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Abstract: In this paper it will be shown that Electromagnetism can be feasibly interpreted as having an underlying space
time representation, with the underlying metric being directly identified with and constructed from the components of the
four potential. The approach taken is basically that which is taken in the linearized version of the Einstein Field Equations
(EFE) with the attached Harmonic Gauge constraint, to produce what is known as linearized gravity. However what is
different in this analysis lies primarily in the choice and moreover the interpretation of the energy momentum tensor, and
in particular the interpretation of mass, from the components of the metric tensor, and its relationship to electric charge.
The overall intended viewpoint which this presentation will attempt to convey is that matter is not a distinct entity existing
within space time but instead it is to be considered as simply attributable to the non Euclidean nature of space time, or in
other words the mass density is simply a component of the underlying metric tensor in the same way that for example in
an analogous fashion, the electric potential is a component of the four potential.

Introduction

Needless to say the unification of gravity and electromagnetism, without risking understatement,
still remains an open problem in physics despite the many claims of string theory proponents. In
light of the potential inherent in string theory it still suffers primarily from ambiguity, a lack of
predictive power, a cumbersome and unwieldy mathematical framework and conceptual blockages
exacerbated by the large number of dimensions required in order to make it work. The following
exposition address’s each of these issues with perhaps the strongest appeal being that of an intuitive
accessibility which is primarily due to the fact that only a four dimensional space time is required in
order for the theory to be consistent with known electromagnetic phenomenon. Confidence is also



inspired by the theory’s single characteristic statement of physical principle which appears to
subsume all the predictions of Special Relativity without having to invoke the invariance of the speed
of light hypothesis which to this day still evokes controversy. Despite the primary impetus of this
investigation, which is to derive electromagnetism from a space time representation, it is
conjectured that gravity and the nuclear forces will also emerge as higher order approximations,
with of course electromagnetism arising as the first order or linear approximation. The Lorentz force
law follows directly from the geodesic motion on the manifold with some extra additions which do
not appear in the original force law. In particular a Weber like force appears which is termed the
motional electric field [4], and which first made its appearance back in 1847 when Wilhelm Weber
along with his collaborator, Carl Fredrick Gauss, and on the basis of Ampere’s law, formulated his
ballistic force law which was equal in power to that of Maxwell’s theory in its ability to describe
electromagnetic phenomenon. For various reasons, Weber’s theory vanished from the popular
scientific paradigm in favour of Maxwell’s field approach. For an excellent modern treatment of
Weber’s theory see [6] and also for an application of The Weber force to gravity see [7]. It should
also be mentioned, in regard to describing gravitation, that other successful attempts employing
Weber like force laws, were made including one by Schrodinger which like General Relativity could
explain the motion of the planet Mercury [8]. This paper will demonstrate that the connections,
outlined above, to be no mere coincidences, but which in fact have their origin in a single top down
statement of physical principle, the implications of which will be elucidated in the following analysis.
Finally in the last section it will be shown that there exists a component of the electromagnetic
energy and momentum density which as well as being proportional to the square of the amplitude
of a harmonic wave, a well established result, is in addition also proportional to the square of the
frequency. As is well known, this dependence of energy on frequency has always been an axiom of
Quantum Theory first hypothesized by Einstein, and has no known classical analogue. So
consequently this result thereby hints at the possibility that this theory, characterized by a single
statement of physical principle, and with some effort, already has within it the potential to subsume
aspects of Quantum Theory.

1. Characteristic Statement of Physical Principle and The Electric Charge Tensor

The hypothesis of physical principle which best summarizes the intent of this treatise manifests itself
as a variation of the energy-momentum tensor, appearing in the EFE, from its usual interpretation.
Throughout the remainder of the paper it shall be henceforth referred to as the Electric Charge
Tensor (ECT), and assumes the form;
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were p, is the electric charge density, G is the determinant of the underlying metric and v! denotes
the four velocity;
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with u* being the ordinary three velocity, k € (1,2,3) and u® = 1. Eq (1.1) when fulfilling the role of
the energy momentum tensor in the EFE together with the Harmonic Gauge,[2] ,will collectively
form what will hence forth be referred to as the generalized Maxwell Weber Equations (GMWE);
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The GMWE forms the mathematical representation of this treatise’s characteristic statement of
physical principle.

In [3] we will discuss the origin and justification for the form of Eq (1.1). Using the following
definitions;
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allows Eq (1.3)-Eq (1.4) to be recast in the more convenient wave form as;

oyl = —Te;'. = (1.13)
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For proof of Eq (1.13)-Eq (1.14) see [5]. Also for additional information on transformation to the
wave equations, see [1].

2. First Order Approximation

If for regions of space-time in which the condition % =~ 0 is satisfied, then it is assumed that in such
regions Eq (1.13)-Eq (1.14) can be solved using the iterative scheme defined as;

8o = €48, =0 (2.1)
OYi(Agni1) = —Te(Agn) — S/ (Agy) (2.2)
S}(0)=0 (2.3)
so that
lim (e +Agpi1) = g (2.4)
and;
OYi(Ag) = ~T.;(Ag) — S (Ag) (2.5)

Electromagnetism It will now be shown that Electromagnetism follows as the first approximation to
be produced by the scheme, i.e. the matrix Ag; will produce the electromagnetic four potential.
Before proceeding and for reasons of clarity the following notation will be adopted to represent the
approximate solutions as

P} (Agns1) = P (2.6)
so that Eq (2.2) becomes

P, = —T.'(Agy) — Sf(Agn)  (27)

Following on from Eq (2.3) we see that the first order Electromagnetic approximation is;
o = —T,5(0) = S/(0) = ~T,5(0) (28)

At this point it will be convenient to express Tej. in terms of the three velocity, i.e.
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Therefore for Tei.(O) we have

i 1 i,k 1 i,k
Tej(O) = Fpeu u gj,k)g=g0=e = Fpeu u‘e; (2.10)

All taken together means that Eq (2.8) can be simplified to read;
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From inspection of Eq (2.11), the electromagnetic four potential, (Ci2 ¢S,A51,A52,AS3), can be read

of as follows;
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and from Eq (1.14) , assuming that the quadratic term H;(Ag;) = O(C%) = 0,
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Now to determine the underlying metric. The calculation of g, to order O(C—Z) proceeds as follows;
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Therefore in summary we have;
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Invariance with respect to Linear Transformations.is worthwhile to note at this stage that the
governing equations, that is Eq (1.13) and Eq (1.14), are invariant with respect to any linear
transformation if in both frames of reference, the same background metric is chosen in order to
highlight the wave character of the equations. More precisely, under a linear transformation,
L:x; — x;' it will be the case that;
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So by simply defining;

9" =€ +8(g"") (2:29)
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and following through on the same analysis and definitions that produced Eq (1.13) and Eq (1.14)

will yield,;
ozp’;. = —T'e;. —S'; (2.31)
2 _
Y i H';=0 (2.32)

It should be observed that in particular, Eq (2.31) and Eq (2.32) will be true under the special cases of
Galilean and Lorentz transformations. However for whatever reason it may be deemed important,
only under the Lorentz transformation, will it be that case that the Ag; ; will strictly transform as
tensors. In all other cases of linear transformations this will generally not be true.

3. Energy-Momentum Conservation and The Definition of Force and Mass.

In [5] was revealed the existence of an inherent energy momentum law of conservation
corresponding to the Harmonic Gauge. Here we will calculate the form of those energy-momentum
densities corresponding to the solution of the GWME and in doing so construct and assign
meaningful definitions to both force and mass. It will be assumed the general form of the metric
tensor to be of a form analogous to the first order electromagnetic solution investigated in the
previous section, i.e. assume that most dominant members of the metric tensor, g, give it the
approximate general form;

c?+2®+3c*M —A4 -4, —A;
. —A; -1+ M) 0 0
9= —4, 0 —(1+ M) 0 (3:3)
—-A; 0 0 -1+ M)
. . @ 1 1 .
in which M = Mg = 5z and (C—ZCDS,Asl,ASZ,AS3) = (C—2<D,A1,A2,A3) for correspondence with

Eq (2.26).

since Eq (2.26) was obtained as a first order approximation, only valid in those regions of zero or
negligible charge density, is referred to as a “far field’ solution in the sense that the region in which it
is valid can be considered far from any extreme concentrations of charge such as those which
characterize ‘elementary particles’. As will become apparent when we come to derive the Lorentz
force law, Eq (2.26) does not possess the required properties in order to generate the Lorentz force
in the first order. The problem is resolved by requiring elementary charges possess a spin property
described by the condition expressed in Eq (3.63). When such a spin property is realized we have the

@ . .
result that Mg = 0. The case for Mg = —53 actually corresponds to the scenario in which
the particle has zero or almost zero spin.

It should be noted that Eq (3.3) will apply generally even in regions in which the condition % =~ 0 no

longer applies, assuming of course that the off diagonal components are still zero. This can easily be
shown using the definitions given by Eq (1.5) — Eq (1.7), and by defining;
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Since from the highly nonlinear nature of the GWME, it’s clear that in regions of high charge density
the form of M is not known and it is no longer reasonable to assume that M be given by just the far
field solution, as the first order approximation method cannot be used under such circumstances. All
that can be stipulated is that the empirical requirement of the mass quantity,f(l + M)p,, for a
given charge distribution , p,, being positive, be satisfied. Observe also that for a ‘neutral body’, the
total mass takes the simpler form, fMpe. Also it will prove useful to decompose the mass potential,
M into its local,M, , and far field, Mg, components as expressed in Eq (3.54).

From [5] the globally conserved energy momentum vector, pj, is given by;
pj =T +S + H°© (3.5)

such that
(TH+ S +H @), =0 (36).

(For the definition of the Sji and Hj'i(e) also see [5])

Suppose for a particular three dimensional region I bounded by a surface Won which (T]‘ + Sji +

Hj'i(e)) =0 i € {1,2,3}, then it would be the case that;

a [ff, pj dx1dx,duxs o
ot B

(3.7).

Obviously, pj,which consists of both matter and field components allows for an exchange between
matter energy-momentum and the field energy -momentum. The above result corresponds to the
general formulation;

(9YV=6); =0 (3.8)

. 1 .
Ejl = —Ele (39)

in which Tji is arbitrary and so can be applied to General Relativity which in any case is the primary

impetus of [5]. So for application to the GWME, we simply make the substitution;
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and observe that;
(T + S} + H @) =0 (3.11)

which permits us to naturally identify the energy-momentum density four vector for the GWME to
be;

pe; = c* (TS +SP + H*©)  (3.12),
ct Teg corresponds to the energy density of matter and can be read of as;

¢t Tp0 = Epy = peti®uF go i = pe(c? + 20 + 3¢2M — A.u) (3.13)

(For an analysis of the field components c4(Sj0 + Hj'o(e)), see Appendix A)

Mass and Charge Dependence dklocity. From [3] it was demonstrated that by defining the
quantity p’;

!
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ap’
E + V. (p’u) = 0. (314)

So for the case of a divergence free velocity field, i.e. one in which V.u = 0, it must be the case
that;

dp’

=0 (3.15
T (3.15)

Before proceeding it will be useful to obtain the following preliminary result. Note that;
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in which
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Consequently we have the result;
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ifgl = 0(61—2) then to an approximation Eq (3.18) becomes;
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Now since from the fact that;
, _ Pe —G P 1
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and from the definitions of the rest mass density and rest charge density respectively as % = Peg

and me = peO(l +M) = Pm, therefore means that we have an expression representing a law of
conservation between the rest mass and potential energy densities, i.e. it must be the case that

from Eq (3.14), pe, (go,o + %T), represents a conserved quantity.

Energy ad Momentum Eilance Expressing the energy component of matter in terms of the rest
mass and rest charge densities gives;

Em = Pe(go,o - A-“) = Apeo(go,o - A.u) (3.22)

Only including terms not exceeding O (C%) gives;
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and so to order O (C—Z) we have;
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Combining Eq (3.24) with the expression for the far field energy corresponding to the special case in

which M = —% (see Appendix A);
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Gives the total energy density to be;

po=E=Ef+E,

1 1 5 3.2 3(PDy,)
— 2 2p2 2 X X,

() () 1
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For the case of the matter component of momentum density, the general form is;
—T0 _ 0 kg, — —A. — ) = — . ) =
Pm; =Te; = peu’ugjx = pe(—A; — (1 + M) = —p(4; + (1 + M)y;), for j = 1,23 (3.28)

For subsequent combination with the momentum field components, its also useful to express
matter components of momentum in the following form;

Pmj = Te? = peu®u¥ g = —pe (4 + (1 + M)wy) = —pAj — pmu; forj=123 (3.29)
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Combining with the field components also for the special case in which M = — 2 (see Appendix A);

1 1
— 2
pf = _Eq)xocbxj - EA]V b+ V. d] (330)
then gives the total momentum density to be;
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Dy, Py, — 5 A VP +V.d; (3.31)

Pj = PmjtPr; = —Pedj = Pmlyj — 73 3

Of course probably a more realistic far field energy-momentum density should be calculated on the

basis of M = 0 rather than the zero spin case of Mg = — It should be noted in whatever case,

2c2’



this will still only be an approximation as the field energy-momentum associated with a region of
high charge density is not taken in to account in this analysis as we are only dealing with first order
calculations.

Equations d Motion. For reasons of clarity it will be convenient to represent the geodesic motion
which describes the evolution of a charge distribution in terms of a lagrangian. l.e. the equations of
motion corresponding to the geodesic vector field defined by;

vivi;=0vi o (3.32).

This follows directly from Eq (1.3) because of the divergence free property of the Einstein tensor
(see [3]).

It is easy to demonstrate (again see [3]) that Eq (3.32) is equivalent to;
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( ) =0,j=0123 (3.33)

at\ow) " om =
in which
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Assuming that ® = 0(1), then It is easy to show that the highest order approximation to Eq (3.33)
is simply given by
du 3c?

c 1
—=-Vbo—-——VM+0|—= 3.36
dt 2 + (cz) ( )

Equation of Motion of aPoint Charge. Since
1 1
l. = (uo)zz(cz + 3Mc? + 20) — 5(1 + M)u? —u®A.u, u=1 (3.37)

then
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Furthermore, the equations of motion expressed in terms of [. can be obtained as follows. Firstly
from Eq (3.33) and Eq (3.34) we have;

d/ ol al
e Y ¢ — O—C: | =
dt(v auf) Yo 0,j=0123 (3.40)

which in turn can be restated as;

d 2 91 201 al, d/ 1
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d/ 1 3dG 1 1..di'f 1 1 . dg¥ 1 d
dt \\/—¢G 2 dt dt —G dt
e o(2)
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So for the cases in which we have j = 1,2,3;
ol Ozd( ! ) M+ Du + A, Zd( 3 3.43
ow ' ¢ dt V= (¢ w )\/ dt (3.43).

For the case whenj =0

0,2 d(% +3M)

ol voczi(i) = —(c?+3Mc?+2d—A.u) (3.44)
ou’ dt \WV=¢ V=6 dt '
In summary we therefore have that;
d (v°c? al.,\ v°c?al. v°c?
dt\\-Gouw ) ~—-GOx; ~—G
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=123 (3.46)
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2,0
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and p"’ is a conserved quantity then it must be the case that;
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Therefore from Eq (3.41) it is easy to see that for the cases in which j = 1,2,3

df alcd f alcd —f kid (3.49)
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It then follows from Eq (3.38) and Eq (3.39) that;

d® 10M dA
+——(30 —u?) - a.u)dv = —fpekjdv (3.50)
v

d .
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dt Jy v j
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The total force, F,, ,acting on the charge distribution contained with the sampling space V/, is defined

as;

d d
F,= dtjpmudv T Lpe(M + Dudv (3.51)
and so from Eq (3.50) we have;

0P 16M
F, = f

( - (3¢ —u?) oA Yd df Ad f kidv  (3.52)
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To further facilitate the analysis of Eq (3.52) it will be convenient to decompose the four potential
and mass potential into their intrinsic and extrinsic components, i.e. express it in terms of the
contribution, Aoj and M,, from the charge content of the point charge itself and the

contribution, AS]., from all other sources which are external to the sampling space , V. In order to

utilize the far field solution, it will be assumed that all external sources to be sufficiently far from the
sampling space. The four potential and mass potential therefore becomes;

d(x,t) = Py(x,t) + D (x,t)  (3.53.1)
Ax,t) = Ap(x,t) + Ag(x,t)  (3.53.2)
M(x,t) = My(x,t) + Mg(x,t)  (3.54)

in which

pe(y, t’
(%) = fff e dyldyzdyg

1 pe(y, tHuly, t')
Ax,t) = dy,dy,d
(X, ) 47TC2 jff |X_y| yiay,ays
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M0 = -5 ||| — dysdy,dy,

where
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Inserting Eq (3.53.x) and Eq (3.54) into Eq (3.52) then gives;
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J
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v j

If it is assumed that a volume of charge cannot self accelerate due to the action of the charge
distribution contained within its own boundary then it must be the case that the contribution of the
internal charge to the total force F,, must be zero, yielding;

0d; 10M 0Ag d
fpe( += . —f peAS.dv—fpeks.dv. (3.56)
i~ v j v j

E
vj ox; 2 0x; 0x; dt

In the case for a sampling volume comprised of a sphere, B(x,r), centred at X and of radius r, we
have in the limit thatasr — 0;

. b, 19M, o
B(X'r) - rl_I)I(}( B(E'r)pe(axj 2 a : u xj B(xr)pe Sj v
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r—0 ax] B(%r) 2 axj B(%r)
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At this stage it will be convenient to decompose the velocity vector into averaged and perturbed
values, i.e. ;

_ _dx
u=u+u' withu = m (3.58)

and to assume that;

lim peu'dv =0 (3.59)

=0 Jp (x,r)

Given these requirements means that the following terms can be somewhat simplified.
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0 Jp(x,r) =0 Jp(x,r)
= —u’lim pedv + lim pe(3c? — u’z)dv (3.60)
0 Jp(xr) =0 Jp®r)
lim pe.udv =1 lim pedv (3.61)
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j pedv=q (3.62)
B(x,r)

If it is assumed that an elementary particle of charge g, can be described as a charged distribution
which is confined to a region approximating a sphere of an infinitesimal radius as described above,
and also that for such a distribution the velocity and charge distribution is such, as to make the
following true;

fpeu’zdv ~ 3c2fpedv (3.63)
% v

then the total external force, Fp, acting on such an elementary particle is;

6¢S(E,t)+ 16MS(E,t)_2+ 0A(xXt) _ d

Fop. = — -
BT T e T2 oy T T ey M4

—(qAs(%0)) — qks. (3.64),
t j j

or more compactly in vector notation as the familiar Lorentz force law with a few relativistic
modifications;

Fer = q(ECED + B(ED <) —A(ED T (365)

in which

0As(x,t)

1
E(X,t) = —Vd,(x,t) + EVMS(E, Hu? — A

k;  (3.66)

B(%t) = -VxA (%) (3.67).

Worthy of note is the observation that in order for the theory to fit in the first order with the Lorentz
force law for a charged particle, it is necessary that the particle possess an intrinsic rotational
velocity or spin, i,0f the order ;

fpeu’zdv =~ 3c2fpedv (3.68)
\Y% \
It is important to observe that the actual order of the magnitude of the rotational component of

velocity need not necessarily be of 0(c?) since a plausible charge distribution can be conceived of
such that Eq (3.68) is true even for the scenario in which 11 « c. It is also worthy to note, as has



already been mentioned, when applying Eq (3.68) to Eq (2.18) in the treatment of the first order
analysis, it is easy to show that Mg = 0, which therefore results in the ‘far field” metric as given by;

2 4 2@ + 3M, —A, —A, —As
_ —-A;  —(1+ M) 0 0
Irar field = _Az 0 _(1 + MO) 0 (3.69)
—A; 0 0 —(1+ M)

i.e. it is conjectured that this is the metric in a region describing an isolated elementary charge. On
the basis of this, the ‘vacuum’ metric can be naturally defined as;

/c2+2¢s —As, —As, —AS3\
~As ~1 0 O 1 369

= |
Ivacuum ~Ag, 0 1 0
—As; O 0 -1
The total external force on an ‘isolated’ elementary charge can therefore be reasonably inferred to
assume the form of Eq (3.65) with the exception that in this case E is now modified to read;

0AL(F 1)

1
==k + 0(3)  (3.66)

E(%t) = —VO (%) —

TheSelf ForceAs was shown, in order to obtain the Lorentz force on an elementary particle it was
assumed that a body of charge cannot self accelerate, i.e. the net force acting on such a body is
entirely caused by sources external to such a body. This principle is at the heart of classical
mechanics and has its origin in the empirical observations of Isaac Newton in which he expressed the
principle in the ‘Law’ of equal and opposite reactions. From Eq (3.55) the self force has the form;

0by 10Mg . , ., A
f ——Bc*—u ) — —2. u)dv—d fperldv fpekojdv (3.67)

F
Selfj = pe(a t3 ox; 0x;

and appears to be ordinarily zero in regard to every day experience. However, armed with Eq (3.67)
allows one the possibility to consider the particular circumstances under which such a force might
possibly arise.

Gravity. Ordinarily in the far field treatment of Electromagnetism and with the imposition of Eq

(3.63), the magnitude of Mg is Mg = O(C—i) ,and so is relegated to being zero as we are only

concerned with quantities of O(Ciz). However in regard to the question of Gravitation, attention

has been drawn to the second order adjustment to Mg as a feasible candidate for Gravity for the
following reason. It is the only term appearing in Eq (3.64) which presents the possibility for the total
external force acting on a neutral body being non zero provided it is assumed that the opposite
charges constituting such a body have on average slightly different speed distributions. Moreover
should this be the case, then such a force between to masses would always be attractive provided



that the velocity distribution profiles of the constituent charges in each mass were the same, which
under thermal equilibrium one would expect to be the case. In addition, such a force would always
be equal and opposite between neutral bodies, and be exceedingly weak owing to it being of the

order = O(C%).

More precisely the far field mass potential created by a neutral body occupying a volume V; can be
easily shown, by adapting the analysis presented in section 1, to be;

1 pe(y,£)(3c® —u(y, t)?) 1y
MSVlVZ = Ms(xvz,t) ik yy: Ll |xV2 — yl +0 (3) ,with xy,
S, ydv
2
= (3.68).
V2|

That is Xy, in this case represents the space averaged position vector within V, , with V;
representing the body on which the total external force, due to the contents V;, will act.

Imposing the spin constraint, Eq (3.63), then yields;

~

M ~
SViv,  24mct

1 pe(y, DUy, t)? 1
fv P +o(3) (3.69)

If it is assumed that the average distance, |xv2 - le| =, between V, and V; is large compared to
the actual volumes themselves then to a good approximation the force acting on V; due to V,,by
adapting Eq (3.65) and Eq (3.66), is given by

F . o aASVIV2 B _ A deZ Pe 1 M —9
Viv, — _(V SViv, + ot ) Pe + Viv, X Pell — SViv,  dt +EV SViv, Vu Pe

V2 V2 2

— jvzpe k5V1v2 (3.70)
If is assumed that the ensemble of charges constituting the body occupying V, are executing random
motions in all directions and that the total charge is zero, i.e the body is neutral, and provided the
ensemble is of sufficient size, then it is easy to see that all integrals appearing in Eq (3.70) will
approach zero, except for the mass potential term involving the square of the magnitude of the
velocities. l.e.

1 OMS( sz,t)
V1V2]' = 2 axj v,

1 12
~ T2 52 | L
Fy, = 48mc* (_[leeu ><jv2peu ) r2 (3.72)

Reversing the roles of V; and V, and repeating the analysis gives;

P U (3.71)



F z; u? u2 @: —F (3.73)
V2V1 4‘81-[C4 Vzpe lee rz V1V2 .

If it is assumed that the same velocity distribution of charges occurs in all electrically neutral bodies
under similar conditions, then this force between such bodies will always be attractive and non zero
provided that the velocity distribution profiles of opposite charges have a slightly different signature.
Of course one could imagine under artificial conditions the equations allowing for the possibility of a
repulsive force being induced.

If it is hypothesised that the gravitational force arises in the manner described above, then the
following heuristic approach can be employed to yield an expression involving G, the Gravitational
Constant, in which the force defined by Eq (3.73) is identified with the force described by the
classical expression for the force between two masses. i.e.

1 3 1
Gmm, — = — jpeSIﬁZ f@ﬁZ — (3.75)
rz  48mct\Jy, g v, €0 r2

1
— =2 =2
Gm;m, = 1Bregct (Llpeﬂu ><L2p651u > (3.76)

(Note at this point we have switched to S.I. units by making the substitution p, = %)
0

If we assume the bodies to be identical with my = m, = m andV; =V, =V, then

VGm 2 3.77).

1 f _
4 [3megc2 v !
Suppose the body in question consists of N protons and N electrons constituting a mixture of
elements similar to the distributions in the solar system, then to a reasonable approximation since
the majority of the mass is located in the nucleons, about half of which will be protons, we can
assert that;

m =~ 2Nm,  (3.78)

in which my, refers to the mass of the proton. Also allow u_ to indicate the translational velocity of
an electron, and likewise allow u, to indicate the translational velocity of a proton. Then with a
sufficiently large ensemble we can likewise assert that;

[ peg®® =Na@.2-a2)  (379)
\%

in which the () operator represents an average of the enclosed quantity over the ensemble, and q,
is the charge on the electron. And so combining the most recent three equations gives;



or

e

G=rr—5— 2y2 = 9’0
192mmp2g,c?

(U ?—u-

by noting that gy =

Hoc?

Energy-Momentum of a Harmonic Wave and Quantum Theory.

From Eq (3.25) and Eq (3.30) it is informative to calculate the energy-momentum density of a field
comprised of a simple harmonic wave. This simple example sheds light on the relationship of energy
momentum to frequency and hence establishes a connection to quantum theory. For a region of
space free of charge, an elementary ‘far field solution” of the GWME assumes the form of a simple
harmonic wave of wavelength A propagating in a direction defined by the unit vector, k :

1
A= AoSinE(x. k—ct) (41)
1
D= CDoSinI(x.k —ct) (4.2)
0

®
Apk=— (43)

c 1
q)xo = —ECD()COSE x.k—ct) (44

k; 1
Dy, = —lCDOCos— x.k—ct) (4.5
A A
c 1
Ajx, = — ZAOiCOSi x.k—ct) (4.6)

k; 1
Ai,x,- =—=ApiCos—(x.k—ct) (4.7)

A A
k' 1
Ai,x].Z = - A_oniSlnz (X. k — Ct) (4-8)

1 1
V2A; = — 2 AuSin xk—ct) (49

ki + k2 +ks? =1 (4.10)



B2 = Ay, ? + A, ” + A, + Ag 4+ As P+ Azt — 240 5, Agx, — 2415, As s,
— 245, A3,
(Cos T (x.k — ct))?
_ =
+ k22A032 - 2klszOIAOZ - 2k1k3A01A03 - 2k3k2A02A03) (4-11)

("22A012 +k3?Ag1” + k1’ Ag2® + k3®Agy” + ki*Ags?
Employing a time or space averaging methodology denoted by the overbar yields for the average of
B? to be;

- 1
B? = )L—Z(kzzAmZ +k3®Agr? + ki PAga? 4 k3P Agy? + ki PAgs” + kaPAgs® — 2kikaAgrAgy
— 2kik3Ag1Ags — 2k3kyAgzAgs)  (4.12)

(Ag.k)? = k12A012 + kA, + k32A032 + 2k1kyA01802 + 2k1k3A01A03
+ 2kskyAgyAgs  (4.13)

i ®o” 2
B2+ 5= ( (A0 K) ) SlAol? (414
1 1
pfi = _ECDXOCD —ECDV A
= (Cos x.k— ct))2 + (Sm ! (x.k—ct))?*= 1 0i®o (4.15)
4c /12 2 A2 '

i 1CDOA 1cD"k 4.16
pfl 2/’{2 01 2 C i ( )

The magnitude of the averaged momentum vector is therefore given by;

2 _ ®o” 2+c1> +c1> . c1>2A25q>2
|Pf| a4 |Aol 4c2 Ap. ) |Aol” + 4c2

4 2
_ 0 f 2 5CI)O
iy <|A0| + 102 ) (4.17)

2
—=(Ag.K)2 = [Ao|?B%, 0<B<1 (418)

B = CosH (4.19)

i.e. B indicates the angle between the maximum vector potential and the direction of propagation.
In terms of 3 and utilizing Eq (4.18), Eq (4.17) assumes the form;



AP
7 =

42 (|A0|2+Z|A0|ZBZ> |A 0|4f4(62+ B4> (4.20)

For a fixed |Ag| and K, let < > indicate an averaging over the angle 6 from 0 to 7 so that;

I f 5 Ao 22
< z2>= 24+ -—pB*=1.27 4.21
177, e ) g e (42D

From Eq (3.25) the field energy density can likewise be calculated as,

o1 L 39 3(PPy,)
s _ZC ( ®)* + 8 ¢c2 2 2
2 L (00

1 1 by 3(PPy,),
— ZBZ___ k— - "X

ok 1 2 <Cos (x. ct)> 3 2

1 12 f2( 1 2 3(00y,)
=Ec282 4C—<C5 (x. k—ct)> 26—2"0 (4.22)

Again employing a time or space averaging methodology denoted by, E_f, yields for the average field

energy of a harmonic wave to be;

1, 12 (P Dot 1@0%f7  f? |32f2
EfziczBZ 4(;—2 2/12(| ol® — C(;>—Z 062 (|A0|2 |Ao|?B%) — LUNRE
2 A 2 2 2 A 2 2
_f |20| <1_BZ_B_>=%<1—%> (4.23)

Again averaging over 0 yields for < E > the value;

<Ef>=

2 (A2 2 1A 12
f7 Aol (1_§)=f |Aol (4.24)

2 6 4

Comparing to the momentum quantity therefore yields;

<Ef >=079< /|p_fl|2 >c  (4.25)

Probably a more exact analysis could be carried out with the use of a Fourier Transform applied to
the expression for the momentum and energy field densities, Eq (3.25) and Eq (3.30). Such an
analysis will form the body of a future research effort.

If fo denotes a ‘ground reference frequency’, then changes in the energy of a harmonic wave can be
expressed as;

1
A<Ep >~ Efo |Ao|?Af = wAf  (4.26)

1 2
w=zfolhol?  (427)



As an afterthought to the analysis presented above, it was realized that applying the same treatment
to the case of the vacuum metric, given by Eq (3.69), resulted in a direct correspondence between
energy and moment for a harmonic wave, i.e. it was found that;

<Ef >=< /|p_fl|2 >c  (4.28)

was true for a harmonic wave corresponding to the energy-momentum densities emerging from the
vacuum metric. The treatment leading to Eq (4.28) will be the subject of a future paper, or it could
prove to be an instructive exercise for the reader. On the basis of Eq (4.28) the vacuum metric can
be thought of as the photon field.

Appendix A
With the aid of the Mathematica application, [9] ,and on the basis of the metric given by Eq (3.3)
with M = —%, the field components, pry = c“‘(Sj0 + Hj'o(e)), of the energy momentum density

can be calculated to order 0(6—12), yielding;

3 3 3
Ef =pro = ECZAl,xZZ - 2A1C2A1,x22 - —CZA1,x32 - 2A1C2A1,x32 + CzAl,szZ,xl - —CZAz,xlz

2 2
3
— 24502 Ay, 2 + 2¢% Ay 5 Ag e, — Ecz’Az,xf — 24,C% Ay 2+ CPA1, As
3 2 2 2 2 3 2 2 2
—_ EC A3,X1 - 2A3C A3,X12 + c AZ,X3A3,X2 - EC A3,x2 - 2A3C A3'x22

+ 202141'961143'363

+20% Ay 5, Az x, + 2C2A5A1 5 x, + 207 A3 A1 5, xy + 2% A1 Ag 5 x, + 2CP A3 A0 5, 2, + 27 A1 A3 5y,

3
+ 262A2A3'x2'x3 + 5 Apy, Py,

2
3 3 7d,% 1 @2 5d,°
BN R R R R
5 5 5 &,2 5 &, 5 &% 1 P2 1 P2 1 D,
P, 24 d, e — 0 2 P P2 p2 2 2
+8 *2 +8 *3 +16 c? +16 c? +16 c? +4 c? +4 c? +4 c?
1 1 1
- EAl,xO cDxl - EAZ,xO csz - EAS,xO cI)x3
5 5 5 3 3 3 1
+ PPz PP+ DDz + DDAy, = DAy, + 5 Phg g =5 APy,

1 1
- EAZCDxO,xz - §A3¢x0,x3 (A.1)



1 1 3 1 1 1
Pr1 = Eq)Al.xlz + ;q)xoq)ﬁﬁ 3 Alql‘xlz - = A1CDx22 —-= A1<Dx3z +5PAy 5, 0, T 5PAz %, 1,

2 2 2 2
+ 43? POy 2, = APy x, = A3y (A.2)
1 1 3 1 1 1
Pra =5 PAzge,2 + 5 Puy P, =5 ApPr2 =5 Ag®Prz =5 Ay Py 2 + S QA g,y +5 PAsy, i,
+ 72 PPupx, — A1 Py, ~ A3Pry i, (A.3)
Pr3 = §¢A3,x32 + C—2¢x0¢x3 —; A3 D, 2 —% Az D, 2 —% A3®, 2 + %¢A1,x1,x3 + %¢A2,x2,x3
+ 402 PPy oy, = A1 Py, — APy, i, (A.4)

The following results allows for a substantial simplification of the four momentum density, and we
begin first with an examination of the energy component, Er = py,

Observe that since;
Ay x, Az x, + 241, Agx, + 24541 ¢ x, + 24142, x, = —A1x,Azx, T 2(4142)x, x,
Ay Az, + 2410, Az, + 24341 5 xy + 241435, ¢, = —A1x Az x, T 2(A143) %, x,
Agx Asx, + 2455, Az, + 24345 5, x, + 245435, x, = Az, Asx, T 2(A243)x, x,
A1Ag 2 + A4 2 = (A1A1x,)x, — Arx,2 T (A2A2 % )x, — Az,
A1A1,x32 + A3A3,x12 = (AlAl,x3)x3 - Al,x32+(A3A3,x1)x1 - A3,x12
ArAy 2 + AsAs 2 = (AAgx)x, — Apx,2 T (A343,)x, = Asy,?

then it is straight forward to show that

3 3
—ECZAL,CZZ —241c%A 5 2 — ECZALXSZ — 24,¢%A; 2 + P Ay, Ay, — ECZAZ’XIZ — 24,¢%A, 2

3
2 2
+ 2C2A1’x1A2,x2 - §C2A2,x3 - 2A2CZA2,X32 + CZAl,JC3A3,x1 - EC2A3rx1

—2A.c2A +c%4,,. A —EZA 2 _24.c%A + 2¢24,, A
3CTAg 2 T CT A2 x, A3 x, 20 3, 3C7 A3 x,2 C™Aq 5, A3,x5

+ 2C2A2,x2A3,x3 + 2C2A2A1,x1,x2 + 2C2A3A1,x1,x3 + 2C2A1A2,x1,x2 + 2c2A3A2,xz,x3
+ 2C2A1A3,x1,x3 + 2C2A2A3,x2,x3

1 2 2
= 5¢*(VX A)? + V.dy (A.5)
where
do, = —2¢2(A2Ax, + AzAsy, + 2(A143)y,)  (A.6)
do, = —2¢2(A1A1x, + A3Azx, + 2(A243)y,) (A7)

d03 = _ZCZ(AlAl,X3 + AZAZ,X3 + 2(A1A3)x1) (A'S)



Also noting that the term;

2

3 3 3 7d.% 1 ®y2 50,
EAthcon+EA2,X2CI)X0+EA3IX3CD9CO+§ 2 +§ 2 g 2
5 5 5 &,2 5 @&,2 5 @&,%2 1 d,.2 1 D2 1 D2
FoD P P — Pt — Dt — D D2 P2 P22
8 * '8 % 16 ¢2 16 ¢ 16 ¢z 4 ¢z 4 %2 4 2
1 1 1
- EAl,xo cbxl - EAZ,xO q)xz - EAS,xO CDx3
5 5 5 3 3 3 1
+2 PP, > + 2 DD, > + 2 O, > + > DAy, + > DAy, x, + 5 DAz, x, — EAlcbxo,xl
1 1
- EAZCDxO,xz - EAB(DXO,X_?,
can be written more compactly as
3 3 1 , 5@ , 102
7P, V.A+ -0V (Ax,) — SV (Ax,) — AV<I>x0+ (Vcb) +——2(VCD) +o oz Ve
5 7d,% 1 D,
c1>v2c1> Y 4 _p—20
t3 +8 c? +2 c?
and that
3 3 1 3 1
2 Px VA + SOV, (Ax,) -5 Ve (Ax,) — A Vo, = E(cpv. A)y, —E(ch.A)x0
1
= 2(PV.A),, — EV' (PA)y,
and
5Vc1>2+ > P Vd)? + 1cI)2v2c1>+5c1>v2<1> vq>2<5+ > CD)+1V qnvqa( CD)
8 16¢ 2 (V)" + 4 =~ (Ve) 16 ( 402)

means that ps, can be simplified to read;

1
Pro = 5¢* (VX A)* + V.dg +2(OV. A)y, -

2 CD

%02

C2

2
X0

Dy,
2

+1V CDVCD(5+CD)+7 +
4 ( 4c2) 2

8 ¢

1 5
SV (@A), - (V0)? (

+5CD>
16

1

Xo?

5v<1>2+7
8( ) 8

(5+52)
42

1 op2
bk B* + 2(®V.A),, 2

() 1
V. (do + oV -5 (CDA)XO)

4
in which

—(VxA)

2 c?

(A.9)

(A.10)

Further simplification can be achieved by exploiting the HG relation;

1
S Ps, tV.A=0

(A.11)



yielding for ps the result that

_lcpel (VD)? + 30" 3(70x),, +V.(do + ® o (5 b2 )
Pro =3¢ 8 8 c2 2 2 oty 4c2
1
-2 (@A), (A.12)

An analysis utilizing similar techniques can be performed on the three momentums as follows. Only
the case for Pr, will be treated as the results for Py, and Pr, will be self evident on the basis of the

analysis of Pr,-

To begin, observe that

1 1 3 1 ! ! .
pfl = Eq)Al,le + C_Zq)xocbam o E A1CDx12 N E Al(ZDxZZ N E A1CDx32 + Eq)AZ,xl,xz + §®A3,x1,x3
3
+ E CDConJh o Azq)xlrxz — Az CDxl'x3
1 3 1 1 2

1 1
+ E cDAZ,xl,xz + E CDA3,x1,x3 - A2 cDxl,xz - A3q)x1,x3

1 1 1
= E ((CDAl,xl)xl - cDxlAl,xl) - ((cbxlAl)xl - q)xlAl,xl) - §A1V2(D + C_zq)xoq)xl

3 1
+ P ((chDxO)xl - cDxl q)xo) + E ((q)AZ,xl)xz - q)xZAZ,xl)

1
+§ ((¢A3,x3)x1 - q)x1A3,x3) - ((A2¢x1)x2 - q)xlAZ,xz) - ((A3(Dx1)x3
- q)x1A3,x3)- (A- 13)
Using
cszAZ,xl = (CDxZAZ)xl - (CDxIAZ)xZ + cI)xlAZ,xz

we then get for Pr, to be;

1 3 1 1 1
pfl = (E cI)Al,xl - q)xlAl + ECDCDXO + E¢A3,x3 - ECI)XZAZ)X1+(E ¢A2,x1 - cDxlAZ

1 1 1 1
5 Pr A2z, = (A3 P )z + 55 Py @, —5 AV O+ P VA (A 14)

Employing the relations;
1
C—thl)x0 +V.A=0

and



A V2D = V. (A, VD — DVA,) + PV2A,

gives

1 1
— 2
Pry = 32 Pa®x, — 5 VP + V.dy (A.15)

with

1 3 1 1 1 1
d, = (E DAy, — Py, A1 + ECDCDXO + E¢A3,x3 — E‘DXZAZ’ ECIJAZ,X1 — o, A, + §¢x1A2’

A3¢x1> (A.16)
Generalizing to all three dimensions therefore gives;

1 1
Pr, = —4—CZCDxOCI>xi - EAl-\72c1> + V.d; (A.17)

Conclusion

Here it was shown how the EFE together with the Harmonic Gauge and with the definition of what
was referred to as the ‘Electric Charge Tensor’ providing the role of the matter tensor in the EFE, to a
first approximation, was sufficient to obtain the Maxwell Field Equations, the Lorentz Force law and
an approximate conservation of charge. By adopting this procedure it was found that, in addition to
the Four Potential, an acceptable definition of mass emerged naturally from the Metric Tensor and
which also increased in relation to velocity in the same way as described by Special Relativity.
However it should be noted that in order to be fully compliant with Maxwell’s Electromagnetism and
to also produce a weak attractive force between neutral bodies, potentially fulfilling the role of
gravity, it was necessary to assume an intrinsic weighted average rotational velocity to be present in
‘elementary charges’ of the order 3c?, with the weighting function being identified with the charge
distribution describing the ‘elementary charges’. It is recognised that this assumption could prove to
be a contentious issue regarding this theory. It was also mentioned that the actual rate of rotation
need not be of such a large magnitude, and that the 3¢? quantity could be achieved with relatively
small rotational speeds and a suitable choice of charge distribution. Finally a connection with
guantum theory was hinted at by examining the energy-momentum dependence on frequency of a
harmonic wave. The application of some of the results obtained in this study together with ideas
taken from [3] are applied in [4] to demonstrate consistency with a Weber like force law. As was
mentioned in [3] and briefly explored in this study, the thesis that Gravity emerges as a higher macro
approximation to the GWME will be the focus of a future research effort.
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