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The equations of the electromagnetic sector of the Evans field theory
are given in terms of differential geometry and are based on the well-
known structure relations and Bianchi identities. The equations thus
complete Einstein’s basic axiom, that physics is derived from geometry,
and extend the axiom to electrodynamics. Precise tests are suggested
for the theory using the interaction of circularly polarized electromag-
netic radiation with a non-relativistic electron beam. These tests in-
clude; the inverse Faraday effect (IFE), radiatively induced fermion
r%sonance (RFR), and the electromagnetic Aharonov-Bohm (EMAB)
effect.

Key words: the Evans field theory, electromagnetic sector, tests of
the Evans theory, inverse Faraday effect, radiatively induced fermion
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1. INTRODUCTION

Recently the first successful generally covariant unified field theory has
been developed and can be applied to all radiated and matter fields [1-
20]. In Sec. 2 of this paper we give the equations of the electromagnetic
sector of the theory and show that they are closely based on well known
equations of differential geometry: the structure relations and Bianchi
identities [21]. In Sec. 3, high precision tests of the theory are proposed
in a non-relativistic electron beam interacting with circularly polarised
electromagnetic radiation: the inverse Faraday effect (IFE), radiatively
induced fermion resonance (RFR), and the electromagnetically induced

37

0894-9875/05/0200-0037/0 © 2005 Springer Science-+Business Media, Inc.




38 Evans

Aharonov Bohm (EMAB) effect.

2. EQUATIONS OF THE ELECTROMAGNETIC
SECTOR OF EVANS’ FIELD THEORY

In this section we will give the equations of the electromagnetic sector
of the Evans theory [1-20] in a form which is easily recognisable as
standard differential geometry. The latter is transformed into Evans
electromagnetic field theory using the ansatz [1-20]

A = AOqe, (1)

Equation (1) defines the electromagnetic potential field A% as a vector-

valued tetrad one-form within a C negative factor A. The tetrad q:

1-21] is the gravitational potential field, so the ansatz (1) illustrates
eld unification in the simplest way possible. In order to introduce the
notation, we first give the older Maxwell-Heaviside (MH) field equa-
tions of special relativistic electrodynamics. In this way the advantages
of, and the new information contained in, the new theory can be seen
the most clearly. )
The MH equations are expressed most eloquently in terms of
differential forms [21,22] as follows:

F=dAA, (2)
dAF =0, (3)
d/\fzuol (4)

Here A is the scalar-valued potential one-form, dA the exterior deriva-
tive of differential geometry, F' the scalar-valued two-form that en-

capsulates the gauge-invariant electromagnetic field, F the dual of F
[21,22], and J the scalar-valued three-form that encapsulates the charge
current density of MH field theory. Here py is the permeability in vac-
uum, and SI units [1-20] have been used.

Equation (3) is a Jacobi identity [22], the most concise form of
the homogeneous field equation MH field theory. The homogeneous
field equation summarizes Gauss’s law and Faraday’s law of induction.
These two laws are therefore geometrical identities within a C negative
factor that turns the geometry into field equations of physics. This
inference gives us a clue as to the geometrical origin of electrodynamics
and leads us eventually to the Evans field equations given later in this
section. Equation (4) is the inhomogeneous field equation of MH field
theory but in this theory cannot be clearly recognised as an identity of
geometry. The inhomogeneous field equation contains Coulomb’s and
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the Ampére-Maxwell law. The gauge invariance of MH field theory
follows from the Poincaré lemma, [22]

dAd=0. A (5)
The electromagnetic two-form is gauge invariant because
dA(dAA) =0, (6)

and so F' is known as the gauge invariant electromagnetic two-form.
Therefore, in the concise and elegant notation of differential geometry,
gauge invariance is simple to comprehend, it is the consequence of
another geometrical identity, the Poincaré lemma. This suggests that
the inhomogeneous field equation should also be a geometrical identity,
and we will show later in this section that this is indeed the case in
the Evans field theory of general relativity, but not in the MH field
theory of special relativity. In the latter theory the inhomogeneous
field equation is empirical, i.e., based on data and not inferred from
feo]metry, as required by the Einsteinian principles of general relativity
23|.

For clarity of exposition and as an introduction to the Evans field
equations of electrodynamics, we give the well-known [1-22] tensor and
vector forms Eqgs. (2) to (4) as follows:

The tensor form of Eq. (2) is

F,=-F,=0,A —0A, (7)

and defines the anti-symmetric field tensor F,,, in terms of the potential

field A,, a covariant four-vector. Equation (7) can also be written in
contravariant form:

FW = —F"F = gFAY — §¥ A* (8)
The Jacobi identity (3) in tensor notation is

PP + BHFP + PPN =0, (9)
On defining the dual tensor

o= %e”"”Fm, (10)

the Jacobi identity (9) becomes the well-known homogeneous field
equation of MH field theory:

8™ = 0. (11)
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Equation (11) is Eq. (3) in tensor notation.

In defining the dual tensor the totally antisymmetric unit tensor
In four dimensions, €#*?’, has been used as usual. This tensor is the
same for any non-Euclidean spacetime [21], but in the MH field theory
is used in flat or Minkowski spacetime [1-23].

The inhomogeneous field equation in tensor notation is, in stan-

dard SI units,
aﬂFw = “ija (12)

where j” is the charge current-density four-vector. Equation (12) is the
tensor equivalent of the form equation (4).
The homogeneous field equation (11) is equivalent to the follow-

ing two vector equations:
V-B=0, (13)

OB
VXE+—-=0, (14)

respectively Gauss’s law and Faraday’s law of induction, where B®)
is magnetic flux density and E is electric field strength. Here ¢ is the
speed of light in vacuum. The inhomogeneous field equation (12) is
equivalent to the following two vector equations:

V-D=p, (15)

oD
VxH=J+ 3 (16)
respectively Coulomb’s law and the Ampére-Maxwell law. Here H is
the magnetic field strength, D the electric displacement, p the charge
density, and J the current density.

The great MH field theory, which these well-known equations
describe, has held sway in electrodynamics for over a hundred years,
but is not a theory of general relativity. The theory is the archetypical
theory of special relativity, in which spacetime is Minkowski spacetime,
sometimes referred to as flat spacetime. It is well-known that special
relativity evolved in 1905 from these same equations.

The Evans field theory infers electrodynamics from the twisting
of spacetime and makes electrodynamics a theory of general relativ-
ity. Therefore, the Evans theory is the direct logical outcome of the
Einsteinian principle that all theories of physics are theories of general
relativity, i.e., all of physics is based on geometry. The most eloquent
expression of geometry is differential geometry [1,22], which is valid for
all spacetimes, and is more general [21] than the Riemannian geometry
available to Einstein, a geometry in which the torsion tensor is assumed
to be zero when constructing the relation between the Christoffel sym-
bol and the symmetric metric tensor. In particular, differential geom-
etry allows for the existence of the torsion tensor [21] as well as the
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Riemann or curvature tensor, and this fact has been utilized in the de-
velopment of Evans field theory [1-20] to show that gravitation is the
curving of spacetime, electromagnetism is the twisting of spacetime.
The torsion tensor becomes the vector-valued torsion two-form Ry, in

differential geometry. One of the great advantages of differential geom-
etry is that it is valid for all possible spacetimes, so we can drop the
indices pv and simplify the notation [21], thus emphasising the most
important principles of the geometry and thence the physics. In other
words, we find all the laws of physics from the laws of geometry and
take Einstein seriously. The torsion form becomes 7 and the Riemann
form becomes Rf. The second major advantage is that differential ge-
ometry is developed in terms of the vector-valued tetrad one form q,

which is more fundamental than the metric tensor 9 used by Einstein
because )

Gu = qzqunab— (17)
In other words, the metric tensor is defined as the dot product of two

tetrads, so the tetrad factorizes the metric tensor of the base manifold
(non-Euclidean spacetime). Here 7,4 is the diagonal metric tensor

(10 0 o)
0—10 0
Tab = N> = (18)
0010

\0 0 ‘0—1)

of the orthonormal spacetime of the tetrad, a flat or Minkowski space-
time. We may therefore express all the important equations in the flat,
orthonormal, spacetime, remembering that each equation applies for
the unwritten subscript pv [21] of the non-Euclidean base manifold.
In this way we find the equations of generally covariant unified field
theory [1-20] by following the differential geometry. Similarly, Finstein
discovered the equations of gravitation by following Riemannian geom-
etry.

i The field equations of electromagnetism in the Evans theory
are found from the following fundamental and well-known equations of
differential geometry. The first Maurer-Cartan structure relation [1-
21] defines the vector-valued torsion two-form as the covariant exterior
derivative (denoted by DA) of the tetrad

T°=DAg"=dAg"+wi A, (19)

where w} is the spin connection [21]. Using the ansatz (1} and multi-
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plying both sides of Eq. (19) by A©®, we obtain

F*=DAA" (20)
= AOT=, (21)

This is the equation defining the gauge-invariant electromagnetic field
F* in terms of the potential in the Evans theory and is the generally
covariant form of Eq. (2) of the MH field theory of special relativity.
By comparison of Eqs. (20) and (2), it is seen that dA has been re-
placed by DA, A by A%, and F by F. The potential and the field have
each developed an internal index of the type normally associated with
Yang-Mills gauge field theory [22]. We are now able to see, further-
more, that index is the direct result of differential geometry. Thus A®
is the potential field of the electromagnetic sector of Evans field theory,
and F** is the gauge-invariant field. In tensor notation, A, becomes Al

a covariant four-vector with an internal index, and F,,, becomes F,,

an antisymmetric tensor with an internal index. In Eq. (20), the SI
units of F, A%, and DA are tesla = JsC™1m™2, tesla m, and m™!, re-
spectively. If a = (1),(2),(3) of the complex circular basis, then we
obtain the field equations of O(3) electrodynamics [1-20]. The latter
have been extensively developed theoretically and tested experimen-
tally. In Sec. 3, we summarize three further tests so we have derived
O(3) electrodynamics from differential geometry using the ansatz (1).
In so doing, we have tested the ansatz experimentally, because O(3)
electrodynamics has been tested experimentally [1-20].

The homogeneous and inhomogeneous field equations of the
Evans theory are found from the first and second Bianchi identities
of differential geometry [21}:

D ARE=0, (22)
DAT*=R{ A (23)

In terms of the spin Cc;nnection, Eq. (22) becomes
dARy+wiAR;—RiAw; =0 (24)

and is a generalization of the well-known Bianchi identity of Rieman-
nian geometry:

D,R;,, + D,R},,+ D.R},, =0. - (25)

In terms of the spin connection, Eq. (23) reads
AANT* +wf AT’ =RAG (26)
and is a generalization of the following identity in Riemannian geome-

try:
Rpopw + Rppwo + Rppoy = 0. (27)
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Equation (27) is equivalent to the following fundamental symmetries
of the Riemann tensor:

Ropopv = —Ropuv, (28)
Rpcrpv = _Rpauy.- (29)

The structure of the electromagnetic sector of the Evans theory is there-
fore summarized as follows:

de/\A, TazD/\qa’
dAF=0, — |DAT*=RAQ,
dAF= pyl. DAR2=0.

The homogeneous field equation of the electromagnetic sector
of the Evans unified field theory is

"DAF*= RN A= AORE A ¢® = pyj°. (30)

When the electromagnetic and gravitational fields decouple:
DAF® =0, (31)
RIAG =0 (32)

and, in the MH limit,
DAF* ->dAF=0. (33)

When the gravitational field influences the electromagnetic field or vice
versa, the unified field is governed by the equation

DAFe=ADR: Agb #£0, (34)

and the homogeneous field equation of the MH theory, Eq. (33), be-
come(:s the homogeneous field equation of the Evans unified field theory,
Eq. (34).

%quation (31) is the intermediate step towards the completed
unified field theory; and, when a(1), (2), (3), Eq. (31) becomes the ho-
mogeneous field equation of O(3) electrodynamics [17]. In vector no-
tation, Eq. (31) becomes the following six equations:

v -BM =0, (35)
V-B® =, (36)
v -B® =y, (37)
V-EW 4+ 9BW /3t =0, (38)
v-E® 4 oB® /ot = 0, (39)

oB® /ot = 0. (40)
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In order to search experimentally for the influence of the gravi-
tational field on the electromagnetic field, it is necessary to search for
departures from Gauss’s law and Faraday’s law of induction. Equation
(34) is obtained from Eq. (33) by symmetry building (“inverse symme-
try breaking”), as summarized in the following diagram: Similarly the

dAF=0] —— [DAF =Dy

MH 'Symmetry, Unified Field
Theory Theory

inhomogeneous field equation of the unified field theory is obtained by
symmetry building as follows:

dAF=0y)] —F— |DAFE =0,/

MH 'Symmetry, |Unified Field
Theory ! BuildingJ' Theory

The MH field equations in this case are the Coulomb and the
Ampere-Maxwell laws. So, to look for the effects of gravitation on elec-
tromagnetism, it is necessary to search experimentally for departures
from these laws.

In tensor notation, the electromagnetic field in the Evans unified
field theory is

Fg, = AOTS = AOT: g2, (41)

where T}, is the torsion tensor. Therefore, the inhomogeneous field
equation of the unified field theory is

DEFR, = pody, (42)
where the charge current density is defined by
A©) .

J¢ = —u;qu“ (T, —T5.) - (43)

In differential-form notation, Eq. (42) reads
D/\Fva = pugd?, (44)

and so the electromagnetic sector of the Evans unified field theory is

described by
D A F* = pgj®, (45)
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D A F* = pyJ°. (46)

The unified field theory evolves from the original MH field theory
by building symmetry as follows:

dANF =0, DA F%= pyj*,
d/\?"—"‘qu. D/\f’azﬂo.].

The symmetry of the unified field equation is that of the Einstein group
with sixteen irreducible representations. This is a higher symmetry
than that of O(3) electrodynamics, the intermediate theory in which
the electromagnetic and gravitational fields are still decoupled, and
O(3) electrodynamics has in turn a higher symmetry than U(1) elec-
trodynamics, the MH symmetry. The experimental evidence for O(3)
electrodynamics is summarized in Ref. [17].
In tensor notation, Eq. (23) reads

0, T2 + W T,i’p +8,T2, + wﬁngﬁ

P
o amb __ a a
+ 0,15, +wip T, = R, ,+ Ry, + R.,

prp

(47)

and is a balance of identities of differential geometry [21]. On the right-
hand side is the Bianchi identity used in gravitational general relativity
[27], and the left-hand side is the covariant exterior derivative of the
torsion form. In tensor notation, the homogeneous field equation of
the unified field theory is obtained directly from Egs. (47) and (1) and
reads ‘

B, F2, + whFb, + 8,F2, + wi, Fe,
+0,F2, +wyF?, = A® (Re, + R:  + RS,

pvp

(48)

Equation (48) governs the unified gravitational and electromagnetic
fields. When the two fields are unified they interact and mutually
influence each other. This process is governed by

R%,+Re,+ R, #0. (49)

pUp vph
When there is no influence of gravitation on electromagnetism both the
left-hand and right-hand sides of Eq. (48) vanish identically

R, +R_+R =0 (50)

prp vpp prv

BuF2, + Wi Fb + 0,F2, + Wi Fl, + 8,F5, +whFp, :=0. (51)
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Eq. (50) is the familiar Bianchi identity of the gravitational field unin-
fluenced by the electromagnetic field, and Eq. (51) is the homogeneous
field equation of the electromagnetic field uninfluenced by the gravita-
tional field.

The electromagnetic field is therefore the spinning of spacetime
described by the torsion tensor and the gravitational field is the curv-
ing of spacetime described by the curvature tensor. Differential geom-
etry is needed to build the symmetry of the unified field theory and
in differential geometry spinning is described by the torsion form and
curvature by the curvature form. The homogeneous field equation of
the unified field is an identity, Eq. (48), of differential geometry, which
is valid for a spacetime in which there is both spin and curvature. Such
an identity is not available in Riemann geometry when the Christoffel
connection is symmetric in its lower two indices. This is the type of
spacetime used in the Einstein theory of gravitation, and in this space-
time Eq. (50) always holds. So such a spacetime cannot be used to
unify gravitation and electromagnetism. The Maxwell-Heaviside field
theory is philosophically different from the Einstein field theory in that
the electromagnetic field is superimposed on a flat (Minkowski) space-
time in which the spin connection vanishes. In the Evans unified field
theory this fundamental philosophical difference (which prevents field
unification in the standard model and string theory) is bridged by rec-
ognizing that the electromagnetic field is the torsion form of differential
geometry, so electromagnetism is the spinning of spacetime itself. This
spinning is in general influenced by the curving of spacetime through
Eqgs. (47) or (48). We therefore obtain field unification by symmetry
building. The intermediate stage in this process, O(3) electrodynamics,
has been tested extensively against experimental data [17].

3. EXPERIMENTAL TESTS OF THE EVANS THEORY

It has been established and well accepted [1-20] that the Evans field
theory infers the inverse Faraday effect through the Evans spin field

B® = —igAM A A®), (52)

which is dual to torsion two-form of spacetime. The inverse Faraday
effect therefore originates in the torsion or twisting motion of spacetime.
In order to test this hypothesis accurately it is suggested that a high
precision inverse Faraday effect calibrating experiment first be carried
out as follows in a non-relativistic electron beam.

The inverse Faraday effect is the orbital angular momentum
imparted to the electron beam by the Evans spin field. For a non-
relativistic electron beam, the energy exchanged during the process is
[1-20] 2 £(0)2 2
Engpg = SB® A7 _ P (53)

2m
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Here m is the mass of the electron,

m = 9.10953 x 107 kg, (54)

and p = eA© its linear momentum. Therefore, the energy imparted to
the electron beam by the circularly polarized electromagnetic beam is
the Newtonian kinetic energy p?/2m. The energy in Eq. (53) may be

written as [1-20]
e2 A2 e2upc\ I
Enipg = = ( £ ) (55)

2m om | w?’

where I is the beam power density (Wm™2) and w is the beam an-
gular frequency (rads™!). The energy exchanged is characteristically
dependent on the power density and the inverse square of the angular
frequency.

The orbital angular momentum JJ imparted to the electron beam
can be calculated from the fundamental relation between energy and
angular momentum, .

and so ) !
_ e” pC 4
J= ( = )ws. (57)

From Eq. (57) the magnetic flux density is tesla (1.0 T = 10*G) im-
parted to the non-relativistic electron beam may be calculated [1-20}
to be

@ @w@ _N e N piede\ I
Bsa.mple = “'OMsample - V“’O%J = V (W u_J§ (58)

Here M® is the magnetization produced in the inverse Faraday ef-
fect for N electrons in a sample volume V; see Eq. (F5), p. 208, The
Enigmatic Photon, Vol. 8 (Ref. 15). For a pulsed Nd YaG laser with
I =55%x102Wm™2,w = 1.77 x 10'® rads™* and N/V = 10? electrons
m~3 (Avogadro’s number), we find

BY®  ~107°T =107%G, (59)

ple
an order of magnitude observed experimentally in liquids, solids and
gases, for example. The inverse Faraday effect has been observed many
times [1-20] in a variety of materials, and solidly indicates the existence
of the Evans spin field B®). However a high precision, baseline exper-
iment in a non-relativistic electron beam has yet to be carried out.
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Having carried out this baseline experiment, it is then necessary
to develop radiatively induced fermion resonance (RFR), which orig-
inates in the spin angular momentum imparted to the electron beam
by the Evans spin field [1-20}:

eh e2 A0)2 ploz
om om 2T om (60)

Here oz is the third Pauli matrix and o the zero-order Pauli matrix.
It is seen from Eq. (60) that RFR originates in the Newtonian kinetic
energy multiplied by oz. Electron spin resonance between the states
of oz gives rise to RFR as follows:

O'OETLRFR = B(s)O'Z =

e2A©® eZuoc\ I
En =2nhfes = —(-D] = -
n= g = S - ()= (AE) e
so the resonance frequency in hertz is

It displays the characteristic I/w? dependence of the IFE (Eq. (55)).
This property of RFR means that it can produce fermion resonance at
high resolution without magnets, for example electron spin resonance,
nuclear magnetic resonance and magnetic resonance imaging without
permanent magnets [1-20]. The magnet is replaced by a circularly
polarized radio frequency beam.

Thirdly, it is necessary to carry out an accurate test of EMAB
by replacing the magnetized iron whisker of the original Chambers
experiment by a circularly polarized radio frequency beam. The EMAB
is caused by the B® of the radio frequency field and detected as a shift
in the fringe pattern of two interfering electron beams:

L A
Az = E%Aé (63)

in a Young interferometer. Here L is the distance between the plates
of the interferometer, d, the distance between the openings in the first
plate, and X the electron wavelength. In the original Chambers exper-
iment used to detect the Aharonov-Bohm effect:

€ e
. = — 4
AS = ZBAr = 29, (64)

where B is the magnetic flux density produced by the iron whisker and
Ar the area enclosed by the electron beams. This shift was first ob-
served by Chambers in 1859 following the original theory by Aharanov
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and Bohm. This has recently been understood in terms of the Evans
phase law {1-20}:

Ad = exp (z% / B® . de'r') , (65)

which follows from the fact that any magnetic field must be defined by
B=DANA=dANA+gANA, (66)
where g = e/h. In the complex circular basis, Eq. (66) becomes

B® = —jg AN A A®, (67)

The conventional magnetic field is described by Eq. (66), when B is
the magnetic flux density of the iron whisker [1-20]. So the Evans field
theory gives a consistent description both of the conventional and elec-
tromagnetic Aharonov-Bohm effects in terms of the covariant derivative
(66).

In vector notation,

B® = —jgAM x A®), (68)
and the magnitude of the field is
B® = |BO)| = 402 (69)
h ?
where
A®2 = gl fu?, (70)

showing again the characteristic /w? dependence. In SI units:

o= 47 x 1077 Js? C?m™1, ¢ = 2.997925 x 10® ms™!,

(71)
e=1.60219 x 10719C, k = 1.05459 x 1073* Js,
and I
3) — (SHoCN - 72
B ( h Jw? (72)
From Eqgs. (64) and (72):
Ad e2uoc I g 1
— = — =8. — 73
. ( = )w2 8.6954 x 10% =, (73)

which is the phase shift per unit area enclosed by the electron beams
due to a circularly polarized radio frequency field replacing the iron
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whisker in the Chambers experiment. This is the electromagnetic
Aharanov-Bohm (EMAB) effect.

The equivalent of Eq. (73) for the magnetic Aharonov-Bohm
effect is

22-%p (74)

for a magnetic field 1G (= 107*T), and the phase shift per unit area
from Eq. (74) is 1.519 x 10" m~2.

For an electromagnetic field of 1.0 G Hz angular frequency and
10~* Wm™2 power density (1 watt per cm?) the phase shift per unit
area from Eq. (73) is 8.695 x 10'm~2. Under such conditions, the
EMAB effect should be observable using a modification of the Cham-
bers experiment. However, if a Nd YaG laser is used at the same power
density but at angular frequency 1.77 x 10*Srads™, the phase shift per
unit area becomes 0.013 ™2 and unobservable. An EMAB effect might
however be observable with a Nd YaG laser if the latter is pulsed to
very high power densities.

‘The observation of the IFE in this way would be important for
fundamental physics, the observation of the RFR would open up a new
industry, and the observation of the EMAB effect would lead to several
new radar technologies.
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