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Abstract

Evans developed a classical unified field theory of graeitatind elec-
tromagnetism on the background of a spacetime obeying adfierGartan
geometry. This geometry can be characterized by an orthmadaroframe
9¥* and a (metric compatible) Lorentz connectiot’. These two potentials
yield the field strengths torsidA® and curvature?®®. Evans tried to infuse
electromagnetic properties into this geometrical franmbway putting the
coframed® to be proportional to four extended electromagnetic patent
A%; these are assumed to encompass the conventional Maxwedliantial
Ain a suitable limit. The viable Einstein-Cartan(-Sciamiii{e) theory of
gravity was adopted by Evans to describe the gravitaticeetbs of his the-
ory. Including also the results of an accompanying paper bykBov and
the author, we show that Evans’ ansatz for electromagndassmmtenable
beyond repair both from a geometrical as well as from a playgioint of
view. As a consequence, his unified theory is obsolete.
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1 Introduction

One of the problems in evaluating Evans’ unified field thesrhat its content is
spread over hundreds of pages in articles and books of EvahBis associates.
There is no single paper in which the fundamentals of Evdredry are formu-
lated in a concise and complete way. Nevertheless, we canBa#ns’ papers
[23, 24], which subsume also work done earlier, as a stapiiigt. Now and then,
when additional information is required, we will use othebfications of Evans
and collaborators, too [19, 25-28]. We will try to put the diamental equations
of Evans’ theory in a way as condensed as possible; in factyilveome up with
the nine equations from (78) to (86) that characterize Evthesry. Incidentally,
we came across Evans’ unified field theory in the context ofexeeing process.
And in the present paper, we will formulate our assessmestmsiderable detail.

We use, as Evans does in [24], the calculus of exterior @iffeéal forms. A
translation for Evans’ notation into ours is given in Tabléat the end of the
Introduction).

The evaluation of Evans’ theory is made more demanding digarticles
contain many mathematical mistakes and inconsistenaéssabeen amply shown
by Bruhn [2-10] and Rodrigues et al. [18, 58]. Let me jussithate this point with
two new examples. | take Evans’ “Einstein equation” in [24pp.4, Eq.(11),
namely Ry = kT2. According to Evans’ definition [24], Eq.(16), the left hand
side represents the curvature 2-form in a Riemann-Cartamegy (i.e.,R*° =
—RP*) and the right hand side is proportional to the componentisetanonical
energy-momentum tensdi’. Clearly, this equation is incorrect since a 2-form
Ry = R, dx* Adz” /2 with its 36 components cannot be equated to the 16 com-
ponent of a second rank tensor. If we generously interprBfeds Ricci tensor,
even though Evans denotes the Ricci tensor alwayg,asthe equation would be
wrong, too. A second example, we can find nearby: In [24], Apid.(10),
Evans claims that the energy-momentum of his generalizedt&n equation
obeysD AT = 0. Itis well-known, however, that in a spacetime with torsion
there can be no zero on the right-hand-side, rather torsidicarvature dependent
terms must enter, see [35], EQ.(3.12). Similar examplededound easily.

One may argue, as | will do in future, that a scientist edutate chemist
may have a great idea in physics even if the mathematicailslefahis articles
are not quite sound. Accordingly, | sometimes followed ndidghat subclass of
Evans’ formulas that deemed correct to me, but also his groseder to under-
stand Evans’ underlying “philosophy”.

It is clear from [24] that the 4-dimensional spacetime in ethEvans’ the-
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ory takes place obeys a Riemann-Cartan geometry (RC-gepnigh] or, in the
words of Evans, a “Cartan-geometry”. We decided to take Vi@vains calls an
antisymmetric part of the metrig®® := 9~ A 92 (herey® is the coframe of the
RC-spacetime) not seriously as a part of the metric, seerBJftjrfor a detailed
investigation. The quantit§*’ = —95« is an antisymmetric tensor-valued 2-form
with 36 independent components and it is a respectable ity dnit it certainly
cannot feature as a metric. Since Evans very often claimse@RC-geometry,
we take his word for it. Then, an asymmetric metric is rulet! @ne cannot have
both, RC-geometry and an asymmetric metric. Both are miytaatlusive.

In a RC-geometry, a linear connectibnand a metricgy with Minkowskian
signature+ — — —) are prescribed, furthermore metric compatibility is reqdi
This guarantees tha¢ngths and angleare integrable in RC-geometry. Evans
arrives at a RC-geometry by means of what he calls the “tqicetdulate”, see
[24], EQgs.(32) and (33), and Rodrigues et al. [58].

In Sec.2 we will display the geometric properties of a RCrgetry in the 4-
dimensional spacetime in quite some detail. In particwlardefine torsion and
curvature and decompose torsion irreducibly under the lomaentz group. We
introduce the contortion and the Ricci 1-forms and the duneescalar. Moreover,
the two Bianchi identities are displayed and two irreduipileces projected out
leading to the Cartan and Einstein 3-forms. The Ricci idgntill be mentioned
shortly.

In Sec.3 we will take Evans’ ansatz relating the cofraifido a generalized
electromagnetic potentiad® according ted* = aq 9%, whereq, is a scalar factor

of the dimensiomagnetic flux /lengti: Wb/m = Vs/m, see Evans and Eckardt
[28], p.2. We will point out that in this way one finds four Lote-vector valued 1-
forms or, in other words, extended electromagngtiy 1, 3)-covariant potentials
A with 16 components, in contrast to what Evans finds, nar@éB)-covariant
potentials. Then the extended electromagnetic field stineAg is defined and the
generalized Maxwell equations displayed and discussed.

In Sec.4 we show that Evans just adopted the viable Ein§taitan theory
(EC-theory) of gravity for his purpose literally. His geagzed Einsteinian field
equation is the same as the first field equation of EC-theosya Aonsequence
of the angular momentum law, Evans also used the second §jektien of EC-
theory, even though he used it only in words in identifyingsion with the spin of
matter. Then we display the energy-momentum and angularantum laws. It is
pointed out that the so-called Evans wave equation for tiraim@J“ is aredun-
dantstructure since the dynamics @f is already controlled by the generalized



Notion Evans here
coframe q* = qida* VY = e;dz’
connection wy = whdt r,? =r,,%ds
torsion T = 3 T4, da* A da” T = $ T;;*da’ A dad
curvature Ry = § Ry, da Ndx” | R’ = 5 Rijo da' A da?
Ricci tensor/1-form R, Ric, = eg| R,” = Ricg,0”
Evans’ elmg. potential A° A
Evans’ elmg. constant A©) ao
Evans’ elmg. field strength Fe Fe
Evans’ hom. current Jv T
Evans’ inh. current JY oh
can. energy-mom. density T Yo = ToPnp
spin ang. mom. density ? Tap = Gap™ 1y
Hodge duality pa e

Table 1: Translation of Evans’ notation into ours. Note that= *J,. In Evans’
work, 7;? is also sometimes used as symmetric energy-momentum tensor

Einstein equation together with the Cartan equation.

In Sec.5 we collect the fundamental equations of Evans’rthaothe nine
equations from (78) to (86). We will explain what exactly wal &vans’ unified
field theory. In an accompanying paper by Obukhov and theocay#i], we
propose a new variational principle for Evans’ theory aniMgghe corresponding
field equations of Evans’ theory. It turns out that for all plval cases we can
derive the vanishing of torsion and thus the collapse of EVidreory to Einstein’s
ordinary field equation. We discuss our findings, includimgitesults of [41], and
summarize our objections against Evans’ unified theory.

A few historical remarks may be in order. Cartan himself cediin a letter
to Einstein, see [17], page 7, that one irreducible pieceheftorsion? “has
precisely all the mathematical characteristics of thetedezagnetic potential”; it



is apparently the vector pie@&®,.. that he determined earlier, between 1923 and
1925, in[14]. Thus he discuss&(.. ~ A, whereA is the potential of Maxwellian
electrodynamics. Note that this assumption is totallyedéht from Evans’ ansatz
9 ~ A% Moreover, Cartan dishot develop a corresponding electromagnetic
theory. In fact, in the same papers [14], he linked, withiroasistent theoretical
framework, torsion to the spin of matter. He laid the grouadwto what we
call nowadays the EC-theory of gravity [1, 35, 68]. This exids the mentioned
identification of a piece of the torsion with the electromeiimpotential.

Later Eyraud [29] and Infeld [45] and, more recently, Hodd][tried to link
torsion to the electromagnetic field. But these attemptdedid to nowhere. For
more details, one may consult Tonnelat [66] and Goenner [31]

2 Geometry: Riemann-Cartan geometry of space-
time

2.1 Defining RC-geometry

We assume a 4-dimensional differential manifold. At eachtpdhe basis of
the tangent space are the four linearly independestorse, = ¢',0;, here
a,f,... = 0,1,2,3, the (anholonomic) tetrad indices, number the vectors and
1,7, k,... = 0,1,2, 3, the (holonomic) coordinate indices, denote the companent
of the respective vectors. The basis of the cotangent sjgasgan by the four
linearly independentovectorsor 1-formsd’ = e;”dxz? . The bases of vectors
and covectors are dual to each other. Consequently, wediawg’ = ¢° and
e's ejﬂ = 5; We call collectively thes,’s and they”’s alsotetrads We follow the
convention$ specified in [37].

On our manifold we impose eonnectionl-formI',? = I';,”dx* that allows
us to define the parallel transport of quantities. Accorlyinge have acovariant
exterior derivativeoperatorD := d+1',” f*5, wheref®; represents the behavior
of the quantity under linear transformations. AdditiogalVe impose a symmetric

L We build from the coframe)® by exterior multiplication and by applying the Hodge
star the following expressionsy®? = 9> A 98, 987 = 9B A 97, etc; n =
*1 (volume 4-form) n® :=*9*>, n*f .= *Y*P  etc., see [37, 38]. We denote antisymmetriza-
tion by brackets$ij] = (ij — j7)/2 and symmetrization by parenthesési) = (ij + ji)/2. Anal-
ogously for more indices, as, e.g., fofk], where we hav@jk| = (ijk — jik + jki—+---)/3!,
see Schouten [60, 61].



metricg = g,;; dz* ® da?, with g;; = g;;,. Referred to a tetrad, we haygs =

€ia6jﬁ g”
Metric and connection are postulated to be metric compatibht is, the non-
metricity 1-formQ).s := —Dy,z iS postulated to vanisiQ,s = 0. This guaran-

tees that lengths and angles are constant under paralisptet. In accordance
with this fact, it is convenient to choose the tetrads tmlkonormalonce and
for all. Then,g,s = diag+1,—1,—1,—1) =: 0,3, Whereo,z is the Minkowski
metric. If we raise thex-index of the connection, thefi®® = —I'%®, This is
known as the Lorentz (or spin) connection, since the indicasd 5 transform
locally under the Lorentz groufO(1, 3). Hence, the variable$® andI'®”, i.e.,
coframe and Lorentz connection, specify the geometry cetaiyl

In the subsequent section, we need to discuss the trangfompaoperties
of the coframey. Under a coordinate transformation, it behaves like a for
in componentsg;* = 2% ¢;*. Under local SO(1,3) Lorentz rotations;”, it
transforms as a Lorentz vectét’ = Aﬁa' 9P, The spatial rotation grou@(3) is
a subgroup o6 O(1, 3). But the Lorentz group includes also the boosts. In other
words, whereas a spati@l(3)-rotation of¥“ is an allowed procedure, the theory
is only locally Lorentz covariant — and thus takes place inGxgeometry — if
the coframej® transforms under the complet® (1, 3). If a theory admitted only
anO(3) transformation, then it would violate Lorentz invariance.

The geometry defined so far is called a RC-geometry. It is elsar from
the statements dEvansthat he usegxactly the same geometryhus, we have
a secure platform for our evaluation. In four dimensions;g&@metry was first
used in the viable Einstein-Cartan(-Sciama-Kibble) tleafr gravity, for short
EC-theory [34, 35,49, 62,63, 67, 68].

2.2 Torsion and curvature

From our variable)> andl’,?, we can extract two Lorentz tensors, thesionand
thecurvature2-forms, respectively:

T = D9* =dv* +T5*AND°, (1)
R, = dI',’ =T, AT . (2)
In RC-geometry, we have, because of the metric compatipilit’ = —I'*, and

thus, R*? = —RP, In four dimensions, torsion and curvature have 24 and 36
independent components, respectively.



If one applies a Cartan displacement (rolling without glghi around an in-
finitesimal loop in the manifold, thetorsionis related to théranslationalmisfit
and the curvature to the rotational misfit; a discussion @fobnd in [15], see
also Sharpe [65], our book [38], Sec.C.1.6, and the recditieanf Wise [70].
Alternatively, one may build up an infinitesimal paralletam, then thdransla-
tional closure failure is proportional to the torsiohis is important: Geometri-
cally, from the point of view of RC-geometry, torsion hashiog to do with spin,
but rather with translations. It is for this reason that immscan be understood
as the field strength of a translational gauge theory, seevaid [32]. Conse-
guently, when Evans treats torsion and spin (Spin of mattepi of gravity?
Spin of electromagnetism?) synonymously, as he does irf blsarticles on his
theory? then this can only be understood as an additiaiyalamical assumption
that is independent from the RC-geometry of the underlypagrstime. We will
see further down in detail that this is, indeed, the case.

The torsion 2-form7™™ can be contracted by, | to a covectore, |7“ and
multiplied by, to yield a 3-form, A T“ or, using the Hodge star, to a covector
with twist * (9, A T*). These expressions correspond to the vector and the axial
vector pieces of the torsion. More formally, we can decoregbs torsion tensor
irreducibly under the local Lorentz into three pieces:

T = W7o 4 A7 4 @pe, 3)

The second and the third pieces correspond to the mentieeetdr and axial
vectorpieces, respectively,

Qo . %ﬁa/\(engﬁ), ()
OTe = 26|95 AT, ©)

whereas the first piece can be computed by using (3).

For a comparison with Riemannian geoemtry, it is often corer to de-
compose the connection 1-form into a Riemannian part, @éenoy a tilde, and a
tensorial post-Riemannian part according to

Faﬁ - faﬁ - Kaﬁ . (6)

2 “There are two fundamental differential forms...that tibge describe any spacetime, the
torsion or spin form and Riemann or curvature form.” See B\ad], p.434. Just by the choice of
Evans’ language, torsion is always identified with spin. \Mereot told what sort of spin we have
to think of. In Sec.4 we will see that it has to be the total giall matter and the electromagnetic
field, with exception of gravity.




In RC-geometry, theék,,” can be derived by evaluatinBg,s = 0. We find the
contortion1-form as [37]

1
Kag = QG[QJTQ} - 5 6aJ 65J (T.y AN 197) = —Kﬁa. (7)

Resolved with respect to the torsion, we hdve= K5 A 9°.
The curvature 2-form yields, by contraction, the Ricci 1rfo

Ric, = es) Ro” = Ricga 9 = Ry 10", 8)

In a RC-geometry, the components of the Ricci 1-form are asgtric in general:
Ric,s # Ricg,. By transvection with the metric, we find the curvature scala

R:= ¢ Ric,s = go‘ﬁeaj Ricg = eq|es] R = —eq ] [65J *(*Raﬁ)} . (9)

After some algebra, see [38], p.338, we find for the curvaseedar, withn,; =
* (Yo N Ug), the following:

R=es]es] R = *(nas AR . (10)

The expression under the star can be taken as a Lagrangaam4f the gravita-
tional field.

The curvature 2-form can be decomposed into 6 differentegsiesee [37].
Among them, we find the symmetric tracefree Ricci tensorctimgature scalar,
and the antisymmetric piece of the Ricci tensor.

2.3 Bianchi identities

If we differentiate (1) and (2), we find the two Bianchi ideigs for torsion and
curvature, respectively:

DT = Rz™AV7, (11)
DR,)” = 0. (12)

Incidentally, Evans agrees that he and we use the same R@eggd

SM.W. Evans states in his internet blog http://www.atomégpsion.com/blog/2006/12/08/
endorsement-of-ece-by-the-profession/ the followinghé two Cartan structure equations, two
Bianchi identities and tetrad postulate used by Carrolhltd@d myself are the same.” See, how-
ever, a note of Bruhn [8] on some mistake in the corresponingiderations of Evans.
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Both Bianchi identities can be decomposed irreducibly utitkelocal Lorentz
group into 3 and 4 irreducible pieces, respectively; foadetsee [36, 37, 53]. We
remind ourselves of the 1-form,s, = *(J. A ¥g A ¥J,), where the star denotes
the Hodge operator. Then, by exterior multiplication of Bi@nchi identities with
this 1-form, we can extract from (11) an irreducible piecéhws independent
components,

DT Aiyag = Rs" AND° Atyag (13)
and from (12) one with 4 independent components,
DR Angye = 0. (14)
We define theCartanand theEinstein3-forms,
Cos = 5 7as AT, (15)
G = 5o AR, (16)

respectively. Now we shift in (13,14) by partial integratithe 1-formm,s, under
D. After some algebra, we find,

DC.5 = —M[a N RiC@} , a7
1

DGa = 5 Magns ROYATY. (18)
Thus, the Cartan 3-forr,,3 and the Einstein 3-forrd/,, are important quantities
since they appear in the two contracted Bianchi identitig$ &énd (18) under the
differentiation symbol.

Using (16) and the formuldy, A G5 = 1. A Ricg, EQ.(17) can be rewritten

in terms ofG,. Thus, finally we have for the two contracted Bianchi ideesit
see also [54, 55],

DCop + 19[04 A Gm = 0, (29
1
DG, = 5 lasys RO ANT? (20)

We will come back to thesé + 4 independent equations below. Note that (20)
is only valid in four dimensions. Ithreedimensions — theld/, is a 2-form —
the term on the right-hand-side of (20) vanishage [36], that isDG,, = 0 (for
a=1,23).

4 E. Cartan [12, 13] worked very intuitively. One of his goaisinalyzing Einstein’s theory was
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2.4 Ricciidentity

If we differentiate covariantly the vector-valugeform U<, we find, because of
the Poincaré lemméd = 0, the Ricci identity

DDVU® = Rg* NP (21)
This is particularly true for the coframe,
DDVY* = Rg* NY”. (22)

Evans is calling the Ricci identity (22) simply “Evans’ leraim see [25], p.464.
However, he made a calculational mistake and found for tipetshand-side of
(22) effectively the expressioR *9°, instead of the corredt;™ A 7.

3 Electromagnetism: Evans’ ansatz for extended elec-
tromagnetism

3.1 Evans’ ansatz

Up to now, everything is quite conventional. The RC-geogettich Evans is
using, has been introduced earlier in gauge theories ofitgramd is well un-

derstood, see [33]. However, in the electromagnetic seEians has a highly
unconventional ad hoc ansatz. He assumes the existencecatended electro-
magnetic potentiad® that is proportional to the cofram#',

A% = ap U or Aia = Qg ei“ , (23)

see Evans [24], Eq.(12). Herg denotes a scalar constant of dimensiay =
magnetic flux/lengthif has supposedly to be fixed by experiment.

to get a geometrical understanding of the Einsteisor that is, to get hold of the Einstein tensor
without using analytical calculations. He achieved thattfwee dimensions, whe@G,, = 0.
Obviously Cartan’s intuition worked with three dimensiofiere is evidence for this, namely,
he constructed a special 3-dimensional model of a RC-sdad B], the Cartan spiral staircase;
for a discussion, see Garcia et al. [30], Sec.V. Apparemdy-gtretching his intuition, Cartan also
assumedG,, = 0 for four dimensions and run into difficulties with his gratibnal theory. We
go into such details here, since Evans [25], p. 464, comimisame mistake as Cartan did and
assume® G, = 0 for four dimensions, whereas, in fact, (20) is correct. Thmparison between
the four-dimensional EC-theory and a three-dimensionaticaum theory of lattice defects has
been reviewed by Ruggiero & Tartaglia [59].
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Due to the omnipresence of the cofranfe an extended electromagnetic po-
tential A” is created by (23) everywhere. Thus, one may call such anzansa
pan-electromagnetic. The constagtmust be thought of as a universal constant.
Otherwise a geometric theory, which supposedly descrilb@s/arsal interaction,
looses its raison d’étre. The dimensiornugfdoesn’t point to its universality. Re-
member that universal constants usually have the dimesnsibgi™ §"2, where
g denotes the dimension of a charge dnthat of an action, see Post [57] and
[40]. Constants built according to this rule, are 4-dimenal scalars, since
andh carry exactly this property. Observationally it turns duattn; andn, are
integers. Examples for such dimensionful 4-scalars are

b b

q — electric charge p — magnetic flux e — electric resistance . (24)
Thus,nqy,ny = 0,+1,4+2,.... Accordingly, the impedance of free spacg =
\/ 1o/ €0, for example, is a 4-dimensional scalar and a universaltaotisvhereas
g9 andy for themselves are no 4-scalars. And &Qr we havelag| = /(g x
length). This doesn’t smell particularly universal. The constanis not expected
to qualify as a 4-scalar, since it defies the scheme (24).

Evans has the following to say[24], p.435): “HereA(© denotes &' neg-
ative scalar originating in the magnetic fluxére, a primordial and universal
constant of physics.” From [22], p.2 we learn that we hava ‘scalar factor(“),
essentially a primordial voltage.” In fact, the dimensidrug is neither that of a
magnetic flux nor that of a voltage. Thus, the meaning of tbisstant is not clear
to us.

For convenience we can parametrizewith the help of the magnetic flux
quantumh/(2e). Hereh is the Planck constant andthe elementary charge.

Then,
h

- 26€E .
Thus, the lengtlfz, the £ stands for Evans, is the new unknown constant. Ac-

cording to Evans, it should be negative.
The extended electromagnetic potent#l is represented four 1-forms,

(25)

Qo

A° = Adst, A= Atdet, A*=Alddt, AP = Al dxt. (26)

Thus, it has 16 independent components, quite a generafizas compared to
the Maxwellian potentiall = A; dz* with only 4 independent components. Evans

5 We denote Evans’ constadt®) by ag, see our Table.
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doesn't give a Lorentz covariant prescription of how to agtfrom.4“ the Max-
wellian potentiald. According to (23),4* transforms under a locabrentz trans-
formationAs®’ like the coframe:

AY = Ag¥ A7 (27)

Suppose we try to identify the Maxwelliahwith A°. Then, under a local Lorentz
transformation, this identification is mixed up:

AY =AY A% = AT AY AT A AT A+ AT AR (28)

In the new frame, indicated by a primd? cannot be identified witt! since it
contains three non-Maxwellian admixtures. However, ferghysical description
the new frame igquivalentto the old one. In other wordshe identification of
A° as Maxwellian potential is not Lorentz covariant and has éadiandoned.
This is an inevitable consequence of the fact thatransforms as a vector under
the Lorentz groupO(3, 1), as it does, according to Evans’ ansatz (23). Similar
considerations apply td!, A2, and.A3.

One could try to kill then-index in A“ by some contractions procedure, such
asv, N A* or e, | A*; however, the former yields a 2-form, the latter a O-form.
Also the Hodge star doesn't help, sinag, A A%, e.g., represents a 4-form. Since
Maxwell’'s theory in a RC-spacetime is locally Lorentz caaat, the extraction
of Maxwell’s potential 1-formA from .A® doesn’t seem to be possible.

Evans also considers 3-dimensional spatial rotatigfis The corresponding
rotation groupO(3), is a subgroup of the Lorentz grow®) (1, 3). Hence we can
study the behavior ol under these rotations:

A = s AP (29)

This equation is contained in (27), which, additionallycempasse®oostsin
three linearly independent directions. Clearly, thé&3) is not the covariance
group of A*. It is just a subgroup of th€O(1,3). An O(3) covariant electro-
magnetic potential cannot be derived from the ansatz (28)Linrentz covariant
way — in contrast to what Evans claims [24].

Thus, instead of the desired|(3)-covariant extended electrodynamics, Evans
in fact, due to his ansatz (23), constructed willy nilly5&)(1, 3)-covariant ex-
tended electrodynamics. Still, he insists that@h8)-substructure has a meaning
of its own; however, certainly not in a Lorentz covariantsen
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If we differentiate Evans’ ansatz, we find for the extendezt®bmagnetic
field strength

F*:= DAY = dA” + T N A° (30)

the relatiof§
Fo=agT®. (31)

Now we haves x 4 components of the extended electromagnetic field stredgth.
we have shown in Sec.2, the torsiéf is a quantity related to translations and,
accordingly, to energy-momentum. On the left-hand-side have an extended
electromagnetic quantity that is eventually related todtlgptical extended elec-
tric currents. AlsaF®, like the potentiald®, transforms as a vector under Lorentz
transformations:

F =N~ TP (32)

Before we turn to the extended electromagnetic field egnatd Evans, let us
first remind ourselves of the fundamental structure of Mdksvilneory. With the
field strength 2-form” = B + E A dt and the excitation 2-formil = D —H A dt,
the homogeneous and the inhomogeneous Maxwell equatiadsrespectively,

dF =0, dH=.]. (33)

HereJ = p — j A dt is the electric current 3-form. The homogeneous equation
dF = 0 corresponds tonagnetic fluxconservation and the inhomogeneous one
dH = J is a consequence efectric chargeconservation/.J = 0. Both equations
correspond to separate physical facts and are thus indepeftdm each other,
see [38], where a corresponding axiomatic framework wasset

In order to complete the theory, we have to specify, in addito the Maxwell
equations, aonstitutive law In vacuum that is, in free space without space
charges, the field strength and the excitation are related by

1
H=_—"F 34
QO ) ( )
whereQ)y = \/ 110/ is the impedance of free space. Now the Maxwell equations
for vacuum can be put into the fofm

dF =0, dF=QJ. (35)

6As we mentioned in the Introduction, Cartan observed thatvébctor piece of the torsion
e« |T™ has the same transformation behavior as Maxwell’'s potertian contrast, in (31) the
field strengthF* is involved and not the potential®.

" For no obvious reason, Evans writés§" = 1, .J instead. Apparently the, got lost.
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Note that in no sense the inhomogeneous equation is the™dutle homoge-
neous one, or vice versa, providéd# 0.

3.2 Lorentz force density
In analogy to Maxwell’s theory, we should have as Lorentzdalensity
fa = (eajfﬁ) A jﬁ (9)7 (36)

with a Lorentz covariant electric currept,, which we will discuss below. How-
ever, we didn’t find a corresponding definition in Evans’ warence we marked
this formula by a question mark.

3.3 “Homogeneous” field equation of extended electromagnsin
The exterior covariant derivative of the extended fieldrsithe (30) reads
DF*=Rz*NA"  or  dF*=Rp"NA° Ty NF°. (37)

This Ricci identity for.A® poses in Evans’ unified field theory as the extension of
the homogeneous Maxwell equations. Eq.(38)the analog of the Maxwellian
dF = 0.

If we follow Evans and substitute Evans’ ansatz (23) intortgbt-hand-side
of (37),, we have

dF* = Qo T s (38)
with what Evans [20] calls the homogeneous current
Jo = g—(; (Rs* N0° =T ATY) . (39)

Eq.(37) coincides with Evans [24], EQ.(20). However, [23], Eq.(2®hich is
also claimed to represent the homogeneous equation, sésiply svrong. We
are not sure why Evans substitutes his ansatz only intoghé-hand-side of (37)
and not completely into the whole equation, but this is jastway he did it in
order to find his field equation.

It is strange that the “current” (39) depends on the torsiot #hus on the
extended electromagnetic field strength itséi® = o, T°. Moreover, thiscur-
rent is not Lorentz covariargince its right-hand-side depends on the connection
explicitly. The pseudo-conservation law

dTpem =0, (40)
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which follows from (38), is not Lorentz covariant either. ¥rkas the whole equa-
tion (38) is Lorentz covariant, as we recognize from (3#ty left-hand-side and
its right-hand-side for themselves aret Lorentz covariant.

We differentiate (37)covariantly and recall the second Bianchi identity (12):

DDF® = Rs* NFP. (41)

For reasons unknown to us, Evans [24], p.442, calls thistemu&he generally
covariant wave equation”. IR;* A F? = 0 — this corresponds to 4 conditions
— he speaks of the condition for independent fields (no muntaraction of
gravitation and electromagnetism).

If (i) the curvature vanishes?;* = 0, and (ii) the frames are suitably chosen,
I's* = 0, then the field equation (37) of Evans’ theory is really hoerepus:
dF* = 0. Otherwise we have to live with inhomogeneous terms. How&xens
claims the following ([24], p.440)Experimentallyit is found that (37) “must
split into the particular solution”

dF* = 0, (42)
Te* ANF? = Rg*NA°. (43)

Clearly, Egs.(42) and (43) represent an additional assompBut note, neither
(42) nor (43) is covariant under local Lorentz transformiasi of the frame and,
accordingly, they are of very dubious value.

Since torsion is proportional to the extended electromagtield strength,
the first Bianchi identity (11) and its contractions (17) gdd) are alternative
versions of (37), provided one substitutes (31). Eq.(18ntleads

D (770467 VAN P) + 2aqg ﬁ[a N Gm =0. (44)

Now the Evans ansatz is exploited and, in order to get thensixie of the
inhomogeneous Maxwell equation, Evans had to invest a nea: id

3.4 Inhomogeneous field equation of extended electromagisnh

According to our evaluation, Evans’ recipe amounts simpljake the homoge-
neous equation (37 and to apply the substitution rule

F*—*F* and R,”—"R,’ (45)
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to it. Then one finds
D F* :*Rga/\.Aﬁ or d*Fe :*RﬁaAAﬁ—Fga/\ 8 (46)

SinceF* as well ask,” are both 2-forms, the recipe is consistent. Eq.(46)he
analog of the sourceless inhomogeneous Maxwell equdtibn= 0.
We substitute the ansatz (23) only into the right-hand-efdd6) and find

d"F* = Qo T » 47)

with the inhomogeneous current

)

inh = QO

Evans [20] claims that (47) can be derived from (38) by apgytthe Hodge star
to (38). However, this is not possible. Inter alia, he supgosrroneously that
dF~ = d*F*, see also the slides of Eckardt [19]. The inhomogeneoustiequa
represents a new assumption that can be made plausible kulkgtution rule
(45).

As with the homogeneous current, we have again a pseud@s@tison law

("R A9” =T A*TP) . (48)

AT =0, (49)

which is not Lorentz covariant either. We apply a Lorentngfarmation to the
left-hand-side of (49),

A (dT) = AT — (dAs™) Ty (50)
The last term destroys Lorentz covariance. If we subst{#@¢ we find
d lfllil - (dAﬁa/)jiﬁh =0. (51)
Clearly, the law (49) is not Lorentz covariant. Analogousi&ipns are true for
jhﬁom'
If we write the inhomogeneous field equation in analogy tathemogeneous
Maxwell equation with sourcé*F’ = J, we have
D*F* = J¢ with T :=ag*Rg* A" (52)

The Lorentz covariant curregt® seems to be the only current that could enter the
definition (36) of the Lorentz force density. The curreniy,, or J;o, don't seem

16



to qualify because of their lack of being Lorentz covarizee, however, the next
section. We differentiategr® covariantly:

DI = ag [(D*Rs*) N9° + "Rg™ A *T°] . (53)

It is not conservedLocal electric charge conservatiasf classical electrodynam-
icsd.J = 0 (note that we have only an exterior derivative here) is sustl by
the four extended charge non-conservation laws (53). Leleatric charge con-
servation, a law that is experimentally established to & liggree of accuracy
(see Particle Data Group [56], p.91, and also Lammerz&tj),[5 irretrievably
lostsince the connectioni,” as well as the torsio® and the curvaturé,” get
involved in (53). In Maxwell’s theory no such thing happeasd.J = 0.

3.5 Lorentz force density revisited

We discussed the Lorentz force density earlier, see (363est represents the
key formula for the operational definition of the electrometyc field strength.
This should be also true in Evans’ framework. However, Exagplied no corre-
sponding formula and, accordingly, his field strengtthas no operational sup-
port. However, after defining the homogeneous and the inigemeous currents,
the following observatiohhelps:

The homogeneous curredt°™ of Evans is of a magnetic type, wheregs™"
is of an electric type. Now we recall that in Maxwell’s thepifyan independent
magnetic current 3-fornk” is allowed for, the Maxwell equations read

dH = J, dF = K , (54)

compare (33). If the Lorentz force density is adapted tonleis situation, then
we find, see Kaiser [48] and [39],

fa=(ea| F)NJ —(eq] H) NK . (55)

Let us translate this into Evans’ framework,

1 :
F—F" K—=QJ™, H—o"F J=J",  (56)
0
that is,

fo = (ea) FOYNTF™ = (ea ] F7) N T5™ . (57)

8 | owe this observation to Robert G. Flower (private commatian). It is also mentioned in
Eckardt’'s workshop slides [19], as | found out later.
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We substitute the currents (48) and (39):
a
fo = Q—Z [(eal FP) A (R AT =Ty AT7)
—(ea* FPYN (Ryg N —Tog NTT)] . (58)

The noncovariant, connection dependent terms on the hight-side of (58) drop
out, provided we substitute the Evans ans@&tz= a, 7“. We are left with
Qo

fo = = [(ea) FOY N Ryg A —(e0 " FPY A Ryg A7) (59)
QQ N—— N—_——

el.type cur. mg.type cur.
This formula fills the bill. The currents are those on the tigand-sides of the
covariantly extended Maxwell equations (4@nd (37), respectively.

Eq.(59) represents the Lorentz force formula in Evans’ thedt the same
time (59) supports our earlier conclusions thge™ and.7*", being non-covariant,
have no legitimate place as physical observables in Evaesty. The “real cur-
rents” can only be read off from the right-hand-sides of thxeaciant electromag-
netic field equations (46)and (37).

4 Gravitation: Evans adopted Einstein-Cartan the-
ory of gravity

4.1 Firstfield equation of gravity

According to Evans, the Einstein equation of general natgtheeds to be gener-
alized such the on the left-hand-side we have an asymmeitritein tensor based
on RC-geometry and on the right-hand-side an asymmetriorceal energy-
momentum tensor, see [25], p.103, Eq.(5.31). Then his géred Einstein equa-
tion, valid for a spacetime obeying a RC-geometry, readsXtarior calculus)

Gy = K Yg (first field eq.) (60)

where G, is the Einstein 3-form (16) and := 87G/c? (called k& by Evans),
with G as Newton’s gravitational constant andhe velocity of light. Accord-
ing to Evans, we have to understarig as canonical energy-momentum that “has
an antisymmetric component representing canonical angnkxgy/angular mo-
mentum” (see Evans [24], p. 437). Thus, we take the antisyicrgece of (60),

Vo NGg = kUa N Xg| . (61)

SWhatever angular energy may mean in this context.
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4.2 Second field equation of gravity

It is known from special relativistic field theory, see Cardd6], Eq.(19.23a),
that angular momentum conservation, with the canonicalapgular momentum
current of matter,z and the canonical energy-momentum current of maitgr
can be expressed‘ds

DTaﬁ—Fﬁ[a/\Em =0. (62)

In this form the law is also valid in a RC-spacetime, see [37].
Let us now take a look at the contracted first Bianchi ider{i§). Then (19)
and (62), substituted into (61), yield

D (Cop—kTap) =0. (63)

In this derivation, we invested the asymmetric Einsteinagigm a la Evans
(rather a la Sciama-Kibble, see below), the generallyateckangular momentum
law, and the contracted first Bianchi identity. Consequenph to a gradient term,
we find

Cop = K Tag (second field eq.) (64)

Now we recall Evans’ insistence that spin and torsion arevatgnt (rather pro-
portional to each other, we should say). Provided we drogtadient term men-
tioned, we arrive at (64) — and this, indeed, expresses thgoptionality of spin
and torsion. Therefore, we have shown that (64), which isetones called Car-
tan equation, represerdshidden tacit assumption of Evans’ theomhis propor-
tionality between spin and torsion, whichrieta geometrical property of torsion,
but rather the result of picking (60) as one field equatiorgfawity, is always ad-
vocated by Evans in slogans, but never stated in an expicitdla, as far as | am
aware. Because of the angular momentum law (62), it is chedrthe spirr,s in
(64) is the spin of all matter, including that of the electagnetic field. Similarly,
the energy-momenturii,, in (62) and (60) represents the energy-momentum of
all matter, including that of the electromagnetic field.

10 Corson [16] formulates angular momentum conservation msde calculus in Cartesian
coordinates a®),&;;* — 2% = 0. Hereid,j,... = 0,1,2,3 are holonomic coordinate in-
dices and®,;* and ;;, in Corson’s notation, canonical spin angular momentum eambni-
cal energy-momentum, respectively. If we define the 3-foomspin and energy-momentum as
Tapg = Gap'ny andX, = T, n°, respectively, and substitute the partial by a covariaterér
derivative, then Corson’s relation can be translated iB®).(Note thatS 3" and¥, 3 are ordinary
tensors here, not, however, tensor densities. We use ttiéd&ofor energy-momentum in order
not to confuse it with th&" of the torsion.
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Evans’ states repeatedly that, within his theory, elecapnetism is an effect
of spin. Let us translate that prose into a quantitativdiaia For this purpose we
have to resolve the second field equatiqi®4) with respect to the torsidh™:

T = ke {55(6” Tse) — %190‘ A (esle,] 7‘55)} : (65)

Using Evan’s ansatz (31), this transforms into a relatiotwben the extended
electromagnetic fieldF* and the spim ;:

Fo = agk [5%(6”7‘53) — 2190‘ A (es] 6”7‘55)] : (66)

As soon as we have a source with spin, whatever the source e)didn, as a
consequence of Evans’ ansatz (80), an extended electratadjeld is created
via (66).

We would like to stress that (64) and (60) #ne field equations of the Einstein-
Cartan theory of gravit}? (1961). In other words, without stating this explicitly
anywhere, Evans just adopted, knowingly or unknowingly,tthio field equations
of the Einstein-Cartan theory. This insight makes a lot efdunsiderations more
transparent.

In the EC-theory, the gravitational field variables are aofey* and Lorentz
connection™*? = —I'#*_ Thefirst field equation corresponds to the variation of a
Hilbert type Lagrangian with respect to tbeframeand thesecondield equation
with respect to the.orentz connection Consequently, the dynamics 6f and
'8 is controlled by the two field equations (60) and (64).

we multiply (64), withC,, s substituted according to (15), from the left witk|,

1
(66J77aﬁ'y) ANT7T — 5 NaBy €5J ATV = Iiengag .

N | =

We havees |m.8, = a5, S€€ [37,38]. Moreover, in order to kill the free indicess, J, we
multiply with %% and note), s, = Nagyw V"

1 1
-5 naﬂéunaﬁﬁ ATY — 3 naﬁéﬂﬁaﬁw 9 Nes|T = _ﬁnuﬁvéeﬁjﬁé )
After some algebra with the products of this, we find
T = 9% Neg|TP + kP es| 75 .

We determine the trace, | 7% of the last equation and re-substitute. This yields therddsesult.
?Evans calls (60) generously the “Evans field equation ofigrasee [25], p.465.

20



4.3 Trace of the first field equation

The trace of the first field equation (60) plays a big role inrSrgublications.
Hence we want to determine it exactly. We multiply (60)dsy. Then we get a
scalar-valued 4-form with only one independent component:

1
ﬁaAGa:§ﬁaAnam/\Rﬁ7:mﬁa/\2a. (67)

After some light algebra, we find the 4-form (recal] = <,%n;)

nﬁ.y/\R[h:/iﬁa/\Za:HTU, (68)
with the trace of the canonical energy-momentum tefiset <,*. By taking its
Hodge dual, remembering (10) angl = **1 = —1, we can put it into the scalar
form

R=—-k%. (69)

This is the generalization of Einstein’s trace of his fieldlatipnﬁ = —ktto
the more general case of EC-theory. Wittilde we denote th&kiemanniarpart
of a certain geometrical quantity (not to be confused witlrisr Hodge duality
symbol). In general relativity, the source of Einstein’siatijon is the symmetric
Hilbert energy-momentum tensty; = tg,; its trace we denote by:= t,“. The
corresponding 3-form is,, = t,"7;.

In order to make a quantitative comparison with generatiety we decom-
pose, within a RC-spacetime, the canonical Noether ensigyentumy, =
T .5 1” into the symmetric Hilbert energy-momentumand spin dependent terms
according to [37]

Yo =00 —e5|(T° A tio) + Ditg, . (70)

The spin energy potential,, a 2-form, is related to the spin angular momentum
3-form as follows:7*? = 9l A 1P, Similarly, we decompose the curvature scalar
R into its Riemannian park and torsion dependent terms. The calculations are
quite involved. We defer them to the Appendix. We end up withfinal relation

R A Nag = K (ﬁa Ao, + KA Tag) ) (72)
Here K is the contortion 1-form defined in (7). The scalar versio(i7df) reads

R=—k[t+*(1ap AN K*)] . (72)

21



Thus we recognize that in the EC-theory the Riemannian ;:}iatrbthe curvature
scalarR obeys a relation like in general relativity, however, thedtginian source
t has to be supplemented bypgin-contortion term

Our trace formula (72) of the first field equation, which is a@aa conse-
guence of the EC-theory, should be distinguished from Evemisesponding
hand-waving expression like, e.g., [21], Eq.(17). Thea Evans’ formula changes
its meaning within that paper several times; moreover, hes dke “Einstein
Ansatz” R = —kT (in our notationR = —«xt) even though he is in a RC-
spacetime, where (72) should have been used instead.

4.4 Energy-momentum and angular momentum laws
Within the EC-theory, the energy-momentum law reads, sBe3[8 55],

DY, = (ea|T?) AX5 + (ea| RP) A 75, . (73)

Evans assumes incorrectly (as did Cartan in his originaépsphat there has to be
a zero on the right-hand-side of (73), see Evans [25], p. #64s basic mistake,
which has far-reaching consequences, if (73) is comparéd (D), apparently
induced Cartan to abandon his gravitational theory in a R&:stime. We rec-
ognize from (73) that, instead of a zero, there rather emgn@étational Lorentz
type forces of the structummassx torsion+ spin x curvature Remember, in
electrodynamics we hawharge x field strength

The angular momentum law, as we saw in (62), keeps its form fatispace-
time, namely

D7os +Uja AN X5 = 0. (74)

4.5 Evans’ wave equation as a redundant structure

It is puzzling, besides the structure we discussed up to BEeans provides ad-
ditionally a wave equation for the cofram®. He derives it, see [25], p.149,
Eq.(8.8), from the gravitational Lagrangian (in his naiai
21 R
— __ | = a ow v ~roa, v

LEV l{? 2 (aLLQV)(& Qa) + 2 ql/qa . (75)
Itis astonishing, Evans presupposes a RC-spacetime;theless, he takes partial
derivatives that are not diffeomorphism invariant. In arttetranslate (75) into a
respectable Lagrangian, we (i) substitute the partial acant derivativeg),, —
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D,, (i) interpretD,,q. as2D.qy, and (iii) insert a missing factb’ri. Then we
have (in our notation)

1
Lyy = =5 (D9 A"DIo +R) . (76)

With the definition of torsion and with (10), we can rewritag

Lpy = —i [T AN*To +*(9a A9g) A R (77)

It is now obvious, this is a purely gravitational Lagrangiaote also the ap-
pearance of the gravitational constant in it. Lagrangidrbis type have been
widely investigated in the framework of the Poincaré gatingery of gravity, see
[33,54]. There, in contrast to EC-theory with isLagrangian, propagating tor-
sion occurs. However, for Evans’ theory, (77) is an incdrtexgrangian. Only if
we dropped the quadratic torsion term, would we recover émerplized Einstein
equation (60) that Evans used from the very beginning. Toexe¢he Lagrangian
Lz is false. But it is more, it is a redundant structure at theestime.

Our argument is independent of the details of our transigiit@cedure from
(75) to (76). Evans’ Lagrangian (75) depends on the graeitat constant and
the only field variables present afé andI'*?, i.e., itis a gravitational field La-
grangian. However, since Evans postulates the validitg@fieneralized Einstein
equation (60) and of the Cartan equation (64), the dynanfittseeovariabley” is
already taken care of by (60) and (64). There is no place farthdr wave equa-
tion.

In the framework of Evans’ theory, the subculture that depet around Evans’
wave equation, is largely inconsistent with Evans’ theorgper, the latter of
which will be defined exactly in Sec.5.2. Apparently, Evasisnisunderstand-
ing his own theory.

5 Assessment

5.1 Summary of the fundamental structure of Evans’ theory

Since the publications of Evans and associates are not rarggdarent to us, we
distilled from all their numerous papers and books the i8mf Evans’ theory.

13Evans equates his expressighg” always consistently to 1, whereas 4 is correct, namely
eq|U* = 6% = 4. The trace of the unit matrix in 4 dimensions is 4.
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Geometry: Spacetime obeys a RC-geometry that can be described by an or-
thonormal coframé*, a metricg,3 = diag(+1, —1, —1, —1), and a Lorentz con-
nection['*? = —I'"*_ In terms of these quantities, we can define torsion and
curvature by, respectively,
T = Dv“, (78)
R = dI',’ —T, AT . (79)
The Bianchi identities (11,12) and their contractions 209 follow therefrom.

Electromagnetism: Evans’ ansatz relates an extended electromagnetic paitenti
to the coframe,
Aa = Qo 9. (80)

The electromagnetic field strength is defined according to
F¢:=DA". (81)

The extended homogeneous and inhomogeneous Maxwell egsiagad in
Lorentz covariant form

DF*=Rz*NA" and  D*F® ="Rz* N A%, (82)

respectively. Alternatively, with Lorentz non-covariadurces and with partial
substitution of (80) and (81), they can be rewritten as

dF* = Qo T2, Jo = % (Rg* NP =T NTP) | (83)
0
d"F* = Qo T » b = g_z (*Rﬁa N7 — L A Tﬁ) : (84)

Gravitation: Evans assumes the EC-theory of gravity. Thus, the field eqmsat
are those of Sciama [62, 63] and Kibble [49], which were disced in 1961:

1
5 ey / R = k¥, =k (I 4+ ™) | (85)
1
5 Moy T" = KTag =k (Tg}g&t + Tglﬁrng> : (86)

Heren,s, = *(J. A U5 A ¥,). The total energy-momentum of matter plus elec-
tromagnetic field is denoted By, the corresponding total spin by.
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5.2 Five cornerstones define Evans’ unified field theory

In order to prevent misunderstandings, I'd like to definediewhat | understand
as Evans’ unified field theory. Such a statement, which opséth the last sub-
section, seems necessary since there are numerous irieanss and mistakes in
Evans’ work, see Bruhn [2—11] and Rodrigues et al. [18, 58jhghat it is neces-
sary to distiguish between the relevant and the irrelevartspf Evans’ articles.
Let me formulate what | consider to be the five cornerstond&svahs’ theory:

1. Physics takes place in a Riemann-Cartan spacetime, 8gand (79).

2. The extended electromagnetic potential is proportitm#he coframe, see
(80), and the extended electromagnetic field strength ttotisen, see (81).

3. The extended Maxwell equations are given by (82).

4. The Einstein equation gets generalized such that onfithd@ed-side we
have the asymmetric Einstein tensor of a Riemann-Cartazeipge and on
its right-hand-side, multiplied with the gravitationalnsgant, there acts as
source the asymmetic canonical energy-momentum tensbeahitended
electromagnetic field plus that of matter, see (85).

5. Torsion is proportional to spin.

One may wonder what Evans understood exactly as spin. Hoygewee he spec-
ified the canonical energy-momentum tensor under cormegstpwe concluded
that he opts likewise for the corresponding spin angular Br@om tensor under
cornerstone 5. This all the more, since Evans [24], p. 43htimeed thecanoni-
cal spin explicitly. Starting from cornerstone 4, we were ablstiow, using only
the angular momentum law and a piece of the first Bianchi igeriat corner-
stone 5 implies the second field equation (86).

There is not more than these five cornerstones. Our conaligicthis paper
and the one accompaying it [41] are derived only from thesarBearstones by the
use of the appropriate mathematics.

We disregarded the following two main points:

A) The antisymmetric part of the metric. Evans has some stalilabout it
mixed with partially incorrect formulas, see Bruhn [7]. Bese of cornerstone 1,
an asymmetric metric is excluded. Hence we didn’t follovs thain of thoughts
of Evans any longer.
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B) Evans derived a wave equation for tbeframein a not too transparent
way, see [25], p.149, Eq.(8.5). All the results in the coht#xhis wave equation
we don’t consider to belong to Evans’ theory proper, as ddfat®ve. Since the
generalized Einstein equation of cornerstone 4, togetitrasrnerstone 5, rules
already the dynamics of the coframe — after all, one can firedgineralized
Einstein equation by variation of the curvature scalar waigpect to the coframe
— there is no place for a further equation of motion for the-aofe.

In the accompanying paper [41] we propose a variationatjpie for Evans’
theory that reproduces the facts mentioned in cornerstbi@$. In this context,
there emerges an additional piebe'T,, on the right-hand-side of the general-
ized Einstein equation, which, becauselofT, = D*D%,, is, indeed, in the
linearized version a wave operator applied to the coframed tis structure is
reminiscent of those in Evans’ wave equation. However, esult was achieved
by just taking the five cornerstones for granted and by caostrg an appropriate
Lagrangian. We didn’t use any additional assumption, wdeEevans introduces
his wave equation as an ad hoc structure without consistetiation.

5.3 Points against Evans’ theory
5.3.1 Electrodynamics has nothing to do with the geometry adpacetime

In gravity the experimentally well established equalityradrtial and gravitational
massmi, = m,, is a fundamental feature. It is the basis of Einstein’s eajaivce
principle and of ayeometridnterpretation of gravity in the framework of general
relativity. Theuniversalityof this feature is decisive. Since there is no physical
object without energy-momentum, the equivalence prirecgpplies equally well
to all of them, without any known exception.

Is there a similar physical effect known in electromagme#sNo, not to my
knowledge. Rather, the decisive features of electrom&gmnetdre electric charge
and magnetic flux conservation (yielding the Maxwell equagi[38]). And these
conservation laws have nothing to do with spacetime symesgtvhereas energy-
momentum, the source in Einstein’s gravitational the@yelated, via Noether’s
theorem, taranslationsin spacetime. In the Maxwell-Dirac theory (Maxwell’s
theory with a Dirac electron as source), electric chargeeormation emerges due
to the U(1) phase (gauge) invariance of the theory, that is, due tontemnal
symmetry (unrelated to external, i.e., spacetime symestriMoreover, charge
conservation is universally valid. However, it has nothimgay about electrically
and magneticallyjeutralmatter, as, e.g., the neutrinas v,,, v;, the photony, the
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gauge boso, the neutral pion®, etc.

Evans provideso new insighinto this question. His only argument is that any
ansatz (like hisd® = ay¥*) must be permitted and only experiments can decide
on its validity. However, Evans’ ansaid® = aq* presupposeshat electro-
magnetism, like the cofram@&*, is a universal phenomenon, which it isn't, since
neutral matter is exempt from it. The lack of universalityedéctromagnetism
makes its geometrization a futile undertaking.

This argument is sufficient for me to exclude Evans’ theoghtifrom the
beginning. However, some people, like Evans himself, damkit so convincing.
Therefore we collect more evidence.

5.3.2 Uncharged particles with spin and charged particles ithout spin cause
unsurmountable problems for Evans’ theory

Take a neutrino, say the electron neutrino It has no electric charge< 10~
electron charges), no magnetic momentl()~'° Bohr magnetons), and no charge
radius squaredq (—2.97 to 4.14) x 10732 cm?], see [56]. Hence the, is elec-
tromagnetically neutral in every sense of the word. But isiea spinl /2. Conse-
guently, according to Evans’ doctrine, see (66), it shotdéte an electromagnetic
field, But halt, this cannot be true! A neutrino creating agcglomagnetic field?
Even Evans abhors such an idea. And his remedy? For a neuteimave to put
ao = 0, is Evans’ stunning answer to a corresponding questiorsgaes’ blog**
A unifiedfield theory ofgeometrictype that switches off a coupling constant for
a certain type of matter, doesn't it lose all credentials?

Complementary is the charged piof. It carries electric charge bub spin.
Evan conclud€s that it cannot carry an electromagnetic field either!

Of course, according to Evans’ ansad2 = aqv“, electromagnetism is as-
sumed to be an universal phenomenon. Since this assumsfiacorrect, Evans’
theory must run into difficulties for neutral and for spirdesatter willy nilly.

Yhttp://lwww.atomicprecision.com/blog/2007/02/19/etartary-particles-charge-and-spin-of-
ece-theory-2/

Bhttp://lwww.atomicprecision.com/blog/2007/02/19/etettary-particles-charge-and-spin-of-
ece-theory/
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5.3.3 There doesn’t exist a scalar electric charge, electricharge conserva-
tion is violated

In Maxwell’'s theory the current/ integrated over a (3-dimensional) spacelike
hypersurface?; yields a 4-dimensional scalar chargfg; J. In Evans’ theory
no such structure is available since any curréfit because it is vector- valued,
doesn't qualify as an integrand. Accordingly, in Evans’dhg a global electric
charge cannot be defined in a Lorentz covariant way.

By the same token, as was shown in (53), electric charge paatsm is vi-
olated: DJ“ # 0. Under such circumstances even the concept of a test charge
is dubious. Charge conservation is a law of nature. Exceptéme not known,
see the experimental results collected by the Particle Catap [56]. Therefore
Evans’ theory grossly contradicts experiment.

To take Evans72  or J<, as a substitute for a decent conserved current is
impossible, even whed7" . = 0 anddJ%, = 0. They both,72 andJ7¢,,
depend explicitly on the connection and don’t transform aehtz vectors. Their
physical interpretation, as given by Evans, since not Liareavariant, is null and
void. The expressiod 7, = DJ2,. — Is® A J is not Lorentz covariant
either and thus unsuitable for the formulation of a law of §iby, in contrast to
Evans’ claims to the opposite. An analogous considerapqiies to.7;2, .

5.3.4 There doesn’t exist a well-defined Maxwellian limit, lhe superposition
principle is violated

According to our considerations in Sec.3.1, we cannot ekfram theSO(1, 3)
electrodynamics proposed by Evans in a Lorentz covariant avaO(3) sub-
electrodynamics, the latter of which Evans claims to be asjuay theory. More-
over, we have shown that the indexn .A* cannot be compensated in a Lorentz
covariant way such as to find the Maxwellian potentiah some limit. Thus, we
have a potentiad® with 16 independent components and we don’t know what to
do with them, provided we insist on Lorentz covariance.

Bruhn [3] has even shown explicitly that a plane wave in EVans) electro-
dynamics, if subject to a Lorentz transformation, will net ény longer a plane
wave. A proof cannot be more telling. In addition, Bruhn [J@inted out in
detail how Evans suppresses the undesitdomponent of his potential in order
to arrive at higD(3) structure, compare also Bruhn and Lakhtakia [11, 51].

Wielandt [69] demonstrated that the superposition priecialid in Maxwell’s
theory, breaks down in Evané(3) electrodynamics. In a non-linear theory this
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is inevitable. However, the superposition principle carawen be recovered for
small amplitudes and under suitable supplementary camditi In this sense,
Maxwell’s theory as a limiting case seems to be excluded.

5.3.5 Evans’ theory is not really unified

The energy-momentum and spin angular momentum 3-forms tén"** and

a5t entering the two field equations (85) and (86), have to berdebed form

other physical theories, like from Dirac’s electron theofjus Evans’ theory is
not really unified.

On top of these five main counterarguments — remember thatonelu-
sive counterargument is enough to kill a theory — we were abl®rmulate a
variational principle for Evans’ theory:

5.3.6 Evans’ theory is trivial and collapses to general relavity in all physi-
cal cases

As Obukhov and the author have shown in an accompanying pépgrEvans
theory can be characterized by a dimensionless constant
oo

=y (87)

a fact that was apparently overlooked by Evans. If Evansa@anfor a unified
field theory is to be taken seriously, then certainly one w@xpects,, and thus
&, to be an universal constant that cannot be adjusted freeg; however, Evans’
treatment of the neutrino that was discussed above).

We proposed a variational principle [41] with a Lagrangetiplier term that
enforces Evans’ ansatz. This approach reproduces allrésatif Evans’ theory.
We find two field equations with 10 + 24 independent componeaspectively.
The second field equation, it is (64) with the spin of #refield on its right-hand-
side, is algebraically linear in torsion and can be solvedall physical cases,
the torsion vanishes completely and, becaus&of= a,7“, Evans’ extended
electromagnetic field vanishes, too. Consequently, in aisigal cases Evans’
theory collapses to the Einstein vacuum field equation.

Probably Evans will argue that he doesn't like our variagigrinciple and that
our principle ammends the inhomogeneous electromagnelitcdguation (82)
and the first gravitational field equation (85) with termslioed by the Lagrangian
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multiplier. And that these terms are not contained in higiogl theory. This is
true. However, we have shown a consistent way (we belieigthe only way) to
include Evans’ ansatd® = a,v* into the the electromagnetic and gravitational
field equations of Evans’ theory. If Evans rejects our vaia! principle, he will
have a problem. If he substitutes his ansatz into the exteN@xwell equations
(82), he will get field equations fat* andI"*?, which are of second order iff*
(basically wave type equations); if he substitutes his &@nalao into the gravita-
tional field equations (85) and (86), which, after an elinimaprodecure, are also
of second order i*, how will he guarantee that these two different sets of wave
type equations are consistent with each other? Clearlyctimnot be guaranteed.
However, our Lagrange multiplier method does guarantesistancy.

We put this point at the end of our list, since this conseqgaésmotinevitable.
By abolishing a Hilbert type Lagrangian and going over to graagian quadratic
in torsion and/or in curvature (“Poincaré gauge theorghe could ameliorate
this situation, see, e.g., Itin and Kaniel [46, 47], Obukiie4], and Heinicke et
al. [43]. However, we won'’t do that because the reasons gabawve exclude an
approach a la Evans. Still, for more than 20 years it is knafvhow to make
torsion a propagating field, see Sezgin and van Nieuwenh(gzd and Kuhfuss
and Nitsch [50]. Evans’ theory just documents that his auhoot clever enough
to propose a nontrivial model.

6 Conclusion

Around the year 2003, Evans grafted his ill-conceiv&@)-electrodynamics on
the viable Einstein-Cartan theory of gravity, calling itrifted field theory. The
hybrid that he created has numerous genetic defects; sotherofare lethal.
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7 Appendix: Decomposing the trace of the first field
equation

We start from (70), namely
Yo =04 — €3] (T" A o) + Dt (88)

and fromr®? = yle A 1P, The inverse of the latter relation reads [37]
1
Ha = _2€,BJ TaIB + 5 790{ A (65J e’YJ TIBA{) ) (89)

and its contraction is
U NA o = 2e0 | (97 A T5%). (90)

Now we recall, see (68), that we only need the contractio®®} ith v°:
I*NEoq =0 Nog+eg] (0 Apa ANT?) —d (9 A pg) - (91)
This will be substituted in (68). By using (90), we find

R Nnag = k{9 ANaa+2eq]| [T N’ |(97 A T5))
—2d [ea ] (9" A15)] } (92)

Obviously, we can now eliminate the spifz by contracting the second field
equation (64),
KOPATge =Nap AT, (93)

and substituting it in (92). This yields

R Anag = KI*ANoa+2eq]) [T N |(ngy NT7)]
—2d [eo ] (N5 NT7)] . (94)

Some algebra shows that the second term on the right-hdedssnishes and that
ea)(n®s NTP) = 9% AN*T,. Thus,

R A Napg = KUY N oy — 2d (0 N*T,) . (95)
This is a remarkably simple formula. The first ter@* A o, is the Einsteinian

trace, the second one represents a correction by torsiohearoe by spin.
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We can now study the effect of spin on the Riemannian pﬁaﬁ the cur-
vature scalak. For that purpose, we start from the geometrical decomipasit
formula [37,42, 54]

R Anag = R A+ K ANKL Anjag — KP AT Aoy
—2d(9° A *T) . (96)

The second and the third terms on the right-hand-side caolleeted. Then,

1

Raﬁ/\naﬁ :Ea,@/\naﬁ_ 5

K NTY A fapy — 2d(9% A *T),) . (97)

The latter equation is substituted into (95). The derivetidrop out and we are
left with

~ 1
Raﬁ/\nangiﬁo‘/\aa—5770157/\T”’/\K°‘5. (98)

Clearly, the second field equation can be re-substitutechanalrive® at

R A Nag =K (VAo + K ATog) . (99)
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