PHYSICAL REVIEW D, VOLUME 64, 067501

Nonsymmetric unified field theory. Ill. Solution for a point charge
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The field equations of a proposed nonsymmetric unified theory of gravitation and electromagnetism are
solved for a static and spherically symmetric point charge. The generalized electric field is nonlinearly related
to the Reissner-Nordstno, Coulomb, field. It turns out to be finite everywhere, going to zero at the origin and
to a Coulomb value at large distances. The modification of Coulomb’s law is analyzed.
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Recently[1,2] we developed a metric nonsymmetric uni- is the term[4] responsible for the electromagnetic effects.
fied theory of gravitation and electromagnetism. The theoryg“? is the inverse oy, defined byg*#g,,=6°. We also
provides a version of Einstein’s unified thed®] by modi-  have the relation
fiying the Bonnor{4] and Moffat-Boal[5] unified theories.

The formulation is based on a modification of the Einstein " 1 (oa)

part[3] of the Bonnor Lagrangiaf4]. It is done in such a (un) =29 (Spa,v T Svayu™ Suv,a)

way that the antisymmetric pag;,,; of the metric tensor

describes a propagating spin-1 field obeying Maxwell's 1

vacuum equations in the flat space linear approximation, sup- +2(9%s,,—8,87-5,8,)
s 4 " M 13

porting its identification with a generalized electromagnetic

field strengthF,, to within a constant, as proposed in Ref. o,

[4_]; 9[_,w]=pF,”, where p is a universal constant. The of g(“”)l,idefined byg(’”)sﬂﬁ:csg.

Elnsteln-Max_W_eII theory appears to Iowest order abou_t @ The static and spherically symmetric metric tensor in po-

general relativity curved space. By having the MaxwelllanIar coordinates is of the form

behavior satisfied, the theory is sholi to be free of nega-

tive energy radiative modes even when expanded about a

Riemannian background space. It is also ffgof ghost-

negative energy particles, in the sense of elementary particle

theory, and of propagating tachyons.

In this paper we solve the field equations for a static and _ _
spherically symmetric point charge, and analyze the equation Jor= (1) =~ 0ao,
of motion of a charged test particle in this field. The vacuum
field equations argl]

| f) ®)
ng s

A

wheres, ,, symmetric and with determinastis the inverse

Joo=¥(r), Qgu=—a(r),

Oop=—Tr2,  ga3=—r2sirte, (7)

and all other components are equal to zero. In this coordinate
system, for the electric field we have the identificatién
U —K, =0 (1) =Fg=p lw. The nonzero elements of the inverse matrix
py B (uy) areg®=Acq, gt'=—-Ay, g%=—r 2=g%sirtg, andg®'=
—Aw=—g"' with A=(ay—w?) 1. The nonzero compo-
nents of Eq.(5) are2K2002= P 2yw?A, K112=—(a/'y)K00,
where c.p. stands for the cyclic permutation of the indices}izé[lg?’girzz] thgser ;S'?’ rglg?igr{gf] wg sgia(lt;a?%). is
p.v, anda, and identically satisfied. Frzom the g)re\{jg)us relations E}).can
be integrated to giver<(ay— ) ““=pQ, where the con-
(V=gg*) ,=0. (3 stant of integration has been sent equap tanes the charge
of the source particle, for a reason to be discussed below.

Kius),aTC-Pp=0, (2

),

Here Then
Ui =60~ Tl o Dol lon = Tlun T (on) 4 , p2Q?
S S TE ®
contains only the symmetric part of the connection, and pQ+r

We have calculated thd part of Eq.(1) before[6], in the
1 1 ; o -

K=" 91 +gwg[aﬁ]gﬁy+ _gwg[aﬂlg[aﬁ] (5) co_ntext pf a no_nsynjrnet_rlc theory of gravitatiquure gravi-

2 tation with no identification ofy;,,,; to the electromagnetic

field tensoy, in terms of a parametdf that has to be re-
placed here by Q. From the combinationd/y)U g+ U4

*Email address: ragusa@if.sc.usp.br =0, which results from Eq(1) together with the relation
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(al/y)Kgot+K11=0 quoted just above EqQ8), we obtain
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From Eq.(11) we see that the generalized electric field is

[In(ay)] +2p?Q?(r°+rp?Q?) 1=0. This can be integrated to finite in all space, vanishing at the origin and going to the

give
1
2Q2

r4

ay=

1+

)1 : )

where the constant of integration has been fixed in such a

way that the relation goes into the Reissner-Norast(&N)
result,ay equal to 1, whem vanishes. Substituting E¢9)
into Eq. (8), one obtains an expression fef, which gives,
with a proper sign,

(r4+ p2Q2)3/4'
This means that the electric fietE=Fo,=p o is
Qr
= (r4_|_ p2Q2)3/4' (11)

with the sign ofw in Eq. (10) chosen in such a way that the

Coulomb field of the RN solution results whenvanishes.

This is also the reason for the choice of the constant of inte-

gration made in obtaining Ed8).

With the relation written just above E@9), Eq. (1) for
u=v=2 can readily be integrated far. Choosing the con-
stant of integration to yield the RN solution whpvanishes,
one obtains

212 2 2A2\ 34
P2 [2M  Q p?Q
LV R A W
(12)
whereM is the mass of the charged particle and
rdr
1= | 13

which goes to—r~! when p vanishes. From Eqg9) and
(12) we finally obtain

22\ 12 2
T L Al

ZQZ) 1/4

4

r r

(14

RN (Coulomb value at large distances. As anticipated in
Ref. [2] for the general Einstein-Maxwell field, it is here
related nonlinearly to the RIiCoulomb field E.=Q/r2. In
fact, E=E(1+p%E2) ¥4

Let us now analyze the modification of Coulomb’s law in
the theory. The equation of motion of a test chaggand
massm was derived in Ref[2], Eq. (5.5),

du®

ep
F + nguﬁuyzﬁaaﬁK[ﬁy]Uy,

(15

whereu“=dX“/dr is the velocity of the particlea®” is the
inverse of g, as defined bya“? 9(ep)= 9, and Cg,
=1a® “(9go),y T Y(yo). 8~ Y(sy), ») is the Christoffel symbol
formed with the symmetric part of the metric, with,z
referring to the background non-Riemannian field where the
test particle moves. Neglecting velocities and considering the
spherically symmetric field of our point char@® the equa-

tion for x'=r reduces to
dzr+ v _eQiy( 0@ p
a2 2a me? «a 2r4 r4 '

(16)

Here use has been made of the relatids y~ 2, for null
velocities, and of the value df},o;, with the help of Eqs(8)

and (9). The second term on the left-hand side of ELp)
contains the Newtonian force and corrections to it. To obtain
the situation of Coulomb’s law we shall neglect this term,
and for the effective electrical force on the right-hand side
we shall neglect the curvature contributions dudtandQ,
keeping only thepQ terms in Eqs(12) and(14); that is, we
shall set

17

Then one can see that the modified Coulomb equation of

motion is
1/2
szz - szz)
r4 2r4 |

d’r eQ
az

(18)

mr?

This could probably be used to determin¢éo some degree.
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