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ABSTRACT. The unificatiion of the gravitational and electromagnetic fields
achieved geometrically in the generally covariant unified field theory of Evans
implies that electromagnetism is the spinning of spacetime, gravitation is the
curving of spacetime. The homogeneous unified field equation of Evans is a
balance of spacetime spin and curvature and governs the influence of electro-
magnetism on gravitation using the first Bianchi identity of differential geom-
etry. The second Bianchi identity of differential geometry is shown to lead to
the conservation law of the Evans unified field, and also to a generalization of
the Einstein field equation for the unified field. Rigorous mathematical proofs
are given in appendices of the four equations of differential geometry which
are the cornerstones of the Evans unified field theory: the first and second
Maurer-Cartan structure relations and the first and second Bianchi identities.
As an example of the theory the origin of wavenumber and frequency is traced
to elements of the torsion tensor of spinning spacetime.
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1. INTRODUCTION

From 1925 to 1955 Einstein made various attempts to unify the gravitational
and electromagnetic fields within general relativity. The attempts are summarized
in updated appendices of various editions of ref. [1] and are all based on geometry.

The gravitional sector of the unified field was developed by Einstein and others in W

\
terms of Riemann geometry with a symmetric Christoffel connect;io which (\
implies the first Bianchi identity

Ropvp + Rovpp + Boppw =0

(1) v}/
AN
by symmetry (2] in Eq(1) Rsu., is the Riemann or curvature tensor with lowered
dice, deine 5 W
indices, defined by - I
T

_ K
Ropvp = 9o Ryuvp

where g, is the symmetric metric tensor [1]. The Riemann curvature tensor is

defined in terms of the gamma connection y,," by

Ry’ = — a@+@_@ (3)_ (a\( r\

Eq(3) is true for any kind of gamma connection, as is the second Bianchi identity
L —>— ) Ro? b D Doffip F 0 (4)
ARFP
y< where Dy is the covariant derivative [2] defined with the general gamma connection
S QV of any symmetry. The symmetric Christoffel connection is the special case where
C MQK > the gamma connection is symmetric and defined by
L
%
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Using the metric compatibility postulate [2]
Dpg"” =0 (6)

the symmetric Christoffel connection can be expressed in terms of the symmetric
metric

A 1

Yuv J= _2—gop(augl'p + 0 9pu — OpGuv) (7

The use of Eq.(7) automatically implies that the torsion tensor 7,,," vanishes
TuuK ')’uu'c You 1=0 (8)

So Einstein’s famous gravitational theory is one in which there is no spacetime
torsion or spinning. The first Bianchi identity [1] is also a special case therefore,
defined by Eq.(5). More generally the cyclic sum in Eq.(1) is not zero if the gamma
connection is not syminetric, and this turns out to be of fundamental iinportance
for unified field theory: any mutual influence of gravitation upon electromagnetism
depends on the fact that Eq.(1) does not hold in general. In contrast, note carefully
that the second Bianchi identity (4) is always true for any type of connection,
because it is fundamentally the cyclic sum of commutators of covariant derivatives
2]
[[DA,D.O}’DU] + {[Dpv Do],DA] + [[Dm DAL@ =0 (9)
The above are the well-known geometrical equations that are the cornerstones
of Eistein’s generally covariant theory of gravitation [1,2].
The type of Riemann geometry almost always used by Einstein and others [2] for
generally covariant gravitational field theory is a special case of the more general
Cartan differential geometry [2] in which the connection is no longer symmetric and

which the metric is in general the outer or tensor product of two more fundamental

\o
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tetrads ¢,*. Thus, in differential geometry the metric tensor is in general an asym-
metric matrix. Any asymmetric matrix is always the sum of a symmetric matrix
and an anti-symmetric matrix 3, so it is possible to construct an anti-symmetric
metric tensor. The symmetric metric used by Einstein to describe gravitétion is

therefore the special case defined by the inner or dot product of two tetrads [2]

Gur = 0u"9 b (10)

where 17,3 is the diagonal, constant metric in the orthonormal or flat spacetime of

the tetrad, indexed a
nab:diag(—l,l,l,l) (11)

Any attempt to construct a generally covariant unified fieldl theory of all radi-
ated and matter fields must therefore be based on differential geometry and must be
based on the tetrad rather than the metric. The fundamental reason for this is that
electromagnetism is known experimentally to be a spin phenomenon, and spin does
not enter into Einstein’s theory of gravitation because the torsion tensor vanishes as
we have argued. Therefore a unified field theory must be based on geometry (such
as differential geometry) that considers a non-zero torsion tensor as well as a non-
zero curvature tensor. The conclusive advantage of a geometrical theory of fields
over a gauge theory of fields is that the tangent bundle Ispacetime indexed a in the
former theory is geometrical and therefore physical from the outset, whereas the
fiber bundle spacetime of gauge theory is abstract and is a mathematical construct
imposed for convenience on the base manifold without any reference to geometry.
Thus gauge theory can never be a valid theory of general relativity because the

latter is fundamentally based on geometry and must alwasys be developed logically.
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therefrom. Proceeding on this fundamental geometrical hypothesis of general rela-
tivity, therefore, the Evans unified field theory follows straightforwardly by tracing
its origins to the fundamental equations that define differential geometry. These
fundamental equations of differential geometery become the fundamental eqﬁations

of the unified field theory through the Evans Ansatz [4]
A0 = AWg e (12)

In Eq.(4) A,* is the potential field of the electromagnetic sector of the unified field
and the tetrad ¢,° is the fundamental building block of the gravitational sector.
Here A® denotes a C negative scalar originating in the magnetic fluxon fi/e, a
primordial and universal constant of physics. Here % is the reduced Planck constant

h/2n and e the charge on the proton (the negative of the charge on the electron)

h = 1.05459 x 107** Js, (13)

e=1.60219 x 107°C. (14y

In Section 2 we give the four fundamental equations of differential geometry: the
first and second Maurer-Cartan structure relations and the first and second Bianchi
identities and transform them into the equations of the Evans unified field [5-20]
using Eq.(12). The rigorous mathematical proofs of all four equations are given in
Appendices 1 to 4.

In Section 3 the Maxwell-Heaviside and Einstein limits of the Evans unified
field theory are derived and discussed and in Section 4 a discussion is given of the
implications of the unified field theory in evolution and various new technologies
based on the ability of the gravitational and electromagnetic fields to be mutually

influential.
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2. THE FUNDAMENTAL EQUATIONS

The fundamental equations of the unified field theory are the fundamental equa-
tions of differential geometry [2], namely the two Maurer-Cartan structure relations
and the two Bianchi identities. There are two fundamental differntial forms [2] that
together describe any spacetime, the torsion or spin form and the Rieman or cur-
vature form. Any radiated or matter field in general relativity is therefore defined
in terms of these forms. The structure relations of differential geometry define the
spin and curvature forms respectively as the covariant exterior derivatives of the

tetrad form and spin connection one-form

T =DA¢ =dAg®+w AP, (15)

z=D=dA B e Ay, (16)

It is shown rigorously in the Appendices that these definitions are equivalent td
the definitions of the spin and curvature tensors in terms of the gamma connec-
tion of any symmetry. Differential geometry is valid for any spacetime and any
type of connection, and this realization is a key step towards the evolution of the
Evans unified field theory, the first successful unifed theory of the gravitational and
electromagnetic fields.

The other two fundamental equations of differential geometry are the first and

second Bianchi identities [2]

DAT® = R A¢q° (17)

DARY:=0 (18)

~

¢
Xy

e
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There are written out in tensor notation and rigorously proven in the Appendices.

The first Bianchi identity(17) generalizes Eq.(1) and the second Bianchi identity,
Eq.(18), is Eq.(4) defined for any type of connection.

Egs.(15) to (18) are the four cornerstones of any unified field theory bésed on

geometry, i.e. of any generally covariant unified field theory. They are transformed

into equations of the unified field using the Ansatz(12), and so Egs.(15) and (17)

become S /{)‘/ o

F*=DAA® = dA A +w® A A D A Fo5 = R% A AP, (19) Kﬂ, £

—/——é—'_/

—esy o
Eq.(19) defines the field in terms of the potential, Eq.(20) is the homogeneous field ' (/){5
%/

sector for any connection. In general both the spin and curvature forms are non- ( \ c\>

equation of the electromagnetic sector. Egs.(16) and (18) define the gravitational (

zero and so Eq.(20) demonstrates the way in whiich the gravitational field may
influence the electromagnetic field and vice-versa. The extent to which this occurs‘
must be found experimentally but Eq.(20) shows that it is possible throught a
balance of spin and curvature in differential geometry. When both sides of Eq.(2)
are non-zero the electromagnetic field can be influenced by the gravitational field
and the gravitational field can be influenced by the electromagnetic field. In the first
instance it then becomes possible to build electric power stations from spacetime
curved by mass, and in the second instance it becomes possible to build counter-
gravitational devices built from electromagnetic technolog. The possibility of such
technologies must be tested by high precision experiments [21]. It seems likely that
the chances of success are maximised by using high intensity femtosecond laser
pulses incident on a high precision gavimeter in a high vacuum. The latter is used‘

to remove “ion wind” artifact, i.e. extraneous effects due to atmospheric charging.
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If it is found within experimental uncertainty that there is no effect of the gravi-
tational field on the electromagnetic field and vice-versa, then the primordial Evans
field has split entirely during the course of billions of years of evolution into what,
we term “pure electromagnetism” and “pure gravitation”. These independeﬁt fields

are described by the unified field equation

a (2& v Coq\:,,\F
AnfES = Ry nNA —
DAL =R AAL =G, (20)

This is evidently an equation of differential geometry in the limit

&Yt L @%
— G _
ANT = \“ 7~ @
RégpAb—0— (22)
L a b
a T -
R% nay -—w v N = O
and so is a generally covariant unified field equation. In the following section

we discuss this equation further in order to define precisely the Einsteinian and

Maxwell-Heaviside limits of the Evans field theory.

3. LIMITING FORMS OF THE EVANS FIELD.

The Einsteinian limit is defined by

T® =0, (23)

o
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so the torsion or spin form vanishes and we recover the equations of the introduction.

In the language of differential geometry the Einstein field theory is therefore

DAg* =0, . (24)
R, = D Aw%, (25)
Ry Agb =0, (26)
DAR%:=0 (27)

It is defined by the two Bianchi identities with a symmetric Christoffel symbol, and
by the structure relations for zero torsion or spin form. The first structure relation
in the Einstein theory gives a differential equation for the tetrad in terms of the

spin connection
dAg" = —w A g° (28)
which is equivalent to Eq.(7) of the introduction. The second Bianchi identity of

the Einstein field theory, Eq.(28), leads directly [2] to the well-known Einstein field

equation. In tensor notation this is
Gu = kT, (29)

where
1
G = Ry ~ 5 Rop (30)

is the Einstein field tensor. The Ricci tensor R, and the metric g, are symmetric
in the Einstein field theory because the Christoffel connection is symmetric in its
lower two indices (Eq.(5)). In the more general Evans unified field theory the

Ricci tensor and the metric tensor are asymmetric matrices with anti-symmetric
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components representing spin. In the Einstein theory the tetrad postulate [2] of
differential geometry

Dog,* =0 (31)

is specialized to the metric compatibility condition [2] for a symmetric metric
D,g"" = D,g., =0 (32)

Finally the canonical energy-momentum tensor is symmetric in the Einstein limit

and is used in the well-known Noether Theorem [2]
D*T,, = 0. (33)

More generally T, is asymmetric in the Evans theory and therefore has an anti-
symmetric component representing canonical angular energy/angular momentum.

So the Einstein limit of the Evans unified field theory is a special case in which
the spinning of spacetime is not considered.

The Maxwell-Heaviside theory of the electromagnetic field is older than general
relativity and is conceptually a different theory in which the field is an abstract,
mathematical entity superimposed on flat or Minkowski spacetime. In general
relativity on the other hand the field is always non-Euclidean geometry itself and
so must be the frame of reference itself. General relativity is simpler (one concept,
the frame, instead of two concepts, field and frame) and is therefore the preferred
theory by Ockham’s Razor. The simplest way of thinking about this conceptual
jump is to think of a helix. In general relativity the helix is the spinning and
translating baseline, while in Maxwell-Heaviside theory the helix is the abstract field
superimposed on a static frame. If we restrict attention to three space dimensions,

the flat frame is the static Cartesian frame. In differential geometry the spinning
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and translating frame is the base manifold for the electromagnetic field, labelled
4, and the tangent bundle is described by a Minkowski spacetime labelled a. The

tetrad is defined for the electromagnetic field by

T . 7 —_ o
_______________ “ ey ¢ N

where V# is a vector in the base manifold, and where V* is a vector in the tangent

bundle. The tetrad is therefore the four-by-four invertible transformation matrix
[2] between base manifold and tangent bundle. The tetrad is therefore a geomet-
rical construct as required for general relativity. Circular polarization, discovered
experimentall by Arago in 1811, is described geometrically by elements of Af, from

Eq.(12), i.e. by the following complex-valued tetrad elements

AL = (A 1, /(2))e? (35)

AP = —i(A9)/(2))e”, (36)
where 6 is the electromagnetic phase. The complex conjugates of thes elements are

4, = (A0 /VE)e (37)

A, =i(A® //2)e (38)
Therefore these tetrad elements are individual components of the following vectors

e ({“’V\/ﬁ)u—ij)ew, w A
| (<)

A® = (%(0)/\/5)(1' +ij)e™, (40) H

representing a spinning and forward moving frame. This frame is multiplied)z/ LD

~__ =
A to give the generally covariant electromagnetic potential field. In 1992 it was
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inferred by Evans [22] that these vectors define the Evans spin field, B® | of

electromagnetism
= ~igAM x A®), (41)
where ¢ is defined by the wavenumber

K

9= 4O (42)

The Evans spin field is a fundamental spin invariant of general relativity and is
observed throught the fact [23] that circularly polarized electromagnetic radiation
of any frequency magnetizes any material. This reproducible and repeatable phe-
nomenon is known as the inverse Faraday effect.

In order to reach the Maxwell-Heaviside limit from the Evans field theory we

E 0 must make the above important conceptual adjustments and conader the limit

’ G \D QG —
N R*y, N af — L LN =0
Vyv ) —Riy—g—— (43)

\
\‘\(\\XA ﬂ% cbev e \DQ\G'A(( g kb"\'\o y
i.e the limit reached when there is i ; 4

time-spia defined by the following differential geometry

T® — Bl Bat (44)
)?A T =0, (45)
D Aw = 0. (46)

’9
ek ions gak X Fe
In this geometry thszRiemann or curvature form is zero so the second structure

YﬁfgﬁséL

relation (46) becomes a differential equation for the spin connection

dAw = —w AW. (47)

(3)*

ANEY

LAY

/q'

\
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This is therefore the underlying differential geometry that defines the pure, gener-
ally covariant, electromagnetic field if it has split away completely from the grav-
itational field during the course of billions of uyears of evolution. If there is any
residual influence of gravitation upon electromagnetism and vice-versa to be: fouﬁd
experimentally then both the curvature and sin forms are experimentally non-zero,
and the Evans unified field is described by the differential geometry of Section 2 -
the geometry of the primordial Evans field.

In general relativity, once we have found the geometry we understand the physics.

For pure electromagnetism the geometry translates into its field equations using

the Ansatz(12) to give

The electromagnetic field is thus always defined through the spin connection by

PDAA®* - ANA® + o v NA

Fo = = % - (51)

Generally covariant non-linear optics is therefore generated by expanding the

spin connection in terms of the tetrad or potential as follows

Wy A AP = —g AP A (AC + gecde 4T A 4 gPeclah AT A9 AR 1), (52)

L
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All observable non-linear optical phenomena are therefore phenomena of spinning
spacetime always describable by a well-defined spin connection. The Maxwell-

Heaviside theory is the weedefretd limit oxlinearlimi¢ described by
\__—/ .
Q
IR ¢*{\F = 0. (53

The Maxwell-Heaviside theory is further restricted by the fact that it implicitly
suppresses the index a, meaning that only one unwritten scalar component of the
tangent bundle spacetime is considered, and then only implicitly. In other words the
tangent bundle is ill-defined in the Maxwell-Heaviside fieldtheory. More generally,
in the Evans unified field theory, the are four physical components of the Minkowski
spacetime of the tangent bundle: ((ct,X,Y,Z)), (although ¢ can represent any
suitable set of basis elements such as unit vectors or Pauli matrices [2] in any
well- defined mathematical representation space of the physical tangent bundle

spacetime). Suppressing the index a gives the familiar equations

F=dAA, (54)

dnF=0 . (55)

These are the Maxwell Heaviside equations in differential geometric notation. The
second equation is a combination of the Gauss Law and the Faraday Law of induc-
tion. Therefore in order to construct a unified field theory with differential geometry
it is necessary to recognise that the Maxwell-Heaviside structure is incomplete.
The inference of the Evans spin field in 1992 [21] was the first step towards this
recognition of the incompleteness of the Maxwell-Heaviside theory, and therefore
towards this recognition of the incompleteness of the Maxwell- Heaviside theory,

and therefore towards the unified field theory long sought after by Einstein [1] and
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others. The Evans spin field is the torsion or spin form component defined by the

wedge product

= —igAM A AP (56)

The inference of B'® led to the development [5-20] of O(3) electrodynamics, in

which the field is defined by A (O (,\ (2)
@7.* ig ASLAPEAD—~ (57)
et cyclicum

and so O(3) electrodynamics is a special case of Eqns.(48) to (52). The Gauss and

Faraday Laws in O(3) electrodynamics are given by

b .
ANF* -Q“\,r\r\"—cf\o!\F =

~: (58)

Experimentally, it is found [5-20] that Eq.(58) must split into the particular solution

dAF®* =0, (59)
a b 2 FL O
Ry ARA -~ v N Q‘EA_E_”_;_Q-————- = (60)

These equations are obeyed by the circularly polarized electromagnetic potential

field described in Eqs.(39) and (40). Egs.(59) and (60) also imply

Ve B® =q, (61)

oB®
ot

=V xB® =0 (62)

for the Evans spin field. Therefore the latter does not give rise to Faraday induction
but gives rise to the magnetization observed in the inverse Faraday effect. Once
we recognise the existence of the index a the inverse Faraday effect and all of

non-linear optics follows logically. In the linear Maxwell-Heaviside theory these

L

e

SAw
(3)*

(3

r

an A

O

(3)#*
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non-linear optical effects have to be described [5-20] with additional ad hoc and non-
linear constitutive relations which are obviously extraneous to the original linear
Maxwell-Heaviside structure. This original linear structure was inferred in ithe
nineteenth century, long before the advent of non-linear optics. The latte;f never
became available to Finstein, who never realized its significance to unified field
theory. All sectors of a generally covariant unified field theory must be non-linear,
because geometry is non-linear. Self consistently therefore, the linear Maxwell-
Heaviside structure can be obtained only if the spin connection vanishes, in which
case spacetime becomes the Minkowski spacetime of special relativity. The frame
covariance of the latter was first inferred (circa 1900-1904) by Poincare/and Lorentz.
Only later, in 1905, did Einstein finally extend the concept of special relativity to
all of physics from electromagnetism.

The Evans unified field theory is therefore much more powerful than the earlier
Maxwell-Heaviside field theory, being a generally covariant theory of all radiated
and matter fields. One example out of many possible examples is given to end this
section, the description of the class of all Aharonov-Bohm effects [5-20] for all fields.
This class of phenomena can be defined within the context of Evans’ field whe
is zero but the potential A® is non-zero. For the electromagnetic sector this means

that

dAA® = —w, A AP (63)

F* =, (64)

P Nk (AL
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and for the gravitational sector it means that

dAg* = —o"5/WET, (65)

R*, =0. (66)

The potential field A® of electromagnetism for example can interact with matter
fields such as electrons when F¢ is zero. The first experimental evidence for this
inference was given /é Chambers using a static magnetic field, but the Evans unified
field theory shows that there is also an optical or electromagnetic Aharonov-Bohm
effect [5-20] and also a gravitational Aharonov-Bohm effect. The latter has been
observed precisely but the electromagnetic Aharonov-Bohm effect has not been
observed experimentally yet. However the theory of the latter effect has been given
in considerable detail [5-20] and has major technological consequences if observed.
The class of Aharonov-Bohm effects is therefore explained straightfo\%wardly as
spacetime phenomena in experimental situations when F? or 7 is zerowen
q° is non-zero. It is also possible to explain then when R%; is zero and when the
spin connection is non-zero. This will be the subject of a future paper. They are

simply the consequence of geometry in general relativity.

4. CONSEQUENCES FOR EVOLUTIONARY THEORY AND NEW

Before proceeding to a discussion of the implications of the Evans unified field

theory we note the generally covariant wave equation

DA(DAF®) = R% A F® (67)

_cQa\of\F\/
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which can be derived from the two Bianchi identities written as
DA(DAg*) :=(DAw) A, (68)
DA(DAW) =0 ‘ &9)
Using the Ansatz(12) Eqs.(68) and (69) become
DA (DA A% = (D Aw®y) A AP, (70)
DA (DAW%) :=0. (71)
Differentiating the right hand side of Eq.(68) and using the Leibnitz theorem [2]
DA((DAw*)Ag"):=(DAw)A(DAG) (72)
Using Eq.(16), Eq.(72) becomes
DA((DAw®)AQ®) := R*, AT® (73)
Use Eq.(17) in Eq.(73) to give
DA(DAT®) := R AT®, (74)

which using the Ansatz(12) translates into Eq.(67). Using the latter the condition
for independent fields (no mutual interaction of gravitation and electromagnetism)
becomes

DA(DAF®) :=R*%AFb =0 (75)

which means that the fields are independent when the wedge product of the Rie-
mann tensor and electromagnetic field tensor vanishes. Conversely if this wedge
product is non- zero the fields can influence each other. This influence, if found to

be non-zero experimentally with precise, well- designedexperiments, implies major
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new technology as discussed briefly already. This type of technology is governed in
general by Eq.(67) which is a wave equation or quantum equation with the field F@
as eigenfunction or wave-function and the field R?, as eigenvalues or or quant}im
values. There new technologies would therefore depend on the fact that thé quan-
tum values of F® are R%, within a factor A(®). In other words it would depend on
a generally covariant quantum mechanics of the unified Evans field.

Using the tetrad postulate [2]

Buay® + wi = T3 (76)

the torsion form becomes the equivalent torsion tensor (see Appendix One)
Ty, = (Th, — T2.)45 (77)
4gTa =T, - (78)
Therefore, using the Ansatz(12) the magnetic field is defined by
BS, =T A3 (79)

and it becomes particularly clear from Eq.(79) that spacetime spinning gives rise
to electromagnetism.

The Maxwell-Heaviside limit has the inathematical structure
BY = v x AW (80)
where A1) is given by Eq.(39). So the magnetic field from Eqgs.(39) and (80) is

—

— (41 + j)e®, (81)

I
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and is the limit of Eq.(79) when the spin connection vanishes. Taking components

of Egs.(39) and (81)

iB©)
B(l) _ _B(l) — *B(l) _ B(l) _ ¢ eu‘)7 .. (82
T 1 2: 32 \/§ ( )

B
B = —B{" = —B{Y = B = Z_ 83
Y 2 31 13 2 (83)
Therefore simple algebra gives

;B0 — A1 _ o2 c
1B = AYW(Tyy — iT3,). (85)

As in any paradigm shift Eq.(85) gives new insight into known things. Eq.(85) shows
that the Maxwell-Heaviside field theory defines the magnetic field as a complex
sum of torsion tensor components. From Eq.(85) In the Maxwell-Heaviside limit

we know however that {5-20]

B® = £A® (86)

where

KR =

- (87)

Here w is the angular frequency and c the speed of light. From Eqgs.(86) and (87)

therefore
k=T + 1T, (88)

a result which traces the origin of wave-number in the Maxwell-Heaviside limit to
a complex sum of scalar-valued torsion tensor components.

It is then possible to define the scalar curvature in the Maxwell-Heaviside limit

R=rkK" = (T322)2 - (Talz)z’ (89)



THE SPINNING AND CURVING OF SPACETIME 21
a result which illustrates the fact that we are now thinking of the electromagnetic
field as a spinning of spacetime, and not as an abstract mathematical field superim-
posed on a static frame of reference in Minkowski (flat) spacetime. In flat spacetime
initially parallel lines remain parallel, in spinning spacetime they become ge.édesiCS
[2] of the electromagnetic field. The dielectric permitivity and the absorption co-
efficient [24] are defined in terms of a comnplex wave number, so these fundamental
spectroscopic properties are traced to a Principle of Least Time in optics. The

Evans Principle asserts that in the imit of Minkowski spacetime

2 2mme
K — 7\; = (90)

N, closo
o — \«Y kéxr

where

+ermbdag is the Compton wavelength of any particle of mass m, including the photon.
Therefore mass is also identified as having a geometrical origin, a least or minimized
curvature in the Minkowski limit. Indeed, we see from Egs.(89) and (91) that within

a factor (27ih), mass is a torsion element for any matter field or radiated field.

2mmce (91) ’r

h 32

\éTherefore the origin of all fundamental physical concepts in the Evans uniﬁedl

field theory is differential geometry. Recently Pinter [25], in a remarkable multi-

disciplinary work, has extened this basic insight to mfre in a rigorously logical \.h %ZJ

sequence of arguments that the origin of life is also differential geometry. Live or-

ganisms are extensions of general relativity itself and have evolved to their present

condition throuh a sequence of transitions brought about by the theory of gen-

eral relativity. The laws of physics, chemistry, biology, geology and genetics, for

example, are the laws of differential geometry. Within the context of the Evans
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unified field theory it is now recognized that electromagnetism as well as gravi-
tation, originates in differential geometry, i.e. in the primordia or unified Evans
field. Electromagnetism and gravitation are two parts of the same thing, and bpth
are essential for the evolution of life. This inference justifies the fundameﬁfal and
closely argued hypothesis used by Pinter [25], that gravitational effects evolve into
effects driven by electrodynamics, for example photosynthesis in the early planet
Earth. In the older Maxwell-Heaviside field theory electrodynamics appears “out
of the blue” but in the Evans unified field theory its origin is the same as that of
gravitation. Similarly the origin of the weak and strong fields is also differential ge-
ometry in the Evans unified field theory. There are no longer any abstract internal
gauge spaces or strings in nature.

The technological implications of the Evans field theory depend on its inference
that one type of field may affect another, as briefly discussed already. If it were
possible to obtain electromagnetic power from spacetime curved, for example, by
the Earth’s mass or by the mass of an electron in a circuit, the problem of burning
fossil fuel would be obviated. Conversely, if it were possible for electromagnetic
devices to counter or enhance the gravitational force, great technological strides
wold be made in any future aerospace industry. The Evans unified field theory
shows that this is indeed possible but very careful, very precise experiinents are
needed to measure the extent of the interaction (if any) between the sectors of the

Evans field.
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AppPeENDIX A. THE FIRST MAURER-CARTAN STRUCTURE

RELATION.

The first structure relation [2] defines the torsion or spin form as the exterior

covariant derivative of the tetrad form

Tp, = (DA G = (dAq*)u + Wity — windy (92)

where w?®, is the spin connection. The torsion tensor is therefore

T, = @Th, (93)
and using the tetrad postulate in
T}, = 42(8ugs — Bugp +winah — wiyah) (94)
we obtain
T), =T), -T7,. (95)

This is an expression for the torsion tensor in terms of the gamma connection of

any symmetry. If the gamma connection is the symmetric Christoffel symbol
T\ Tou (96)

the the torsion tensor vanishes.

=
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AprpENDIX B. THE SECOND MAURER-CARTAN STRUCTURE

RELATION.

The second structure relation defines the Riemann or curvature form as ‘the

exterior covariant derivative of the spin connection, regarded as a one-form

R* = DAwW% (97)

ie.

pb ~ Wiy (98)

Rabu# = ,,wzb - aywzb + wzcw
Tt is proven in this appendix that the second structure relation is equivalent to the

definition of the Riemann tensor for a gamma connection of any symmetry.

The proof starts with the tetrad postulate expressed as

. wip = q.‘fq— (99)
T
——

Multiplying both sides of Eq.(BQ by ¢4 and using

g5 =1 (100y
the tetrad postulate can be expressed as
8,03 = aSTx — Bwi- (101)
(G\C\ Differentiating Eq.TBﬁ and using the Leibnitz Theorem
Oy = BV(ngg‘FZA) - 6!/(‘]13‘6#‘1‘)1\)

= 8,(q50)T5x + 4595 8.T0x — (804)(Buaf) — 45 (BuBu(aR)) (102)

Now use the Leibnitz Theorem again

3 (aha3) = 920.9 + 456,45 (103)
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Switching the £ and v indices gives

Bwiy = QwiBudi + T or8ugs + G q28,T5,

which implies

avwsb ~ Ouwpy = qg(“’Zbavqg‘ - wsbau‘h;\)

+ qg‘ (FZ,\aqu ~T7,8.97)

o

LT,

— g5 (8,0,(q3)) (104)

R ACEACH)) (106)

+4005(8, Ty ~ 8,T7,)  (107)

because

(8,0u — 8,8,)q5 = 0.

In order to evaluate the Riemann form
a a
Wy — aﬂwub +wy,w

a —
bvp —

we need

Wi = Qﬁ Px — 95 0uds
= Q@Z,\/—; a5
wip = qr Qb 2,45

(108)
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It is then possible to evaluate products such as

Ao, Lo Nau‘“‘* W9 :

les

op = QZq (114) R Qa
In order to evaluate Eq.TB3Q) first rearrange dummy indices in Eq.(BY8) as follows
(\\\x L_,_ ( 15 G\>

A ~
a2 qhaqiTh Ty

oo

1o )
b ””’vaw\\
A/ c ’ﬁx(}gq (115) 0\/ A

q/\
TS e s
T, I /’t 7 /A)\

vpt puA

q295q,

Secondly cancel the term QI;\FZ,\ 8,q2 in Eq.(B® with the term — (g aqu)(q,;\qﬁl’;:/\)
’—-// .

(\“’\ / in Eq.(B¥8) by rearranging dummy indices as follows
DN )} P/‘* ()
ARG — % VAV D )
/» o\/ C /»
L (A=)
AT AN T, 8,.9%
<\\:’> a> 9. 9 uA vqs
1l (v—o)

(116)

—quéq?,FZAauq;‘ = —q,’,\I’Zl\a.,qf;.

Finally cancel the term —qjw?,8,g; in Eq.(B¥) with the term 723 (0,9%)(8,45)

(\o" . —
in Eq.B18. To do this rewrite the Eq.(B38) term a.i]g\q,’,\auqf\(a,,qj —¢aTy,) and §

use the tetrad postulate /
7
-~ 8,05 = Tl — Al (117)

[y el o

(1Wa)




THE SPINNING AND CURVING OF SPACETIME

to obtain
—42qp BwipBug5 = —q2wipBuds.
We therefore obtain
b by by hy hY
—QwiOudy ~ (—qewip0,.q3) = —wpp(q50uas + 92 9,45)
In order to show that this is zero, use
ga5 =1
and differentiate
8u(q2q5) = 0.
Finally use the Leibnitz Theorem to obtain
928,45 + 450,92 = 0.

The remaining terms give the Riemann tensor for any gamma connection

R}, =87, -8l +Tg, %, —T% I

oViL v vp BT VA

quod erat demonstrandum.
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(118)

(119)

(120)

(121)

(122j

(123)

The first Bianchi identity of differential geometry is a balance of spin and cur-

vature

DAT* :=R%Agb

(124)

and becomes the homogeneoous field equation of the Evans unified field theory

DAhyzR%AAb

(125)
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using the Evans Ansatz
Al = A(U)qa (126)

So it is important to thoroughly understand the structure and meaning of the first
Bianchi identity as in this Appendix. In order to proceed we need the following gen-
eral definitions {2] of the exterior derivative and wedge product for any differential

form

(d A A)“l-~-“p+l = (P + 1)8[u1AM2««-Mp+Aj (127)
(p+9)
(A A B)I—‘-l---l—"p+q = pyq] A[ﬂl--«l—‘rlBIlv+l«~~I‘p+q] (128)

E‘Q defines the exterior derivative of a p-form and and Eq.(&3) defines the
wedge product of a p-form and a g-form. We also use the fact that the spin
connection is a one-form [2]. The exésiar covariant derivative of a one-form X7, for

example, then follows as

(DAX)g, = (@AX)5 + (WA X)L (129)

where
(dA X)), = 04X, \- 0.X,, (130)
WA X)L, =wh XE — i X} (131)

Eqgs.(C7) and (CB) follow using

p=1,9g=1p1 = pmjps = v (132)

(12§

2« oqer
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and

(@A Ay = (dA Ay = 20,4, = 8 Ay — B, A, (133)

2! o
(AAB)uyonyiy 9 (AB) )= TiAwBy = AuBy — A, B, (134)

Now extend this method to the exterior covariant derivative of a two-form, using

A {\ R /7\([17 Ell)ﬂlﬂzﬂa = 36[[11‘4#2[13] = auAup + 6uApI_‘ + 6ﬂAuy (]35)

and

3!
(AN B)umws = mA[mBuzua] = 3A[MBVP] = AuByp+ AvBy, + ApByy (136)

Therefore the exterior covariant derivative of the torsion or spin form used in the

first Bianchi identity is

(DAT) gy, =@AT),,, +(wAT),,, (137)
where
(dAT),, = 0.T;,+8,T,, +8,T,, (138)
(WAT),, =wiTh, + Wi Ty +winTh,, (139)
and where
Ty = (Thy — 10,003 (140).
Similarly

REA G = R%u ) + R%pqh + R%pual
p

=R, + RS, + RS, = (RS, + RS

uvp vpp puv prp vou t RZuv)qg (141)
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So the first Bianchi identity becomes

8T8, +wiTe, + - = RS
" -
ka\l . (\\k°

uupQ3 + (142)
R SR
Using Bet6+A, Eq.(CT8%becomes T gl
(T3, —T5)a3) + win(To, = Th)a3) + - = Ry} + -+ (143)
Using the Leibnitz Theorem Eq.(m\.—/’/é
(aﬂ«rl/)p -9, Fpu)q/\ aﬂq/\ +w qu\)(r F/\ ) = R;)upqi + -
Now use the tetrad postulate

(144)

Buds + winds = Thods
in Eq.(C21) to obtain

(145)
_l._
8,3,

-8, ,+T,T¢

A ,\
woel oo Toal A0 T

-8,T5,+T3,T9,

A /\ A A o
oLouToe L0400, — 0,1, +T5, T~ T f:=
(146)
The Riemann tensor for any connection(Appendix two) is
,\
ﬂl“’ =4,I';

-8,T), +T2, T2

/

2o Tg, —T0,T5 (147)
(G4 is an identity made up of the cyclic sum of three Riemann tensors
on either side. The familiar Bianchi identy of the famoous Einstein gravitational
\
\ theory is the em special case when the cyclic sum vanishes
i
.
( \\ ) \
\

194
' | (oyied 1\3
R;;w + R;\“,p + Ripu :
Yewe
\ ‘ . .
symbol

(148) fﬁ“/
Eq.(C25) is ¢r= if and only if the gamma connection is the symmetric Christoffel

ages D
r), =T, o
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It is not at all clear using tensor notation(Eq.(€28Y) that the first Bianchi identity
is a balance of spin and curvature. In order to see this we need the differential form

T
/ " notation of Eq.(GLLand this is of key importance for the development of the Evans

unifieid field theory.

(1w

THE SECOND BIANCHI IDENTITY.

The second Bianchi identity is
DARYW=dAR +w' ARG +uws AR :=0 (150)

Using the results of Appendix Three we may write out Eqﬂ‘ﬁ.{) in tensor notation

where

et cyclicum

Now use: e
Rabuu aap,u- (153)

The Leibnitz Theorem and tetrad postulate give the result

DyRy,, = DplggRgy) = a5 DpBg (154)
which implies
D,R;,, + DuR;,,+ DuRg,, :=0. (155)
Now use
Rgu = GRS, (156)

AL DX BewR : THE S Cewd
Bupe it AR (T
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The Leibnitz Theorem and tetrad postulate are used again to find
DPR;;W + DuR;up + DVRzpu =0 (157)

which is the second Bianchi identity in tensor notation for any gamma conneétioh,
quod erat demonstrandum.

The second Bianchi identity is true for any gamma connection because it is
equivalent to

P [Drteos [Dys Dull + (Do 1Dy, D] + (D Dy, D] = 0 (158)

\ﬁ\__//
" — —
and Eq.(’D@.ca? be synnaruzed-stmbolicallyas a round trip with covariant deriva-

/ tives a{gpﬂﬁibei__/ Cumnan 224 S\—S/)\& u‘ ULG“)

-
\\S% /T he second Bianchi identity is the geometrical foundation for the conservation
e

/

/ law of the Evans unified field theory

e e e

/ DAT®, :=0. (159)

.
\
/

Eq.(D¥Q).is the required generalization of the Noether Theorem for the unified field

/ theory. The second Bianchi identity is also the foundation for the generalization of ( <
// the Einstein field equation in the Evans unified field theory
/ R%, = kT, (160)
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