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INTRODUCTION The Geometrical  Scalar  Gravity [GSG]

It is a metric theory of gravity with the following properties:

● The gravitational interaction is described by a scalar field ;

● The field  satisfies a nonlinear dynamics;

● The theory satisfies the principle of general covariance.

In other words, this is not a theory restricted to the realm of special relativity;

● All kind of matter and energy interact with  only through the pseudo-Riemannian 

metric  q
μν

 =  η
μν

 +  ∂
μ
 ∂

ν
 (fundamental hypothesis);

● Test particles follow geodesics relative to the gravitational metric q
μν

 ;

●  is related in a nontrivial way with the Newtonian potential 
N
;

● Electromagnetic waves propagate along null geodesics relative to the metric qμν.

The theory was constructed following the 

main idea of General Relativity [GR] and 

assuming as an a priori that gravity is 

described by a Riemannian geometry.

The auxiliary (Minkowski) metric η
μν

 is 

unobservable because the gravitational 

field couples to matter only through q
μν

.

Old days of Einstein-Grosmann proposal

● The theory is described in a conformally flat geometry and the background Minkowski metric is 

observable;

●  The source of the gravitational field is the trace of the energy-momentum tensor;

●  The scalar field is the (special) relativistic generalization of the Newtonian potential.

v    e    r    s    u    s

In GSG all these assumptions fail.

The motivation to GSG could be understood as proceeding from the lemma:

Given the Lagrangian L = V () ημν  ∂
μ
 ∂

ν
  with an arbitrary potential V (), the field theory 

satisfying the equation of motion in Minkowski spacetime is equivalent to a massless Klein-

Gordon field  = 0 in the metric qμν provided that the functions α() and β() satisfy the 

condition

α + β = α3 V. 

Remarkable, this equivalence is valid for any dynamics described in the Minkowski background by 

the Lagrangian L. This fact can be extended to other kinds of nonlinear Lagrangian .

Static sp
herica

lly 

symmetric 
metric 

of GSG
Theorems

 Newtonian stars

Summary of GSG's equations
Metric: Equation of motion:

From the analysing of the planetary orbits, GSG gives

If  the Newtonian limit is extrapolated:

Dynamic equation:

Energy-momenum tensor for a perfect fluid:

Projection of conservation energy equation on the hypersurface ortonormal to the observers class V :

(I)

(II)

The Newtonian limit of the equations (I) and (II) is given by:

where the function f(r) is define as f(r)  r2 '.

Hydrostatic equation for GSG: Hydrostatic equation for GR:

For the Newtonian limit the functions m(r) and f(r) match with the mass of the 
fluid (or for instance star in hydrostatic equilibrium). Once more is important to 
remember that m(r) is associated with the g11 component of the metric, while f(r) 
is with the q00 component.

Birkhoff's  theorem is valid for GSG

Gauss's theorem on GSG

The solution for the empty space, meaning p = 0 and  = 0, is given by solving the dynamic equation:

given the following cubic equation

where a and b are constants.

This equation underwent a very careful examination of its roots and if we assume the Newtonian limit 

we find that the only possible solution is

which implies in the Schwarzschild metric

We are still investigating the physical interpretation of differents forms of applying the Gauss's theorem 

on GSG. Nevertheless even an unpretentious approach can exemplify the kind of new features which 

GSG brings to gravitation and to the understanding of gravitaional energy.

For example, the dynamic equation (II) can be written in its integral form as:

where 

If we take (r) from the static spherically symmetric case:

on the hypersurface on all space

interior  of the energy-matter distribution

mass term

in Newtonian gravity 

Using a auxiliary Minkowski background metric in spherical coordinates, we are able to do a 

change of coordinates upon the original metric of GSG and with this result we calculate the 

other quantities associated with the dynamic equation (II). 

Metric:

where 

Dynamic equation:

where 

It is possible to write a system to GSG analogous to the Tolman-Oppenheimer-Volkoff [TOV] 

set of equations. This system is defined by the following equations:

TOV-like equations for GSG:

(equation of state)

where 

associated with q00

(equation of state)

where 

associated with g11

TOV equations for GR: Work in progress:

The aim of this work is to find exact 

spherically symmetric solutions for the 

static case of GSG. To do this we 

rewrite the analogous TOV system in 

such a manner that we can obtain 

exact solutions once we realize the 

integrability conditions of a specific 

function. We already have some 

solutions, however we must study them 

a little longer before present the 

results.
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Moreover: Once one imposes the solution to be asymptotically flat, GSG always give a unique 

vaccuum solution, for any potentials! 
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