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ABSTRACT

The homogeneous (HE) and inhomogeneous (IE) Evans unified field equations
are deduced from differential geometry and the Hodge dual in the general four dimensional
manifold (Evans spacetimé) of unified field theory. The HE is the first Bianchi identity of
differential geometry multiplied on both sides by the fundamental voltage A(o,)a scalar valued
electromagnetic potential magnitude. The IE is deduced by evaluating the Hodge dual of the
Riemann form and the Hodge dual of the torsion form in the first Bianchi identity, then
multiplying both sides of the resultant equation by A ° . This procedure generalizes the well
known Hodge dual relation between the anti-symmetric electromagnetic field tensors of the
homogeneous and inhomogeneous Maxwell Heaviside field equations of the standard model.
The resulting HE and IE equations are correctly objective, or generally covariant, whereas the
MH equations are valid only in the Minkowski spacetime of special relativity, and so are not
generally covariant or objective equations of physics. For this reason the HE and IE field

equations are able to analyze the mutual effects of gravitation on electromagnetism and vice

versa, whereas the MH equations fail qualitatively in this objective.

Keywords: Homogeneous and inhomogeneous Evans field equations; Hodge dual; Evans

unified field theory.
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1. INTRODUCTION.

It is well known that the homogeneous and inhomogeneous Maxwell Heaviside

(MH) field equations of the standard model are respectively {1, 2}
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in differential geometry. Here d " is the exterior derivative, F is the scalar valued
electromagnetic field two-form; ;is the Hodge dual {1} of F in Minkowski spacetime and so
is another scalar valued two-form, and J is the scalar valued charge-current density three-
form. Egs. (1) and (2) are written in S.I. units and /M o 1s the S.I. permeability in vacuo. In
Section 2 the MH equations of the standard model are made objective or generally covariant
equations of the Evans unified field theory {3-32}. Eq. (1) is developed into the
homogeneous Evans field equation (HE) and Eq. (2) is developed into the inhomogeneous

Evans field equation (IE). The resulting equations are written in the general four dimensional

manifold known as Evans spacetime and are:
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_ is the covariant exterior derivative where & lis the spin connection {1} of differential

a ~a
geometry. In Eqs (3) and (4) F  is the vector valued electromagnetic field two-form; F is

a .
its Hodge dual {1} in Evans spacetime, R \is the tensor valued Riemann or curvature two-

~ 0 Q G
v form; Res the Hodge dual of R in Evans spacetime; A is the vector-valued




electromagnetic potential one-form. Eq. (3) is the first Bianchi identity of differential
(o)
geometry {1} mutiplied on both sides by the fundamental voltage A {3-32}; a scalar valued

electromagnetic potential magnitude in volts. Thus the HE equation is:
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Similarly the IE equation is:
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In Egs. (6) and (7) T is the vector-valued torsion two-form of differential geometry and q s
the vector valued tetrad one-form of differential geometry. Thus {3-32}:
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Egs. (8) and (9) convert differential geometry to the unified field theory.
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In Section 2 the current terms j " and ]~ are developed in terms of the
fundamental differential forms of geometry. In section 3 the mutual effects of gra{/itation and
electromagnetism are discussed in some detail and suggestions made for numerical solutions
of the HE and IE field equations. Essentially this work shows that all of physics originates in

spacetime geodynamics {33}.




2. DEVELOPMENT OF THE CURRENT TERMS j and J.

It is convenient to summarize the notation used in the unified field theory as

follows, first for the HE and then for the IE field equations.

The HE equation in “barebones notation”, with all indices suppressed is:
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The tangent bundle indices are first restored to give:
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Secondly the indices of the base manifold are restored to give:
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In tensor notation, Eq ( \A ) is developed as follows:
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It can therefore be seen that the condensed notation of Eq ( | ©) is equivalent to solving
simultaneous partial differential equations for given initial and boundary conditions. This
problem can be addressed numerically and the result will be an estimate of the effect of
gravitation on electromagnetism for a given experimental situation. Analytical methods of
approximation and experimental data where available should always be used as guidelines to
the numerical solution.

The homogeneous MH equation of the standard model loses a lot of information in

comparison with the HE equation. This can be seen as follows. In barebones notation the




equivalent of Eq. ( | 0 ) in the standard model is:
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There are no tangent bundle indices in equation ( \\-\—) because it is an equation of
Minkowski spacetime in which the electromagnetic field is thought of as a sebarate entity, an
entity superimposed on the frame (the Minkowski spacetime). The Evans field theory on the
other hand is a unified field theory of general relativity in which the unified field is the Evans
spacetime, or general four dimensional manifold. Tangent bundles {1} are defined on this
base manifold, and so tangent bundle indices appear in Eq. ( \\ ). These indices define
states of polarization of the electromagnetic field. The indices of the base manifold can be
restored in Eq. ( \L\') to give:
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an equation which when written out in full is:
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In comparison with the HE equation it is seen that there is no spin connection and no
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Riemann form in Eq. ( \l’; ). The latter cannot therefore describe the effect of gravitation on
electromagnetism and vice versa. This is an obvious and well known failure of the standard
model, meaning that the Evans field theory should be preferred to the standard model. The
latter is not an objective theory of nature, while the Evans field theory is objective and thus
the first generally covariant theory of ALL natural philosophy - the first workable unified
field theory.

The charge-current density of the HE equation is the vector valued three-form:
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in barebones notation. It is therefore a balance of terms. Eq. ( 3 ) describes the Gauss Law
of magnetism and the Faraday Law of induction in the unified field theory. Experimentally it

is known that these laws are obeyed to high precision, for example in standards laboratories,
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Therefore:
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i.e. j is very small experimentally in laboratory experiments. In a cosmological context

implying:
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however it may become possible to detect j experimentally, for example in electromagnetic
radiation grazing an intensely gravitating object (Eddington type experiment) or in anomalous

redshift data or similar. If j vanishes identically it follows from Eqgs. ( éa ) and ( 14 ) that:
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Using the structure equations of differential geometry: ‘
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Eq. (}0 ) implies:
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One possible solution of Eq. ( Ql ) is:
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and this is true in circular polarization {3-32}.

The first Bianchi identity of differential geometry, Eq. ( é ), allows for:
L
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and so j can be non-zero mathematically. For j to be non-zero the gamma connection of
Riemann geometry {1} must be asymmetric in its lower two indices, and when this condition
is true gravitation and electromagnetism are mutually influential {3-32}. Initially circularly
polarized electromagnetic radiation is changed by intense gravitation into elliptical
polarization when j is non-zero. In the laboratory this is expected to be a very small effect,
because Eq. ( \ € ) is true experimentally to high precision in the laboratory, but in a
cosmological context j may become observable as discussed already. In the standard model j
is always zero. So this type of experiment may be used to test the difference between Evans
field theory and the standard model. Numerical methods would be needed to simulate and
design such an experiment and to estimate j for a given R and given spin connection in the
presence of gravitation. “The presence of gravitation” means that there is a contriBution to
the complete (in general asymmetric) gamma connection from a component of the gamma
connection which is symmetric in its lower two indices (the well known Christoffel, Levi-

~ Civita or Riemannian connection {1}). “The absence of gravitation” means that the gamma
connection is anti-symmetric in its lower two indices. This is the gamma connection of
electromagnetism uninfluenced by gravitation. “The absence of electromagnetism” means

that the gamma connection is symmetric in its lower two indices, and that the torsion form




vanishes by definition {1}. In all three cases note carefully that the Riemann tensor or
Riemann form is non-zero. The Riemann form of electromagnetism is therefore non-zero in
the absence of gravitation but is undefined in the standard model. On the other hand the
torsion form vanishes by definition when the gamma connection is symmetric in its lower two
indices. If the Riemann form and connection form are both zero, the spacetime is Minkowski
spacetime, and gravitation and electromagnetism are not defined because the unified Evans
field is not defined in a Minkowski spacetime. In the self-inconsistent and incomplete
standard model electromagnetism is a separate philosophical entity superimposed on the
frame of Minkowski spacetime, and gravitation is in essence the Christoffel connection.

The charge-current density J of the IE equation can become much larger than j
and is of much greater practical importance in the acquisition of electric power from Evans
spacetime. The practically important current J is defined as:
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in barebones notation. Reinstating indices:
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and when written out in tensor notation we obtain:
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The IE equation is obtained in analogy with the inhomogeneous MH equation ( & ), in
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which the scalar valued {1} electromagnetic field two-form F is replaced by its Hodge dual
~/
{1} F in Minkowski spacetime. Therefore in order to obtain the IE equation from the HE
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equation the Hodge duals are defined of F and RG\, in Evans spacetime. Here F  is a vector

valued {1} two-form of the Evans (i.e. unified) field, and Rq\, is a tensor valued two-form of

the Evans field. A differential two-form is antisymmetric in the indices of the base manifold.
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The Hodge dual {1} of a vector valued two-form in the general four-dimensional manifold is

Thus:

another vector valued two-form, another antisymmetric tensor with respect to the base
manifold. Similarly the Hodge dual of a tensor valued two-form is another tensor valued two-
form. Thus by anti-symmetry (Egs. ( Ac\) and ( 3o )) we obtain the IE from the HE.

In so doing care must be taken to define the Hodge dual correctly. The general

definition of the Hodge dual for any differential form in any manifold is {1}:
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Eq. ( 5 ) maps from a p-form to an (n - p)-form the general n dimensional manifold. The

Levi-Civita symbol in the general manifold is defined {1} as:
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The Levi-Civita symbol used in the definition of the Hodge dual is {1}:
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where \ °> \ is the numerical magnitude of the determinant of the metric. In the general

four-dimensional manifold (Evans spacetime), a two-form is dual to a two-form:
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Indices are raised and lowered in the Levi-Civita tensor by use of the metric tensor. The latter

is normalized by: | < 3 g
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This is the correct definition of the Hodge dual of a differential two-form in Evans spacetime.

For numerical solutions this definition must be coded correctly in order to define the IE
a
equation and the current J . The definition ( 3¢ ) is true both for a vector valued and

tensor valued two-form of Evans spacetime.
None of these fundamentally important concepts of differential geometry appear
in the standard model but they are of basic importance for the engineering of electric power

a
form Evans spacetime through the current J
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3. DISCUSSION OF THE INTERACTION OF ELECTROMAGNETISM AND
GRAVITATION.

It is important to realize that in the Evans field theory the currents jand ] are a
logical consequence of differential geometry, and also govern the way in which
electromagnetism influences gravitation and vice versa. In the older MH theox;y the current j
is not recognized to exist, and J is introduced empirically without reference to geometry as
required in general relativity. The Evans field theory therefore has fundamental advantages
over the MH field theory. It is proved as follows that if j is zero experimentally to high
precision, then J is non-zero as also observed experimentally.

It is required to prove that if:
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then:

~_ b
e\ f\w\’ % eTe N7 (3@

In tensor notation Eq. ( 37 ) is:

_ (59

a Q L a L
K "f"“; R

and this is equivalent {3-32} to:
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It follows from Eq. ( 3 0) that in general:




So the proof is complete (q.e.d.) and rigorously geometrical in nature. In the Evans field
theory it has been proven rigorously that if j ~ 0 experimentally then J is not zero. This proof
then shows the origin of charge current density (J) in general relativity or objective physics.
The Einsteinian theory of gravitation uses the Christoffel symbol, as discussed
already, and in this theory there is no influence of gravitation on electromagneﬁsm. The use

of a Christoffel symbol implies:
R = © _ < \'\*a>
NV
which is the familiar Bianchi identity:
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of the Einstein theory. Eq. (%) implies that electromagnetism is described in objective

physics with the use of an anti-symmetric gamma connection in the HE:
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There is no contribution from gravitation, so the latter, self consistently, does not influence
electromagnetism in the Einstein limit.

When there is interaction between gravitation and electromagnetism, the gamma
connection is in general asymmetric in the HE and IE equations. This tneans that the gamma
connection is a sum of antisymmetric and symmetric components, a conclusion which follows
from the well known theorem that an asymmetric matrix is always the well defined sum of a
symmetric matrix and an anti-symmetric matrix. This INTERACTION between gravitation
and electromagnetism is the critically important factor in extracting electric power from
Evans spacetime in situations where the standard model fails qualitatively. The standard

model is not capable of describing this interaction, so is not capacble of describing the




critically important extra source of electric power that appears in general in both j and J.
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