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Field of a charged particle in a scalar-tensor theory of gravitation
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Abstract Field equations in the scalar-tensor theory of
gravitation, proposed by Saez and Ballester (Phys. Lett. A
113: 467, 1986), are obtained for a static charged point mass
with the aid of a spherically symmetric metric. A closed
form exact solution of the field equations is presented and
may be considered as describing the field due to a charged
mass point at the origin surrounded by a scalar-tensor field.
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1 Introduction

In recent years there has been an immense interest in al-
ternative theories of gravitation. Among them scalar-tensor
theories of gravitation proposed by Brans and Dicke (1961)
and Saez and Ballester (1986) are considered to be viable
alternatives to general relativity. Brans-Dicke theory intro-
duces an additional scalar field φ besides the metric tensor
gij and a dimensionless coupling constant ω while in Saez-
Ballester scalar-tensor theory the metric is coupled with a
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dimensionless scalar field φ in a simple manner. This cou-
pling gives a satisfactory description of the weak fields. In
spite of the dimensionless character of the scalar field an
antigravity regime appears. This theory also suggests a pos-
sible way to solve missing matter problem in non-flat FRW
cosmologies.

Extensive work is present in the literature on the exact
solutions and cosmological models of alternative theories of
gravitation. Saez (1985), Shri Ram and Singh (1995), Singh
and Agrawal (1991) and Reddy and Rao (2001) have inves-
tigated several aspects of this theory. Reddy and Rao (1981)
have discussed the field of a charged particle in Brans-Dicke
theory of gravitation in a conformally fat space-time while
Reddy and Rao (1983) presented the same in the presence
of scalar-meson fields in general relativity. However, to our
knowledge, the field of a charged particle in Saez-Ballester
scalar-tensor theory has not been discussed till date.

Here we have considered the energy-momentum tensor
due to a source free electromagnetic field and have obtained
an exact solution of the Saez-Ballester-Maxwell field equa-
tions with the aid of a spherically symmetric metric. We
have obtained an exact solution of Saez-Ballester-Maxwell
equations which represents field of charged mass point in
Saez-Ballester scalar-tensor theory.

2 Metric and field equations

We consider the spherically symmetric static metric in the
form

ds2 = −eλdr2 − r2dθ2 − r2(dθ2 + sin2 θdφ2)

+ eνdt2 (1)

where λ and ν are functions of r only.
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