0 o

1 q1 m r2 8 r
ω

πε
=   (18) 



 14

where is the mass of the electron. The charges being equal and opposite, the E-

field is attractive and the magnitude of the orbital centripetal force is 

em

2
em roω . The 

virial theorem given by (18) links the kinetic and potential energies due to the E-

field [18].  How can the electron and proton maintain a constant E-field spinor?  The 

two rotate around a common stationary centre of motion.  A constant orbital 

separation is achieved if the two maintain a certain prescribed angular velocity in φ, 

and if the phases of their φ  rotations differ by 0 or π, where the larger separation is 

the lower energy state.   On its own such an orbital system would be unstable [17]. 

(19) below can be written for the electron’s cyclotron motion.  Substitution of 

the H-field spinor (7) and the cyclotron position spinor c c c( r , )σ ω , (8), yields a 

magnetic form of the virial theorem.  

2
c

e c2

d rm qv
dt

= × B   (19) 

c

2 2 2 2
cj tc 0

e 2
0 c

d r q 1 qm e
dt 4 4 r

j t
2 eω ωω µ

π πε
−

= =  (20)  

c

2
cj t2

e c c
0 c

1 q1 m r e e2 8 r
j tω ωω

πε
−

=  (21) 

2
2 2

e c c
0 c

1 q1 m r2 8 r
ω

πε
−

=   (22) 

where cr ojr=  and the charges due to the electron and proton rotate in the same 

direction and hence the cyclotron force 2
em rcω  is repulsive (centrifugal). Again, a 

constant cyclotron radial separation can be maintained provided both particles 

maintain a certain angular velocity in θ, and their θ  rotations differ in phase by π 
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(for the lower state).  On its own such a cyclotron system would be impossible as 

well as unstable requiring the E-field for its existence which in turn requires the H-

field; together the E- and H-fields form an ‘entrapped’ EM self-field inside the atom.    

 Using the virial relationships (18) and (22), (12-14) can now be rewritten.   

2 2

0 o 0 c

q q1 1 0
4 r 4 r

ω ω
πε πε

− =   (23) 

 2
e cm v 2 ω= =   (24) 

2
e om v 2 ω= =   (25) 

Note the rhs’s 
2

2
0

q2
8

ω
π ε

==  of (24-25) are known at this stage before the solution is 

determined analytically.  Hence discrete quanta of Planck’s energy are found on the 

rhs’s of (24-25).  These are source terms that can be traced back from the right hand 

side of (1d).  Further a connection to quantum theory is obtained from (18) and (22) 

by dividing (18) by oω and (22) by cω  so 
2 2

0 0 0 c

q q
8 v 8 vπε πε

= ==  .   In this form, 

Planck’s ‘constant’ is a variable of motion, dependent on the solution of the 

equations.  The quantum nature of the electron’s motion has long been observed [19].  

The system of three equations in the unknownsω and and  are based on classical 

energy forms.  Eliminating (24), the system may be recast in terms of the energies in 

diagonal matrix form.  

or or

1 0 V 2
0 1 T

ω
ω

⎡ ⎤ ⎡ ⎤ ⎡
=⎢ ⎥ ⎢ ⎥ ⎢

⎣ ⎦ ⎣ ⎦ ⎣

=
=

⎤
⎥
⎦

 (26) 
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In (26)V =  oV =
0 o

1 q
4 rπε

 = =cV
0 c

1 q
4 rπε

, and =  T oT = 2
e o

1 m v2  = =cT 2
e c

1 m v2  are 

the orbital or cyclotron components of the potential and kinetic energies. In this form 

oω= = ω  and or r r= = c .  From inspection (26) agrees with the virial theorem.  cω

Rydberg’s Number 

The complete matrix equation forms two conjugate parts, for the orbital and  

cyclotron motions, each a sub-matrix of two equations.  The principal mode case has 

simplified the analysis.  (26) solves analytically and can be compared with the Bohr 

theory expressions for the Bohr radius, resonant frequency and Rydberg’s number: 

2
0

o c 2
e

4r r 4r
m q
ε

π
= = =

=
B  (27} 

4
e

o c 2 3
0

q m
16
π

ω ω
ε

= =
=

 (28) 

4
e

o c 2 3
0

q m RR R 432 cε
= = =

=
 (29) 

From (27) the orbital and cyclotron radii are where as in Appendix A 

 0.5291771 x 10-10m.  From (28), the orbital and cyclotron angular frequencies are 

.  If the two components of energy from the 

electron’s motion are combined with two equal components of energy from the 

proton’s motion, we obtain the frequency 

B4r

Br =

16 11.033532 10 rad secω −= ×

15 1
ef 6.579671 10 sec−= × , or a 

wavenumber 10,973,710.  In this way the total system energy is linked to the 

motions of both the electron and proton; as the electron changes state, the motion of 
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the proton complements any such change. 

 

Complete azimuthal mode solution – Balmer Formula 

At this stage the study has revealed that there are two spinors associated with 

the electron’s motion in the principal mode that have equal magnitude and are 

separated in phase by 
2
π .  The complete eigensolutions will involve two radial 

modes and two frequency modes.  The radial modes are required to be periodic; an 

equation based on (25) where and mv mω= r rnv j nω=  can be written. 

2 2
e m e n

1 1m v m v 22 2 ω− = =  (30) 

Algebraic manipulation of (30) gives the analytic Balmer formula [17, p.106] (as 

distinct from the Balmer series) which is based on the energy emitted if an atom 

shifts between two radial modes. 

mn 2 2

1 1R
m n

ν ⎛ ⎞= −⎜ ⎟
⎝ ⎠

 where and n2m 1,2,3...= 2,3,4...=  (31) 

There are other possible radial modes whereby a ‘fine-structure’ is revealed.  

A complete series analysis reveals angular modes that are much closer to each other 

than the radial modes.  If the principal mode analysis is repeated using higher order 

separated azimuthal modal series for both E-field ( j me φ ) and H-field ( j ne φ ) spinors 

a complete azimuthal series is easily obtained from (4-5): 

2 2 2 2
j l j l

2 2

m qH 1 m jq ˆˆe r e
t 4 r 2 r

φ φω∂ ω φ
∂ π π

−
∇ × = +     (32) 
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2 2 2
j k

2 2
0

E 1 n q ˆe
t 4 r

φ∂ ω
∂ π ε

−
= r  (33) 

where it is assumed 1sin =θ at equatorial elevations and once again the speed 

of light is not proscribed.  The energy levels associated with the azimuthal modes are 

separated by a quantum factorα ν=  involving the fine-structure constant α.  Overall 

there are four modes arising from the two spinors.  These modes correspond to the 

experimental data provided by spectroscopy and theory provided by quantum theory. 

Stability 

An important question concerns the stability of the EM spinor solution given 

the well-known instability of electrostatic theory [17]. The total energy exhibits non-

trivial stability points in phase space and may be written so as to emphasise the nature 

of the energy forms present: 

2 2
2 2 o c

Tot e o e c
0 o 0 c

q q1 11 1E m v m v2 2 4 r 4 r
ω ω

πε πε
= + + −   (34) 

The total energy for the electron includes the photon field energy and is 

balanced when  , and  .  The sign associated with the magnetic energy  

shows that EMSFT is consistent with the negative magnetic moment associated 

empirically and theoretically via QED with the electron (Landé g-factor [17]).  In 

terms of Maxwell’s equations, (1c) is seen as a balance of electric and magnetic 

potential energies and (1d) a balance between electric and magnetic kinetic energies 

and the total energy of the photonic field. 

oV = cV oT = cT
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The proton’s motion in the hydrogen atom 

If the proton has ‘infinite mass’(Fig. 7), it is assumed not to move from the 

centre-of-mass and the electron moves with the entire orbital and cyclotron radius     

If a finite-mass proton is used, the EMSFT equations involve both the 

electron and the proton.  In this case, the electric and magnetic potentials become  

functions of the orbital and cyclotron radial distances of both electron and proton.  

There are six equations where, as in (23-25), the cyclotron and orbital frequencies 

are assumed equal.  From these equations, Rydberg’s number can be adjusted giving 

4
1

2 3
0

10967757.78
8

p ee
H

p e

m mq m
R m

c m mε
−= =

+=
 which is in excellent agreement with 

spectroscopic data 110967757.6 m− .The proton orbital and cyclotron radii can be 

estimated as 144 1.169634 x 10e
B

p e

m
r

m m
−=

+
m  while the electron’s orbital and 

cyclotron radii become 104 2.115556 x 10p
B

p e

m
r m

m m
−=

+
.   These results are 

similar to the concept of reduced mass p e

p e

m m
m m

µ =
+

 well known in Bohr’s early 

work.  This estimate of the size of the proton is much bigger than current estimates 

from scattering experiments of 1.2 fm∼ [20] and is due to the fact that there are no 

strong nuclear forces in our model.  The proton’s motion can be better estimated if 

the strong nuclear forces are explicitly included using a more refined 3-quark model 

(Figs. 8-9).  In this case both EM (photons) and strong fields (gluons) are present.  

Further discussion and results are left to a separate report. 
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4. Discussion 

Comparison of EMSFT with conventional field theories 

Compared to classical and quantum fields, EMSFT fields inside the hydrogen 

atom are very different and physically realistic.  They do not exist in all space, only 

inside the atom; they are not radiating fields.  They are assumed to consist of discrete 

photons.  The fields are like “tiny beads on a spiral string”.  Even inside the atom, 

photons do not comprise the whole interior of the atom; photon streams exist only 

between the proton and electron whose motions are also spinorial. In EMSFT there is 

no difference in classification between field and particle; both electron and photon 

yield spinorial solutions to Maxwell’s equations.  

The classical field vectors are measured macroscopically with dipoles and 

coils and therefore are the fields of the everyday world we live in, but these are not 

the COM fields that are used in this report.  They are not mensurable, although they 

do exist in the real world and can be modelled as spinors.   There are many possible 

pairs of Lorentz compatible E- and H-fieldsxi, but only the COM fields are invariant in 

form as velocity is varied. As the rotation speed varies no relativistic correction terms 

are needed. The COM E-field is not a point-to-point field as in Coulomb’s law, but is 

taken between the centres of motion of both the electron and proton, two points in 

vacant space (Figs. A 1-2).  These fields cannot be measured directly in the real world 

but can be calculated.  

Detailed comparison of EMSFT and quantum theory is left to a separate 

report.  Briefly, there is an intimate relationship between these theoretical field 

models, both capable of modelling the hydrogen atom.  The spinor equations, (12-14), 

and energy equations, (23-25), in particular the relationship between their right hand 
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sides and Planck’s energy quanta are reminiscent of the theoretical basis of QED and 

QCD.  Quantum field theory relies on a mixed formulation of two conjugate 

potentials enabling observables such as energy shifts between allowed states to be 

determined.  Compared to this, the spinors of EMSFT provide distance and frequency 

as separated entities. Therefore, unlike QM that cannot provide deterministic motions 

but must provide probabilistic solutions, there is no uncertainty in EM self-field 

theory [9] [21].   In EMSFT motions and frequencies are defined allowing comparison 

with data such as the probability densities provided by QM by choosing a suitable 

time-sample interval (see Fig. 5).  In stark contrast to the edicts of the uncertainty 

principle, the actual time-evolution of the motions can be obtained from EMSFT. 

Planck’s ‘constant’ 

Empirically the value of , comes from (24-25) where=
2

2
0

q2
8

ω
π ε

==   so  

2 2

0 0 0 c

q q
8 v 8 vπε πε

= ==  can be calculated from the solution of the Bohr radius and the 

resonant frequency (27-28). To see the relationship between Planck’s constant and 

velocity, let 
2 2

0

0 0 0 0 0

E q 1 q
8 r 8 voν πε ν πε

= = ==  where 0ν is the frequency and 0E  is seen as 

E-field potential energy.  Hence since v0 = r0ω0  = vc = rc ωc =5.469222 x 105  m/ sec 

we can compare with the known value of Planck’s constant (Appendix A) with our 

estimate to an accuracy of 7 significant figures.  

Obviously this raises an issue at the heart of quantum theory.  Condon and 

Odabasi [2, pp. 14-35] discuss the acceptance of Planck’s constant in the pre-quantum 

era, 1900, as a fundamental concept in that quantities associated with the description 

of atomic phenomena assumed only a discrete set of allowed values that incorporate 
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Planck’s constant.   After failing to find a classical framework for the thermodynamic 

equilibrium of matter, otherwise known as black-body radiation, Planck in an ‘act of 

desperation’ solved the problem by assuming only certain analytic frequencies could 

exist for the radiation. At that time Planck and his contemporaries thought of the 

solution as a mathematical artifice and not a defining point in the evolution of 

quantum physics.  He numerically solved a two-variable problem in h Planck’s 

constant, and k Boltzmann’s constant, using empirical data and thus established the 

groundwork for the photoelectric relationship E ν= = Einstein verified in 1905.  

EMSFT does appear to be the theoretical framework that Planck and many 

others including Einstein sought.  That Planck’s ‘constant’ represents a variable in 

EMSFT demonstrates the fundamental nature of EMSFT.  This finding follows from 

the assumption that the speed of light is not proscribed from being variable in 

EMSFT.  Empirical measurements, no matter how wide spread their physical reach, 

cannot determine whether any quantity, no matter how cherished, is a constant or 

variable until a theoretical framework has been established.   EMSFT is an eigenvalue 

problem and its solution consists of 4 eigenvalues.  The constitutive parameters of 

free-space, ε0, the permittivity, and µ0, the permeability, are also called ‘constants’ 

where deep space is being considered.  These parameters are constants where the 

universe is considered homogeneous and isotropic.  In reality, there are variations, for 

example the outer boundary of the universe, or inside the nuclei of atoms. This means 

there are 6 degrees of freedom in total in EMSFT where the fields are EM fields, 

leaving aside  nuclear forces and weak gravitational forces. This corresponds with the 

6 degrees of freedom indicated by the equipartition theorem 3kT [22]. 
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Where does the self-energy of the system come from?  The theory suggests 

that photons supply the energy to the electron and the proton and vice-versa.  That 

discrete quanta of Planck’s energy are involved in the particle-field interactions 

strongly implicate the photon as the energy provider/mediator for the atomic system.  

The dynamics of the atomic system can be written as (19-21), an inhomogeneous 

system where the rhs contains the photon energy. In addition to representing Planck’s 

quanta, these are derived directly from the current densities of Maxwell’s equations 

(1c).  This suggests two interfacing systems of motion at differing scales each 

supplying the other’s energy; two interfacing inhomogeneous systems of equations.  

The stability of the field/particle system, (32), may also be reflected in a similar 

equation as seen from the perspective of the photon, hence a state of balance between 

the motions and interactions of the proton, electron and photons may exist. 

That Planck’s constant exists on the right hand side of (24-25) demonstrates 

empirically that the source terms of the E- and H-fields of the electron are indeed 

photons as is the case for quantum field theory [5].  Looking at the matrix structure of 

EMSFT, the fields (photons) represent the source terms on the right hand side for the 

electron’s motion.  Vice versa, the motion of the electron (and proton) can be written 

as source terms for the photons if they were written as the particles.  The ‘fields’ and 

‘particles’ are thus interchangeable in the mathematics of EMSFT. The source term 

variable 
2 2

0 0 0 c

q q
8 v 8 vπε πε

= ==  on the right hand sides in this case will be identical in 

both cases yielding Planck’s energy.  A most fundamental finding indeed and an 

insight into self-fields and their balance inside atoms.  Not only are the particles, in 

this case the proton and electron, locked in a dynamic balance but the photons are 
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demonstrably part of this balance. As well as the electron, an EMSFT application 

concerning the internal dynamics of the photon can be examined. 

The E- and H-fields of classical physics are continuously differentiable 

‘objects’ in space-time, as waves moving through a ubiquitous ether.  In EMSFT, the 

fields are represented as photon streams.  Thus EMSFT is not a classical field theory, 

but like quantum field theories, Maxwell’s equations and a quantization are 

incorporated [5].  In EMSFT quantization is not heuristic but an outcome of the  

solution.  There are two photon streams, from proton to electron and electron to 

proton, flowing at a constant rate (photons/sec).   Each photon’s motion is similar to 

that of the electron and proton but of different magnitude and overall shape.  Whereas 

the electron or proton circles along its orbital path, each photon either moves out from 

the proton to the electron or vice versa, spiral in overall orbital form.  

EMSFT and its applications to other physical phenomena 

In contrast to the use of unit spinors within classical and quantum field theory, 

EMSFT uses the physical basis of spinors and as such can be applied as a variable 

across physics.  Particle motions inside high-energy accelerators, orbital and cyclotron 

spin motions in solar systems and galaxies, and the double helix structure of DNA 

exemplify the existence of spinors in the real world. We may think here of numerical 

modelling and the use of approximation functions.  EMSFT can be applied to the 

fields and particles within the nucleus, to the motions of solar systems and super 

galaxies.  There appears to be a hierarchical system of physical spinors that can be 

modelled by EMSFT.  Spinor fields undergo a form of ‘differentiation’ on scales 

larger than the atom and an ‘integration’ on smaller scales (discussion on quarks 

below), while the spinor particles appear to operate in the opposite direction of scale.   
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For dynamic balances where elliptic solutions occur the spinors vary over each 

rotation and a numerical approach may be needed to obtain the motions. Further, 

atoms are not stable in only the one state as given by EMSFT in this report since the 

equilibrium points in state-space are saddle points allowing for small perturbations 

around a central equilibrium state without becoming unstable.  In the sense that there 

are many possible motions involved in the overall spinorial motion, the motions may 

average out to the simple circular solutions given in this report.  In EMSFT, the fields, 

forces and motions, can all be modelled as spinors. EMSFT also applies to non-

equilibrium applications where the spinors can again vary with time.   

The photon’s orbital motion in hydrogen atom is not unlike spiral forms seen 

in galaxies and elsewhere [10, p. 672].  These spiral shapes have half-integer ‘spins’ 

associated with them, 180˚, 540˚, 810˚ etc reminiscent of the angular spin of quantum 

theory, whereby dynamic balances as in atoms can be achieved. One particular series 

of dynamic balances relates to the successive radial gradients of the gravitational 

force and other presently observed but theoretically unknown gravitation-like forces 

acting at the galactic and super-galactic levelsxii. In the hydrogen atom there are two 

spiral streams of photons, one flowing from proton to electron, and another from 

electron to proton.  The two streams associated with each particle are orthogonal to 

each other and hence so too are the E- and H-forces, while the photons from each 

particle are anti-parallel to those of the other particle.  The concept of a photon beam 

or stream is an accepted physical description [10, p. 671-3].  Instead of a straight-line 

stream where all particles have the same velocity, the stream is a helix where the 

photon velocities have a circular variation.  These streams support/create the spinor 

motions of the electron.  The two mutual photon streams also form coupled spinor 

motions. The spinors formed by the motions of charged particles and the photons are 
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valid solutions to Maxwell’s equations; fields and the motions of particles are very 

similar.   Barut [23] discussed the duality of particle and field in classical and 

quantum field theory. 

The EM field studied by Einstein in the early 20th century consisted of discrete 

photons.  In classical field theory these photons are assumed to radiate equally in all 

directions, over all solid angles to infinite radius. In the EMFST, photon streams do 

not radiate in all directions but only between masses; also, they do not radiate to 

infinity since they are not massless.  These distinctions are crucial in solving current 

cosmological problems seen to require a quantized form of gravitation [24, p.165]. 

The fact is that by direct substitution Maxwell’s equations turn out to be useful 

for both the electron in the hydrogen atom and, as was known a priori, they can be 

used to determine E-and H-fields, or equivalently photon densities. Hence Maxwell’s 

equations can be used for analysing both particles and fields. As Barut pointed out we 

already knew this [23].  In EMSFT the particles and the fields are both discrete, the 

field having a quantum nature as well as the atom, albeit of a different kind.  

The coupled spinors come from the motions of the electron and the proton, a mutual 

motion. Quantum theory involves mathematical entities such as matrix or tensor 

elements.  In EMSFT, the spinors are physical entities such as motions and can be 

used as the variables in the mathematical formulation.   The spinors form elements of 

a closed, self-sustaining system composed of two particles whose motions are mutual 

and complementary.  Each spinor can be written mathematically as column vectors 

that are coupled via 2x 2 interaction sub-matrices of the overall interaction matrix.   

One of the coupled spinors is associated with the E-field as seen by the electron, and 

the other with its H-field. Conversely, the proton sees these two spinors as an H-field 
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and an E-field respectively. It is worth noting in the hydrogen atom that both streams 

transverse the same path, as both particles appear symmetrically to each other at all 

times. Since the spinors are 90˚ out of phase with each other, the two spiralling 

streams do not collide with each other even though they follow opposite paths 

towards and past each other. This is not the case where equilibrium is not maintained. 

There are other complex situations that can occur where there are other forces at play 

including any weak and strong nuclear forces.  

Strong Nuclear Fields 

One fascinating aspect of EMSFT and the spinors that represent the motions of 

the electron, the proton, and the photon, is the relationship of the spinors to the strong 

forces inside the nucleus and the ability of the quarks inside the proton to balance 

each other in triplets.  As is well known, there are three quarks inside the proton.  In 

this case there is a self-field interaction sub-matrix of size 3x6 per particle as distinct 

from the EM field sub-matrix that is of size 2 x4. Now each particle has three spinors 

that mutually link the three quarks together.  Each spinor operates in a plane and the 

three planes form an orthogonal set in 3D space.   This means that there exists a 

system of equations similar to Maxwell’s equations but having additional differential 

components such as to form 4 scalar equations instead of the 3 associated with 

Maxwell’s equations.  

Fleming and Colorio [12] [13] have recently suggested that the strong 

nuclear fields controlling the motions of charged particles satisfy the following 

adaptation of the Maxwell-Lorentz equations, (35).  In general, the region is 

assumed isotropic and homogeneous and nε , nµ and nν are invariant scalars. Where 
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nuclear sub-particles, quarks, carrying units of elementary charge qq are studied, the 

modified Maxwell-Lorentz equations can be written  

q
q

4E q
v
π

∇ =
G
i   (35a) 

H 0∇ =
G
i   (35b) 

N 0∇ =
G
i   (35c) 

n
HE 0

dt
∂µ∇ × + =
GG

  (35d) 

n q
q

EH q v
dt s

∂ πε∇ × − =
GG G   (35e) 

n
EN

dt
∂ν∇ × + = 0
GG

  (35f) 

where the modified Lorentz equation for the forces acting on the quarks is written 

q q qF q E q v B q v M= + × + ×
G G G GG G   (35g) 

and the constitutive equations nB Hµ=
G G

, nD Eε=
G G

and nM ν= N
G G

where nε  nµ and 

nν are invariant scalars, the nuclear constitutive parameters similar to those of free 

space, 0ε  and 0µ , except the energy density within the nucleus now depends upon the 

three gluon fields N N 0 0 0
1dU dV ( E E H H N N )dV
2

ρ ε µ ν= = + +� � � � � �i i i where is 

termed the nuclear field and is the nuclear flux density. As with c =

N�

M� 1 2
0 0( )ε µ − there 

are corresponding relationships between the gluon speed and the ratios of the three 

fields.   These modified equations provide three orthogonal motions per quark. There 

are six unknowns per particle, eighteen in the nuclear system.  The curl equations, 

(35d-f), provide four scalar equations, and there are two virial equations to give six 
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equations in six unknowns.  Like the photon, the resulting analytic parametric 

solutions may be compared to the experimental results given by particle physics. 

In this strong nuclear force case, there are 3x4 scalar curl equations + 3x2 

force balance equations making 18 equations in 3 particles altogether that can be 

solved to yield 6 quantum numbers per particle in nuclear structures.  This compares 

with the 2x3 scalar equations from Maxwell’s curl equations plus 2 force balance 

equations totalling 8 equations per 2 particles, giving 4 quantum numbers per particle 

for atomic structures. The two extra quantum numbers agree with the experimental 

observations of high-energy physics [7].  The 3 quarks have 3-way streams so that 

each particle performs spinor motions in 3 planes and not 2 as in the case of EM 

related particles such as the proton and the electron.  Now of course the only way that 

the quarks can perform these additional spinor motions is if the photons themselves 

have formed into compounds beyond ‘ordinary’ or low-energy photons.  When 

photons are inside high-energy regions they may exist in higher energy states and 

compounds.  Like atomic structures then, photons may also form into structured 

compounds. In the case of quarks, the photon particles may have a third spinor motion 

when they form into triplets.  The forces these photonic compounds carry yield the 

third component of spatial direction and they only carry this extra force component 

inside the nucleus. 

Photonic states and compounds 

The ongoing search for an upper limit of the photon’s rest mass has continued 

over many decades [10] [25].  The aim of the search is to quantify the cut-off between 

classical and quantum electrodynamics and to establish the accuracy of Coulomb’s 

electrostatic square law.  Different experiments have tightened the limit downwards.  
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Due to earth’s geomagnetic field, fluctuations in the torque of a Cavendish balance 

are observed.  The Jovian geomagnetic effect has similarly been measured.  In 

addition, magnetic fields have been found to permeate the cosmos arising if photons 

possessed mass during the big bang.  The current best-estimate is kg .   

If photons are indeed massive, EMSFT may reveal an internal dynamics. 

51
ph 104m −×<

EMSFT provides a spinorial solution for the electron in the hydrogen atom 

and, if its mass were known, the photon.  It is suspected from known physical data 

that photons may have similar states and compound structures to atoms [12] [13].  

The ‘ordinary’ photon of free space may have two particles, similar to the hydrogen 

atom, rotating around each other to achieve a balance of their dynamic energies.  

Since the energy response of the photon is continuous, the two particles have equal 

mass.  The difference between quantum and continuous physics is seen as the ability 

of continuous systems to solve the underlying equations at any frequency due to the 

mass equality of their sub-particles (Fig. 10).   

While the photon’s mass is not known beyond a lower limit [10], photons are 

seen to obey EMSFT as do atoms.   Inside atoms there are central nuclear regions of 

enhanced energy densities where photonic states and compounds might exist due to 

the slower moving nucleus sweeping out larger volumes relative to the faster electron.  

Photon states and compounds may help explain some important ecological and 

biological phenomena.  Schumann resonances occur at extremely low frequencies (8, 

14, 20, 26, 32 Hz, etc.) the result of the earth-ionosphere region having a discrete 

geometry, a series of spherical layers, that forms a large resonant cavity waveguide 

whose resonances are sensitive to variations in temperature.   These layers may be due 

to the increase in energy density as the earth is approached or departed by photons.    
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The energy states of individual cells and tissues composed of many cells 

acting in cooperation may depend on photonic mechanisms and on the dynamic 

balances given by EMSFT.  First, H2O in the cell may take liquid or crystalized multi-

layered forms inside and around chromosomes and other macromolecules [26]. Such 

structures may depend on slow changes induced by shifts between photonic states 

driven by changes in energy.   Second, cell division may depend on sudden changes 

induced by similar photonic shifts.  The E- and H-fields in and around DNA and other 

structures such as the extra cellular matrix may change abruptly over the cell cycle.  

Dramatic cellular changes are observed: the chromosome first aligns at the cell 

equator in equilibrium between the spindle poles, it then cleaves into halves; each 

chromatid replicates into a complete chromosome that moves to its spindle pole; the 

membrane walls cleave at the equator into two complete cells [27].  The energy 

distribution inside cells and tissues may reflect the type of dynamic balance seen 

within the hydrogen atom.  Such applications to computation cell biology [28] will 

require numerical versions of EMSFT to be tested against known data [29].   

5. Conclusion 

In this report it has been demonstrated that despite a century of suggestions 

to the contrary, it is possible to successfully use EM theory as a basis for the physics 

of the hydrogen atom.  Assumed spinor forms consistent with Maxwell’s divergence 

equations for the E- and H-fields were shown to also be consistent with Maxwell’s 

curl equations.  These spinor fields were unconventional, defined between centres of 

rotation rather than between charge points.  They are a priori correct relativistically. 

Using Maxwell’s equations they provide a system of two spinors, or four equations 

in four unknowns, the radial distances and frequencies of the coupled spinors of 
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each particle.  Applying these forms of analytic solution to the hydrogen atom, the 

dynamics of the electron was determined. These solutions were consistent with 

spectroscopic data and quantum theory. Analytic expressions obtained for the 

resonant frequencies and radii agreed with Rydberg’s number and Balmer’s formula.  

In terms of present knowledge of the electron in the hydrogen atom EMSFT 

introduces no new physics, only a simpler, clearer version of existing knowledge.  

The EMSFT model of the hydrogen atom used a simplified dynamics 

involving only EM dynamics using two spinors per particle. The internal structure of 

the neutron and proton each having three spinorial motions to model the strong 

nuclear forces may allow a more general treatment of atomic and nuclear systems.  

Other applications await the broad theoretical approach of EMSFT.  The next stage 

of the development of the EMSFT is to develop a numerical version of the theory 

and to compare these numerical results with quantum theory. 

6. Acknowledgments  

This work stems from the author’s Ph.D. studies completed 1996 in the Dept 

of Mathematics and Statistics at Monash University under his supervisors, Prof. Joe 

Monaghan, Dr Andrew Norrish, and Dr Greg Cambrell (Dept. of Elec. Eng).  He 

acknowledges their initial help with the present study; the assistance of Dr Werner 

Hofer of University College London for his comments regarding the format of the 

paper and for a number of email discussions that encompassed the study; the 

editorial staff of Physics Essays for their kind help with the many revisions and 

suggestions that have strengthened the original paper.  Finally, he would like to 

thank his colleague Elizabeth Colorio (Biophotonics Research Institute) for her 

assistance with both the theoretical content and the diagrams.   



 33

7. References 

[1] E. Whittaker, A history of the theories of aether and electricity, 2, (Harper & 

Brother, New York, NY, 1960) 

[2] E.U. Condon and H. Odabasi, Atomic structure, (Cambridge University Press, 

Cambridge, 1980)  

[3] J.C. Maxwell, Phil. Trans. Clv, 459 (1864). 

[4] J.D. North, The measure of the universe, (Clarendon Press, Oxford, 1960) 

[5] W. Heitler, The quantum theory of radiation, (Dover, New York, NY, 1984) 

[6] W. Heisenberg , Introduction to the unified field theory of elementary particles, 

(Interscience, New York, NY,1966) 

[7] W.N. Cottingham and D.A. Greenwood, An introduction to the standard model of 

particle physics, (Cambridge Univ Press, Cambridge,1998) 

[8] W.A. Hofer, “Masses and fields in microdynamics: a possible foundation for 

dynamic gravity” in Frontiers of Fundamental Physics IV, eds. B.G. Sidharth and 

M.V. Altaisky, (Kluwer Academic /Plenum, New York, NY, 2001) 

[9] W.A. Hofer, Physica A256, 178 (1998) 

[10] J.D. Jackson, Classical electrodynamics, 3rd Edition, (John Wiley & Sons, New 

York, NY, 1999) 

[11] A.H.J. Fleming, "Can a cross-dipole sustain a standing wave?", in draft, 2004. 

[12] A.H.J. Fleming and E.B. Colorio, “Prediction of a photonic chemistry”, (26th  

annual meeting of BEMS, Washington, June 20-24, 2004a) 

[13] A.H.J. Fleming and E.B. Colorio, “The spectroscopy of the EM field”, (3rd 

International Workshop on Biological effects of EMFs, Kos, 4-8 October 2004b 

[14] R.F. Harrington, Time harmonic electromagnetic fields, (Mc-Graw-Hill, New 

York, NY, 1961) 



 34

[15] K.K. Mei, IEEE Trans. Antennas and Propagat., AP-22, 760 (1974)  

[16] A.H.J. Fleming, "A finite element method for composite scatterers", in Finite 

element and finite difference methods in electromagnetic scattering, ed. M.A. 

Morgan, Progress in electromagnetics research, PIER-2, (Elsevier, New York, NY, 

1988) 

[17] A. Von Hippel, Dielectrics and waves, (John Wiley & Sons, New York, NY, 

1962) 

[18] B.V. Vasil’ev and V.L. Lyuboshits, Physics-Uspekhi, 37(4), 345, (1994) 

[19] G.P. Thomson, Proc. R. Soc., A, 119, 651 (1928).  

[20] K.S. Krane, Introductory nuclear physics (John Wiley & Sons, New York, NY, 
1988)  

[21] W. Heisenberg, The physical principles of the quantum theory, (Dover, New 

York, NY, 1949) 

[22] W.H. Cropper, Great Physicists, (Oxford University Press, N.Y, N.Y.2001) 

[23] A.O. Barut, Electrodynamics and classical theory of fields and particles (Dover, 

New York, NY, 1980) 

[24] S. Hawking, A brief history of time, (Bantam, London, U.K.,1988)  

[25] R. Lakes, Phys. Rev. Lett. (80), 9, 1826 (1998)  

[26] G. N. Ling, Life at the cell and below-cell level, (Pacific Press, Melville, NY, 

2001)  

[27] L. J. Gagliardi, “Electrostatic force in prometaphase, metaphase, and anaphase-A 

chromosome motions”, Endogeneous Physical Fields in Biology, (URSI International 

Symposium July 1-3, Prague, Czech Republic, 2002)  

[28] A, H. J. Fleming, “Towards computational methods for studying cellular effects 

due to EM fields”, Fifteenth Annual Review of Progress in Applied Computational 

Electromagnetics, (ACES Symposium March 15-19, Monterey, CA, 1999). 



 35

[29] F.A. Popp, About the coherence of biophotons, Microscopic Quantum 

Coherence, Proceedings of an International Conference, (World Scientific, River 

Edge, NJ,1999) 

[30] B.F. Schutz, Geometrical methods of mathematical physics, (Cambridge Univ 

Press, Cambridge,1980)  

[31] B. Jancewicz, Multivectors and Clifford algebra in electrodynamics, (World 

Scientific Publishing, Singapore,1988) 

 [House 1998]  

[32] J. Gibbon, Science a history 1543-2001, (Penguin, London, 2002)  

[33]. Einstein, “Relativity, the special and general theory”, in Albert Einstein in his 

own words, (Portland House, New York, NY, 2000) 



 36

8. Appendix A 

 

Physical constant Symbol Known valuea  

Planck’s quantum =  341.054589 10 J s−× ⋅

 

Speed of light c = 1 2
0 0( )ε µ −  2.99792458 x 108 m s-1 

Fundamental unit of charge q 1.602189 x 10-19 C 

Permittivity of free space ε0 107/(4πc2) 

Rest mass of electron me 5.485803 x 10-4 x u  

Rest mass of proton mp 1.00727647  x u  

Mass scale factor relative to C12 u 1.660566 x 10-27 kg 

Bohr radius rB 0.5291771 x 10-10 m 

Table 1: Physical Constants. 
 

9. Appendix B 

Mathematical preliminaries  

(a) EM particle and field motions described via variable 2-D spinors  

The mathematics of classical and contemporary quantum field theories goes 

back to the mid-19th century [22] [29] [30].  Fields are seen in relativistic dynamics as 

auxiliary quantities behind particles, and in relativistic field theory as real ‘objects’ 

                                                           
a [20] 
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able to fill the whole space like a ‘fluid’.   Scalar, vector, tensor, and spinor fields are 

defined as mathematical entities [30].  

Spinors are conventionally defined as having constant magnitude, similar to 

unit vectors.  Such spinors are used as bases for Lorentz fields, continuously 

differentiable objects in 4D Hilbert space, or pairs of spinors each in 2D Hilbert 

space.  In particle physics, spinors are two-component complex column vectors of 

constant magnitude used to represent motions of particles with intrinsic half-integral 

spin (fermions have spin 3 5, , , ...
2 2 2
= = = ).  In general, such unit spinors are used as a 

basis for Hermitian matrices whose determinants are positive definite and whose 

eigenvalues are all real [23].   The EM field equations and the stress-energy tensor can 

both be expressed in terms of unit spinors.  

In this report, variable spinors are used to model the COM fields.  The term 

represents space-time vectors whose magnitude may vary and rotate extrinsically 

according to Maxwell’s equations. Space-time vectors that rotate (spin) in a single 2-

D plane can be expressed in terms of a complex C2 basis e.g. jm
or e φ� .   The motions of 

charged particles that perform EM rotations may be termed spinorial.  For example 

the motions of the electron in the hydrogen atom is described via two spinors (see (8) 

and Fig 7).  At the same time, the photons that comprise the EM self-field also 

perform spinorial motions as they move between electron and proton.  In this case, the 

fields perform inward spirals towards the proton, and outward spirals towards the 

electron, while performing these spinorial motions.  

(b) Centre-of motion (COM) E- and H-Fields   

The spatially continuous nature of the fields currently used within quantum 

field theory is fundamentally different to the discrete nature of the COM fields used in 
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this report.  The differences are reminiscent of Planck’s initial explanation of black-

body radiation in 1900 assuming only certain frequencies were present in the EM 

oscillators [32].  These COM fields have a particulate or quantum nature imbedded in 

them a priori.  As a tool for mathematically modelling various situations they can be 

used widely across physics since there is no difference between particle and field; 

what is perceived as a particle at one level can be a field at a larger scale from within 

nuclei to the domain of the universe, as with a fractal.  The mathematics of EMSFT 

applies to different domains with either a quantum or a continuous, classical-like 

physics applying to each domain depending on the masses of the sub-particles 

involved (see Fig.10).  In general, various forms of potential and kinetic energies can 

be linked together using Maxwell’s equations and/or modified systems of equations 

inside nuclei where additional spinorial motions and their associated energies are 

possible (see Fig. 9 where inside the proton a third spinorial motion is possible for 

both quarks and gluons at high energy densitites).   

Jackson discussed the assumptions in basing electromagnetics on Coulomb’s 

law of electrostatics and the Biot-Savart law of magnetic induction [10].  Both laws 

are based on macroscopic experiments conducted in late 18th to early 19th centuries.  

The EM field forms that ensued are assumed to carry over to atomic [8][10], nuclear 

[7], and cosmological [4][9][33] domains. It was natural in the macroscopic domain to 

assume all actions occurred directly between charges.  The fields were assumed to 

extend from charged particles over all solid angles to infinity.  How the fields impart 

forces upon charges was unclear; the fields somehow ‘mediated’ the forces. Bohr 

applied these field forms to the hydrogen atom with some success but the problem 

remained until quantum mechanics showed the way forward [1].  One major 

assumption in applying these fields to atoms is that in Coulomb’s law they should be 
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stationary.  Yet atomic charged particles move.  Perhaps these classical field forms 

that have been incorporated within quantum field theory may not be correct at the 

sub-atomic level and over other domains as well.  It is a matter of trial and error to 

theoretically test other field forms against a wealth of known empirical data.  

In this report, the E- and H-fields are taken relative to centres of motion of 

atomic particles in dynamic equilibrium, and relative to the coordinate system of an 

isolated stationary hydrogen atom (see Figs. 2-3).  The finding that these COM forms 

can provide an EM theory consistent with known empirical data for the hydrogen 

atom is proof of their accuracy at the atomic level.  That the E-field forms are inverse 

square functions of the orbital and cyclotron separations, as in Coulomb’s law, and 

similarly for the H-fields as in the Biot-Savart law, is also confirmed by the analytic 

solutions derived via EMSFT.  The fields are assumed to consist of photon streams 

and the process of force mediation is similar to kinetic models of gases where 

numbers of collisions occur over the walls of a container thus imparting pressure over 

the area of the wall.  Similarly, photons are considered to ‘collide’ in some coherent 

way with the charged particles thus imparting impulses that averaged over time 

become the fields and forces at the atomic level given by Maxwell’s equation. Spatial 

and temporal averaging processes are important in the mathematics of EMSFT.  

In the hydrogen atom, the essential physics is the spinorial motion of the 

photons that move between the charged particles that also perform spinorial motions 

in concert with the photons.  These photonic motions yield both an axially-directed 

force and an axisymmetric or rotational force on the particles when averaged over 

statistical mechanics numbers of impulses, in other words the E- and H-fields at 

atomic levels of interaction.   
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To mathematically describe the physics, we choose the four independent 

coordinates to form the two spinors ( , , , )o o c cr rω ω  shown in Fig. A 1 that are related to 

the 4 coupled spherical coordinates ( , , , )o o c cr rφ φ shown in Fig.3. There is a simple 

mathematical relationship between these orbital and cyclotron spinors since the E-

fields rotate clockwise while the H-fields rotate anti-clockwise.  Also, since the 

mathematics turns out to be an eigenvalue problem, the rotation speeds of the modes 

are related by integer multiples of the principal mode.  We choose to describe the 

coupling between the rotations via imaginary numbers where the phase shift (also 

shown in Fig. 4) is 2
π   This can be thought of as a phase shift between the spinors 

that in imaginary numbers becomes simply ‘ ’ (see Appendix A(c) below).   j

Fig. A 1 illustrates the centres of motion of the fields acting between two 

particles, qe and qp of equal mass em m p=  and opposite charge eq pq= − .     In this 

symmetric case, the motions for the orbital and cyclotron radii of both particles are 

assumed to be circular.  In general the relative time-varying orbital radial distance of 

qe is given by the spinor ,
,

e oj t
e or e ω� , and the cyclotron radial distance by ,

,
e cj t

e cr e ω−� while 

the relative time-varying orbital radial distance of qp is given by the spinor ,
,

p oj t
p or e ω� , 

and the cyclotron radial distance by ,
,

p cj t
p cr e ω−� .  The overall orbital and cyclotron 

separations can be written 

,,
, , ,

p oe o j tj t
ep o e o p or r e r e ωω= +� � �        (A 1)  

,,
, , ,

p ce c j tj t
ep c e c p cr r e r e ωω −−= +� � �       (A 2) 
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Generally the orbital and cyclotron spinors may be fixed or varying in 

frequency, in keeping with the need that the total system self-energy remains constant 

at all times unless external factors intervene. Where the particles are in dynamic 

balance the electron and proton orbital and cyclotron frequencies are equal,  

, ,e o p o oω ω ω= =  and , ,e c p c cω ω ω= =  

( ), , ,
oj t

ep o e o p or r r e ω= +� � �        (A 3) 

( ), , ,
cj t

ep c e c p cr r r e ω−= +� � � .        (A 4) 

If needed there is a swapping between the electric and magnetic energies of 

the particles; for example when a particle slows down in an elliptic orbital path, its 

cyclotron motion speeds up, thus the particle energy is fixedxiii. Fig. 4 shows the two 

coupled spherical coordinate systems that define the orbital and cyclotron distances.   

The energy density of the region is controlled by the constitutive parameters ε0 

and µ0 as given by (B 5a-b).  In generalized media the permittivity and permeability 

are related to the relative permittivity εr where r 0ε ε ε=  ,and relative permeability µr  

where r 0µ µ µ= .  In various media such as metals, dielectrics, or biological tissue, 

relative permittivities and permeabilities can vary by several orders of magnitude and 

hence the kinetic and potential energies, the forces, fields and energy densities also 

vary.  Mathematically EM applications have 6 degrees of freedom per sub-atomic 

particle; the orbital and cyclotron velocities oj t
e ,o e e ,ov j r e ωω=� � , cj t

e ,c c e ,cv j r e ωω −= −� � , 

and the constitutive parameters. In regions of high energy density such as the nucleus, 

the motions of particles and fields consist of three orthogonal spinors and hence each 

particle possesses extra kinetic and potential energies than in EM interactions; overall 
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in such regions of high energy density there are 8 degrees of freedom, three spinors 

and the constitutive parameters. 

In the case for the proton and electron in the hydrogen atom, where , 

, and , the principal orbital motions are at balance again circular and 

that is the case of interest in this report. The relative positions of the proton and 

electron define their E-fields, while their relative positions and velocities define their 

H-fields.   These relative motions also define the proton and electron centres of 

motion (Fig. 7). The forces acting on the electron 

p em m�

eq = −q qpq =

E ,eF�  and proton E , pF�  due to the 

mutual E-field acting between the two orbiting particles are attractive and are written 

2
e ,o

e 2

d ( r )
m

dt
= −

� �qE        (A 5) 

2
p ,o

p 2

d ( r )
m

dt
=

� �qE        (A 6) 

o

2
ep ,o j t

E ,e 2
0 ep ,o

r̂qF e
4 r

ω

πε
−

=�        (A 7) 

o

2
pe ,o j t

E , p 2
0 pe ,o

r̂qF e
4 r

ω

πε
−

=�        (A 8) 

where is the orbital separation vectors and ep ,o pe ,or r= −� � ep ,o pe ,oˆ ˆr r= the unit orbital 

separation vectors.  The forces acting on the electron H ,eF�  and proton H , pF� due to the 

mutual H-field acting between the two rotating particles are repulsive. Where the 

constitutive parameters are assumed to be dependent on the speed of the particle 

2 2 2 2
0 0 o o c c1 ( r ) 1 ( r )ε µ ω ω= = , the forces can be written 
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2
e ,c

e e2

d ( r )
m q v

dt
= − ×

�
,c B   (A 9) 

2
p ,c

p 2

d ( r )
m q v

dt
= ×

�
p ,c B   (A 10) 

c

2 2
ep ,c ep ,cc e ,c 0 cj t

H ,e
0ep ,c e ,c ep ,c

ˆ ˆr rq r qF e
4 4r r r

j teω ωω µ
π πε

−= =� −     (A 11) 

c

2 2
c p ,c 0 pe ,c pe ,c cj t j t

H , p
0pe ,c p ,c pe ,c

ˆ ˆq r r rqF e
4 4r r r

eω ωω µ
π πε

−= =� −     (A 12) 

where ep ,c pe ,cr r= −� �  are the radial cyclotron separation vectors, and 

the unit radial cyclotron separation vectors between the charges.  ep ,c pe ,cˆ ˆr r= −

  

Where the ‘infinite mass’ proton approximation is assumed (Fig. 2) the E- and 

H-field vectors for the electron can be written in terms of orbital and cyclotron spinors  

2
ep ,o

E ,e o3
0 ep ,o

r̂qF
4 r

σ
πε

−
=�    where oj

o ep ,o o ep ,o( r , ) r e φσ ω =    (A 13) 

2
ep ,c

H ,e c3
0 ep ,c

r̂qF
4 r

σ
πε

≅�   where cj
c ep ,c c ep ,c( r , ) r e φσ ω −=   (A 14) 

where the parametric functions of time and speed o otφ ω=  and c ctφ ω=  are written 

explicitly as orbital and cyclotron phase angles.  The radial separation of the charges 

in this approximate case can be obtained ep ep ,o ep ,cr r r= +� � � .  The two components are 

not generally orthogonal to each other; thus the separation varies with time and is a 



 44

function of both orbital and cyclotron angular frequencies.  The forces can be seen to 

be centre-seeking (centripetal) and centre-repelling (centrifugal) and as such form a 

balanced system in dynamic equilibrium.  The overall motion of the hydrogen atom is 

a combination of all the electric and magnetic forces, a time-varying function of the 

orbital and cyclotron spinors. By representing the cyclotron phase angle as c ctφ ω= −  

and the separations as  and o ep ,r r= o cc ep ,r r= , the spinors and fields can be written in 

terms of positive exponentials as  

j toe
o o o o( r , ) r e

ω

σ ω =         (A 15) 

cj t
c c c c( r , ) r e ωσ ω =         (A 16) 

In the case of the principal mode where one period occurs within both the orbital and 

cyclotron motions, the phase angles are the negative of each other c oφ φ= − .  Within  

this coordinate transformation, each time we either differentiate in time or space we 

must be careful to ensure the sign of our magnitudes are correct. 

While the fields on the electron eE� and eH� are orthogonal at all times, the 

forces E ,eF
G

and H ,eF
G

are not, although they are orthogonal to the velocity of each 

particle; similarly for the proton.  

(d) Imaginary numbers in 4-D coordinate systems 

Oftentimes in EM formulations, complex numbers are used from the start, a 

theoretical procedure is followed, at the end the real and imaginary parts are collected 

and the imaginary parts are discarded.  In this report a physical significance is meant 

for both real and imaginary parts of the formulation at all times.  This said, imaginary 
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numbers are treated no differently within this report to their common usage except 

that the concept is generalized to the 4-D coordinate system involving the two 

coupled spinors as illustrated in Fig. 3.  They are ‘real’ in the sense that they are 

orthogonal entities to mathematically real numbers.  Wherever the symbol ‘ ’ 

appears in 3-D coordinate systems it can be substituted by a real component in an 

orthogonal direction.  We may thus think of it as an ‘orthogonality operator’.  Defined 

in terms of imaginary numbers, 2-D spinors are rotations moving in planes that 

include axes orthogonal to a stated direction, e.g. (A 3-4) where time is a parameter of 

rotation.  The interpretation is consistent with the conventional cyclic ordering of 

coordinate systems, e.g. cartesian

j

( ), ,x y z , spherical ( ), ,r θ φ and cylindrical ( ), , zρ φ . 

Thus .  A positive imaginary number is a distance in a positive orthogonal 

direction and similarly for a negative imaginary number; thus

ˆjx y= ˆ

ˆˆjθ φ− = − .  It should be 

noted that an alternative but more complicated notation for imaginary numbers 

 in 3-D might have been used in this report, whereas the sole symbol  is 

used to denote orthogonality to any direction as is its common usage in mathematics. 

The interpretation to orthogonality also holds for the parametric time operator and its 

differentials as shown in Fig. 4.  There is implicit in electromagnetics a cycle of 4 

phase shifts of 

( , ,j k l ) j

2
π  involved in the physical directions of differentials whether spatial 

or temporal.  For the strong nuclear forces where three spinors are involved the cycle 

is longer being 6 phase shifts of 3
π that complicates the mathematics to some degree. 
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FIGURE CAPTIONS: 

Fig. 1  A charged atomic particle moving due to E- and H-fields.   Two geometric parameters are 

associated with the motion, the radius of motion rq and the surface area of intersection sq

Fig. 2 Hydrogen atom modelled with ‘infinite mass’ proton 

Fig. 3 A rotating pair of orthogonal E- and H-fields.    

Fig. 4 Orbital and cyclotron radii and velocities of electron showing spherical coordinate system 

oriented at the electron’s electrical centre of motion (centre of mass).  The coordinate systems of the 

orbital and cyclotron motions are coupled via the EM field equations. Only four of the six spatial 

coordinates are independent, as in space-time coordinate systems. 

Fig. 5 The time derivatives of the EM field form a series, n=0,1,2,3, that returns to the initial direction 

after a complete cycle.  Shown is the E-field series that lies in the r-φ plane 

Fig. 6  Coupled spinor solution; the motion spinors rotating in or oφ− and cr cθ−  planes where 

and o cr 4r= c 16 oω ω= .   Such a plot provides comparison with the probability densities of 

quantum theory  

Fig. 7 Hydrogen atom modelled with finite-mass proton.  

Fig. 8 Hydrogen atom modelled with both strong and EM fields with a finite-mass proton consisting of 

3 quarks coupled via gluon fields. 

Fig. 9 Proton modelled as 3 quarks coupled via gluon fields. 

Fig. 10  EMSFT provides a rationale for the differences between (a) quantum physics (e.g. he hydrogen  

aattoomm))  hhaavviinngg  aa  ddiissccrreettee  eenneerrggyy  ssppeeccttrruumm  aass  ooff  iittss  ssuubb--ppaarrttiicclleess  mmaasssseess  aarree  uunneeqquuaall;;    oonnllyy  cceerrttaaiinn  rraaddiiii  

aanndd  vveelloocciittiieess  aarree  vvaalliidd  ssoolluuttiioonnss  ttoo  tthhee  EEMMSSFFTT  eeqquuaattiioonnss;;  aanndd  ((bb))  ccoonnttiinnuuoouuss  pphhyyssiiccss  ((ee..gg..  tthhee  pphhoottoonn))  

hhaavviinngg  aa  ccoonnttiinnuuoouuss  eenneerrggyy  ssppeeccttrruumm  aass  iittss  ssuubb--ppaarrttiiccllee  mmaasssseess  aarree  eeqquuaall,,  aallll  rraaddiiii  aanndd  aassssoocciiaatteedd  

vveelloocciittiieess  aarree  vvaalliidd  ssoolluuttiioonnss  ttoo  tthhee  EEMMSSFFTT  eeqquuaattiioonnss. .
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Fig. A 1  Geometry for determining the centre-of-motion E- and H-fields.  In this diagram both 

particles have equal magnitudes of mass and charge.  

Fig. A 2  (a) Particle in A-1 moves along the +X-axis performing internal rotations in XZ-plane (b) 

each sub-particle performs a cycloid motion.  Where time is related to the internal rotations of the 

particle, its motion can be shown to be relativistic.  As the velocity in X increases there will be a time 

and length dilation as given by the Lorentz transform.  
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i Appendix A lists all relevant physical constants and their known values. 
ii Appendix B details the mathematical preliminaries including spinors, the centre-of-motion (COM) E- 

and H-fields and the usage of so-called imaginary numbers within 3- and 4-D coordinate systems. 
iii In EMSFT, the speed of light is not proscribed from being variable.  Depending on the energy 
density of the region under investigation, and the photon state, c can vary inside nuclei.  Recently  
Fleming and Colorio assumed the photon is massive and hence has a spectroscopy similar to the 
hydrogen atom, having Balmer-like states; these photonic states are continuous due to the photon’s 
sub-particles having equal mass [12] [13]. 
iv Where a nebular current density is used in (1d), the factor 4π comes about from an application of 

Green’s theorem leading to a surface over the volume enclosed by the charge density.  For the case of 

discrete charges, the factor π represents the area enclosed by the moving charge-point. 
v For non-periodic motions, any imbalance may perhaps be formulated in terms of the weak forces 

found in radioactive reactions and atomic/nuclear radiation/absorption reactions in general. 
vi Photons cluster in regions of enhanced energy and can partake in the formation of high-energy 

nuclear particles. 
vii Thus the energy volume density due to photon density is much higher near the proton. 

viii The scalar potentialϕ  is related to the E-field ( φ

πε
ϕ je

r
q

04
1−

= ) 

ix Demonstrating its similarity to potential theory, this H-field form can also be derived from the vector 

and scalar potentials 
0

1H A
µ

= ∇ ×
GG

and 
0

A 1 ( E )
t

∂ ϕ
∂ ε

−
= + ∇ . 

 
x This constant cancels out in applications to periodic equilibria, but not for radiation reactions. 
xiAll such Lorentz compatible vector pairs form a set of triangles lying on the circumference of a semi-

circle whose diameter squared is proportional to the energy density. 
xii These forces and their relationship to EMSFT will be discussed in a future report on the unification 

of the physical forces. 
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xiii It is possible to study planets with large eccentricities as a check of energy conservation to see if 
EMSFT applies to solar systems where dipole moments may apply instead of charges. 
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