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Abstract: The question whether all phenomena are of electromagnetic origin
has not been answered since Poincaré voiced it. To work towards an answer
we adopt a Poincaréan ontology (everything is of electromagnetic origin) and
develop Maxwellian dynamics (interactions as nilpotent electromagnetic super-
positions) and test it against experience. For this purpose I present a novel set
of three simultaneous vector cross-product equations that define generically
the Maxwell equations in vacuum, but with expanded analytical capabilities,
e.g. solitons as 1-D, 2-D and 3-dimensional waves; the latter two propagate on
closed curves in space. Here we analyse 1-dimensional solitons (photons) and
show that entanglement emerges from the conservation of the nilpotent state
required for a two-photon production in atomic cascades. From the insight
obtained, I propose adapting the EPR-Bell experiment by introducing asym-
metrical polarisation in the first (and earlier) Alice’s station. Bob in the second
(and later) station uses a symmetrical polariser. The theorems presented here
predict that Bob observes an asymmetrical polarisation distribution. Should this
prediction be proven experimentally then that would mark an inflection point
in the ontology of physics.

Keywords: Generic Maxwell Equations, Maxwellian Solitons, Entanglement,
EPR Paradox, Bell violation
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Figure 1: A simple EPR experiment is proposed with no correlation measurements. The bire-
fringent polariser’s optical axes are aligned as indicated. The photon source produces circular
polarised and entangled photons. This paper presents the motivation for the experiment and
predicts that Bob observes a skewed 25:75 polarisation distribution.

“«

Poincaré’s [1] deliberation
tromagnetic origin, or this aspect—shared, as it were, by all physical phenomena—
would be a mere epiphenomenon, something due to our methods of measurement”,
is the urgedanke” that is developed into a Poincaréan ontology which simply states:

...either everything in the universe would be of elec-

Everything in the universe is described by Maxwellian dynamics and is
not influenced by methods of observation. Here, Maxwellian dynamics
is the study of interactions as nilpotent electromagnetic superpositions.

+ Urgedanke: German n. first or original thought.

Copyright © 2023, A.L. Vrba; this work is licensed under a Creative Commons “Attribution-NonCommercial-NoDerivatives”

license. ([(cc) FRaNemNY)


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en

THE FUNDAMENTAL THEOREMS OF MAXWELLIAN DYNAMICS.
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Figure 2: Illustrating the vectors in Jl (u,a,r) together with the position vector p and
shown here as one plane of a travelling plane wave.
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Axiom 1: (Wave) Towne [2] defines: The physical condition to be referred to as
a wave, is that its mathematical representation give rise to the d’Alembert wave
equation, a partial differential equation of particular form
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Theorem 1: (Bimodal Wave Theorem) In an Euclidean space, /l(u,a,r) defines
the Maxwellian demands on the three orthogonal vectors u (a velocity vector) and the
two domain vectors a (activation vector) and r (reactivation vector). Their common
origin is defined by the position vector p = [udt. (see Fig. 2) The solutions of the
following three simultaneous cross-product equations

7 1 1
J(u,a,r) defines, { (i) r=uxa, (ii) u:Waxr, (iii) a:Wrxu } (1)
a u

describe bimodal transverse waves, if and only if u, a and r are all functions of time
and are position independent, and that both | a| and || u| are constants.

The bimodal wave theorem describes the continuous self-interactions: (i) activation
by a, (ii) wave-vectoring by a and r, and (iii) reactivation by r. These three interac-
tions describe the mechanism of perpetual self induction which supports the wave
action.

Proof: That ./ﬂ(u, B,E) (1) is a mathematical reformulation of the Maxwell equations
is demonstrated as follows: We evaluate the triple vector products V x (uxa) and
V x (rxu), which we expand using general vector analytic methods.

Vx(uxa)=u(vV-a)-a(V-u)+(a-V)u-(u-v)a =-(u-V)a
Vx(rxu)=r(V-u)-u(V:r)+(u-V)r-(r-V)u =(u-V)r

because the vectors u, a and r are position independent, thus

u(v-a)=0, a(v-u)=0, (a-V)u=0
u(v-r)=0, r(V-u)=0, (r-V)u=0
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The convective operator u-V evaluates to

0x 0 0yo0 0z0 0
u-vV=— because u-V=——+——+——=—
ot 0tdx O0tdy O0tdz Ot

Which leaves us with

oa or
Vx(uxa)=—— and Vx(uxr)=—
(uxa)=-—— (uxr)=—
By performing a ‘left and right side’ curl operation on the two equations J/ (u,a,r)(i)
and Jl(u,a,r)(iii) (thatis on r=uxa and a = r xu/u?, respectively, e.g. V xr =
Vx(uxa)=Vxr=—0a/dt) we recover the Maxwell equations in vacuum for a and
r, to summarise:

0a
Vxr=—-—— V'r=0 V.-u=0
ot
v L or V-a=0
Xa:—— oa:
u2 ot

We note the new requirement that V-u = 0. It is well known that a further ‘left
and right side’ curl operation on the above gives the d’Alembert wave equations.
Therefore, any solution to the three simultaneous equations

1 1
{r:uxa, u=——axr, a:—zrxu}
|al [l

leads to the wave equations

1 0% 1 0°r
2 2
Via-——=0 and Vr-——-=
u? or? u? 0r?
Therefore, Jl(u,a,r) is a bimodal wave equation system. O

Axiom 2: (Wave action) Wave action is in the direction of wave propagation defined
by Jl (u,a,r)(ii) hence the wave-action vector' P = axr therefore |P| = |ul||A|?.

Comment 1: Arbitrary solutions to the d’Alembert wave equations are not neces-
sarily solutions to Jll (u,a,r) as they may not fulfill the Maxwellian demands. This
questions the quantum superposition and indeterminacy of polarised photons as
introduced by Dirac [3].

Comment2: Here I need to point out that the interpretations below of Jl (u,a,r)
are incomplete, e.g. they do not cover interactions among other things. This paper
answers the constructive critique to [4] which suggested that particles described by
J(u,a,r) are deterministic and would not explain the phenomenon leading to the
Bell inequality. This paper addresses that criticism.

Comment 3: (The physical interpretation of /lg (u,a,r)) Let the physical space be
an Euclidean complex coordinate C3 space & = [xyz], where each axis is a complex
z-plane. In this space three alternative interpretations for /g (u,a,r) are available:

1. When working with fields (flux per area), e.g., electromagnetic fields, then
Mg ;(u, B, E) represents one plane of a travelling plane wave, and >..llg;(u, B, E)

* Poynting defined it S=ExH
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describes the wave of a radio broadcast. The orientation of the B and E fields
remain unchanged as the plane propagates. In circularly polarised radio waves
the orientation of the fields change from plane to plane. Also, here the mag-
netic field is not quantifiable but if expressed as B = A/I? then we isolate, or
identify, the flux quantum A defining the field B in an area /2.

2. Similarly, the bimodal wave theorem predicts potential (flux per distance)
waves Mg (u,L,V), here L=A/L.

3. Here, we seek solutions of Mg (u,A,R), using fluxes to describe Maxwellian
solitons; these can be one-dimensional (photons), two and three-dimensional
(particles) . In [4] T have explored the physical properties of Maxwellian solitons
in terms of physical quantities, and penned the name roton as an alternative
for Maxwellian soliton.

Above are the obvious interpretations found in an extended electromagnetic

2y, «

theory. The deeper and philosophical interpretation demanded by Poincaré’s “ev-
erything in the universe would be of electromagnetic origin” requires a “God’s” view
from outside the universe. That view gives us the universe’s state at any epoch of the

universe.

Axiom 3 : (The universe's state Jlg(1,P,Q)) The universe’s state Ml g(¥,P,Q) is
described by a complex coordinate C* state-space 8 = [pqr], where p, q, and r provide
the state-coordinates for the state vector . The universe’s state-wave is described
by P =3 Ay that is the sum of all Ay that make up all the particles, all the potentials,
and all the fields in the universe as listed in Comment-3 above.

Comment 4: (The philosophical interpretation of il g(4,P,Q)) The philosophical
discussion on the state of the universe now has a mathematical foundation.

1. The universe’s epoch -e is given by - = [ €dr that is a position in §, making
state-vector 4 the arrow-of-time. This gives us two interpretations for the
past and future of the universe: (i) The epoch € progresses on a straight line
which implies a dark end to the universe. Or, (ii) the arrow-of-time steers the
epoch on a closed curve in § (analogous to 2-D and 3-dimensional solutions
for Jl below) bringing the universe back to its original state but approached
from the opposite direction (not a gravitational big shrink), thus describing
a cyclic universe. The past histories are imprinted on the future microwave
background; each rebirth begins with carryover information from the past.

2. The above describes a super-deterministic universe which, from all observa-
tions, it is not. One explanation at hand for a causal but quantum-indeterministic
universe is that the infinite multitude of perturbations together with the infi-
nite vastness of the universe results in a stochastic chaos on the atomic level,
but remains deterministic on a larger scale. (I would prefer to believe that the
stochastic chaos allows the free will, logical thought and curiosity to develop
this work, rather than the universe dictating it to me; there were too many
false starts and dead-end thoughts over a two decade period for the latter to
be true.) Of course, there may be other reasons that introduce the stochastic
chaos. Needless to say, the question of what brought the universe into existence
and what caused the first perturbations are unanswerable and any suggestion
towards an answer is not based in science.
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Comment 5 : (The physical interpretation of /lg (u,a,r) plus Mg ({,P,Q)) For
brevity, let Mg = Z./%gs,-(u,B,E) + Z./%gsj(u,L,V) + 2 Mg (u,A,R) describe the
universe. Any conceivable perturbation in any wave described by any Jwg&n will not
be a contradiction of /llg. However once we consider the superposition of Mg and
Mg, a universal constraint is set on the perturbation ./ﬂtgp ,, as required by Axiom-3.
However, if the perturbation ﬂ/é’gsn is such that Axiom-3 is violated then a universal
nonlocal restoration is required which initiates a “spooky action” that balances the
‘/%QM perturbation with a restoring action on another Jﬂépm

If Mg, and Mg ,,, happen to be entangled particles then the above describes the
phenomenon that leads to the Bell inequality. But this phenomenon is not limited to
entangled particles and could describe, among other phenomena, the generation of
potential in thermocouples.

Solutions for Jl (u,A,R): Here A is an activation flux" quantum, and we obtain 1D,
2D and 3-dimensional solutions for Jl, where the dimensions refer to the velocity
vector u.

1D-roton: Linear propagation path along the z-axis (photon like)

=
Il
N>

Y
AY

Ry, = -Xsinnw,t +ycos nw,t

Xcosnwyt+ysinnw, t

2Dp-roton: Circular propagation path in the xy-plane centred at the origin
Up =Xsinnw, t-ycosnw,t
Ap =Xcosnw, t+ysinniw,t
Ro

1}
N>

3p-roton: Closed curved, or wound up, path in xyz-space centred at the origin.
u, = Xsinwfsin nw,t —§sin wfcos iw,t —2cos wt
Ay =Xcosnw,t+ysinnw,t
Ry =Xcoswfsinnw,t —§cos w1t cos nw,t+2Zsin wt

We note that {R=uxA, u= |A|*(AxR), A= Hu||72(qu)} holds for all three cases
above.

Modelling a photon as a Maxwellian soliton: We now develop the 1D-roton as a
model for a photon and adopt a matrix convention.

uy 0 0 1) (X

d . -
yb—syc> Ay| =] coswt sinwt 0f |y
Ry -sinwt coswt 0) |2

which we simplify by expressing the photon characteristic-matrix only, using the
three axes defining the propagation axis and the rotation plane, here in the z direction

* We adopt the symbol A for that which might describe a magnetic flux usually denoted by ¢,
but here A is a magnetic-like flux. In [4] this quantity is used as a complex quantity requiring
its separation from conventional terminology.
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with rotation on the x-y plane.

0 0 1) (X

dsc . ~
Y5 coswt sinwt 0] |y
—sinwt coswt 0) (2

But photons have defined QM properties, and we set the above into a right handed
Euclidean space C? as [xyz]. It is a six dimensional space where each axis, that is the
X, y and z axes, is a complex z-plane. In this space we need to define the following:
* Direction of propagation is defined by p = £1.

¢ Direction of rotation is referenced to [[xyz] as 7 = =+1 (rotation vector)

The helicity of the photon is given by $ = p7, or spin S = $h

A degree of polarisation 9. If 9 = /2 then ¥y is linearly polarised, if 0 <9 < /2 then
the photon has elliptical polarisation, and with 9 = 0 it has circular polarisation.

The flux A, is either a source or sink flux, defined by ¢ = q" or ¢~ and where
(¢")?=(q’)?=1and (q")(q") = -1. In the 2D and 3D-rotons that would generate
the charge, analogously it defines a charge for a photon. (A g* cannot annihilate a
q as that would destroy energy)

But, quantum mechanics identifies various photon states, i.e. spin, orbital momen-
tum and polarisation. To provide a generalised description of a Maxwellian soliton
which includes these states and satisfies the bimodal wave theorem, we get*Jr

0 0 P X
dsc N N NN ~ 70
oy 7005 Twt \q sinfwt 0] |ye'
—gpsintwt qgpcosiwt 0 Z

That is a rotation plane defined by % and ye’? which has the z-axis as a normal. Here
we need to modify the quantum state for spin from s=+1 to spin s = +el?

Axiom 4 : (Interactions as nilpotent Maxwellian superpositions) A Maxwellian
interaction is an event where the superposition of | 1;) invokes a transition to a
new superposition |, ¢ ;) and is nilpotent if and only if:

(1) Both | ¢;) and |y ;) provide solutions to JL.

(2) Energy conservation: H| ¢;) = ¥ |P;| = X |ul |A;]* = H[Z ;)

(3) Universal state conservation: Requires additionally that y" A; is also a solution of

Mg and that the Y ||P;|| = [XA; x (Tx X A;)|, i.e. a universal wave structure and
energy preservation.

(4) Momentum conservation: 7| ¢;) = Y P; = ¥ (A; xR;) = H|X ;)
(5) Charge conservation: Y. 4; =Y. ¢;.

X yei‘() 2
* AxR=| cosiwt sinfwt 0| =2p
-psinfwt pcosiwt 0

1 Orbital angular momentum could be modelled as a rotating polarisation,

0 0 p) [ %e™!
dsc s N o vt
€8 Y gy cosiwt sinfwt 0| |gje
-psinfwt pcosiwt 0 5
where v is the orbital angular momentum frequency. This only explains orbital angular mo-
mentum quantum states —1,0,1 but we know it is any integer number. Question: Are there
observations of higher orbital angular momentum states on single photons or are these states
observed only in beams? I.e. compounded states.
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(6) Angular momentum conservation: y 3; = ) ;.
An asymmetrical EPR correlation-less experiment:

Figure-1, at the beginning of this document, sketches a simple EPR experiment
designed to prove the validity of the Poincaréan ontology. The two photon generation
of the atomic cascade is described as follows:

WHigh Potential +Z¢j Atom) - ”‘l’Ground Potential * Zlbj Atom YA+ 7B

If both N’High Potential + 2 V; Atom) and [WGround Potential PRVY Atom) have zero
momentum (linear and rotational) before and after the transition, then a solution for

the above interaction for Y, and yg requires the superposition ya +yg to be nilpotent.
Nilpotency is given when ya + ¥ is expressed as

0 0 pPa) (X 0 0 pe) (X
gacosiawt gasiniawt 0[]|Y]+]| gssinigwt —ggcosigwt 0| |y
—gapasSiniawt gapacosiawt 0 ) \Z gepPscosigwt ¢gpgsinigwt 0 ) |2

and where pa+pp =0 and 7o+ 75 = 0 gives 35 = 3g, and ga+gs = q +q'. All five
conditions (1) to (6) above are fulfilled.

If y, is polarised in the x-orientation by a polarisation angle 9 then that is de-
scribed as follows

>

0 0 Pa K 0 0 Ps
gacosiawt gasiniawt 0 f/e”) + | ggsinigwt —ggcosigwt 0
—ilAﬁASin AWt EIAI)A cosiawt 0 zZ QBPB COSTgWt 675!33 sinfgwt 0

N> <>

If 9 =7/2 then vy, is linearly polarised in the x-axis, but if 0 <9 < /2 then the photon
has elliptical polarisation. Here ye'? is a unit vector defining an axis that is orthogonal
to both X and 2, where the y-axis is rotated into the complex plane. Because of the
asymmetry in ya and yg we immediately recognise that the entanglement condition
(1) is violated, because Aa;g = Aa +Ag is not a solution of the simultaneous algebraic
equations J/. In ideal conditions, a universal conservation phenomenon (Maxwellian
wave conservation) acts on photon yg and polarises it by the same amount on the
orthogonal axis, demonstrated by
0 0 DA 0 0 pe) (%e'®

gacosiawt gasiniawt 0 99“9 + | ggsinigwt —ggcosigwt 0 %

—gAaPASINTAWE  gapaCOSTawE 0 2 gspecosigwt (gpgsinigwt 0 2

. X
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The superposition Aa, g, is given by

X xet?
XAAx+By = [i]Acoszwt gasiniawt 0] geld| + [c‘/Bsinwat —ggcosipwt 0] g
z Z
%(1+e'?)
= [E]AcoszwHE]BsiniBwt gasinawt — ggcosigwt 0] 9(1+e'?)
27

where y is a scalar because the right hand part is not a unit vector. Normalising to
obtain an expression for a unit vector we obtain:

x>

1+e? 1

Ap, i, = ————— | gacosTawt+ ggsinfgwt gasiniawt—ggcosigwt 0
o e vz | ! ! !

N> <>

and it is a valid solution of J satisfying the nilpotent condition (3) i.e. the Maxwellian
wave conservation.

To put the theory above to a test, I propose an experiment outlined in Figure 1,
that requires no observations by Alice. It only requires relative intensity measure-
ments of the entangled photon beam at Bob’s station. The above theory predicts that
under ideal conditions, Bob observes a skewed 25:75 polarisation distribution which
violates the quantum mechanical prediction of an equal 50:50 distribution.

If I am not mistaken, Kwiat et al. [5] already have proven the above. They inserted
half and quarter wave plates into one of the beams of a type-II spontaneous down-
conversion entangled photon source to reproduce all four Bell states. They remarked
"Somewhat surprisingly, a net phase shift of 1 may be obtained by a 90° rotation of a
quarter wave plate in one of the paths.” obviously a result that they had not expected
and have not explained. This leads to an alternative but equivalent experiment as
sketched in Figure 3. We use a type-II entangled source, but instead of harvesting
the photons from the intersections of the ordinary and extraordinary light cones we

QWP BP
Typell SDC ) l_\ IR1) o
— 1 50%
~ Alice
| u —— 50%
! 45
oD -
|
e I 1 sow
0° {|H),|V2)} are an entangled pair | 509 DOP
Without QWP Alice and Bob 0°

observe 100% linear polarisation.

Figure 3: Alternative proposal for an experiment: Here horizontal and vertical polarised
photons are harvested from a type-II spontaneous down-conversion entangled photon source
(SDC), but from opposing sections of the light cones, instead from the intersections. The |H; )
photons are converted to |R1) by the quarter-wave plate (QWP). Universal state conservation
acts on Bob’s beam such that (L,|V») and the prediction is that both Bob and Alice observe a
50:50 polarisation distribution even though the SDC produced |H;) and |V2) photon beams
for Alice and Bob, respectively.
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harvest opposing sections of the two light cones. These too must be entangled but
now Alice’s beam has only horizontally and Bob’s only vertically polarised photons;
momentum preservation demands that the photon pair so harvested were down
converted from the same higher energy pump photon and all quantum states need
to be preserved. The optical axes are so aligned that both Alice and Bob confirm
100% the respective polarisation orientation. Placing a quarter wave plate into Alice’s
path at 45° to the optical axes will polarise her beam circularly and by the above
theories Bob will also receive circularly polarised photons; that results in an even
50:50 distribution of polarisation probabilities at both Alice’s and Bob’s stations.

It is thus important that this experiment is done. If the outcome is as predicted
then that would mark an inflection point in the ontology of physics.

Author’s closing comment:  Whether or not J/l (u, a,r) is accepted as the foundation
for general Maxwellian dynamics is not for me to determine; if it does then undoubt-
edly many extensions of it will be developed. Whether or not it provokes a rethinking
of the electromagnetic phenomenon, or whether new discoveries are made resulting
from all of the above, only time will tell. Nevertheless—for me—this paper, one of
a series of papers, marks the beginning of new work in this subject. There is much
that remains to be done; for example, extending the methods developed here to
describe particle wave duality and the basic interactions of many particle systems.
I have developed an interesting approach, but to bring it to conclusion requires
some collaborative effort and intellectual sparring partners to review, critique and
contribute towards an extended and collaborative work.
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