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ABSTRACT
The generalized action based on a generalized Lagrangian, the generalized gravitational field equation is derived,
a useful expression for the total energy-momentum tensor of gravity and matter is obtained by subjecting the
action to variation under space-time symmetry constraint. If the Lagrangian is linear the gravitational energy
disappears, but when the Lagrangian is quadratic the energy expression in the classical limit gives matter,
interaction and gravitational field energy.
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I. INTRODUCTION
Einstein theory of General Relativity (GR) is one of the fundamental physical theories at the present time. It
describes a number of gravitational phenomena which agrees with astronomical observations [1]. Despite these
successes GR suffers from being isolated from the main stream of physics. In particular, the concept of energy in
GR differs radically from that in other physical theories. Namely it is devoid of the laws of conservation of
matter and field combined together, and even it lacks a full expression for the energy-momentum tensor of the
gravitational field [2]. Various schemes of modifications were put forward to account for this defect, but without
gaining any successes. This is because these models are not in conformity with the usual notion of energy in other
field theories [3,4].
On the other hand the generalized Einstein gravitational theories with additional R2 terms was used successfully to
explain the problem of the flat rotation curves of galaxies [4] and inflation in the early universe without introducing
fictitious scalar fields [5]. Moreover it was shown that these theories share GR all its successes in weak field.
in section (2), being motivated by the successes of Generalized Field Equation (GFE) [6], a generalized energy-
momentum tensor is derived from the generalized action of the GFE [7]. Unlike GR, where the energy momentum
tensor is obtained by subjecting the action to the variation with respect to the field variables [8], we get the energy
momentum tensor by varying the action w.r.t the coordinate variables. In this approach we relies heavily on the
deep connection between the symmetries in nature and the conservation laws, where the invariance of the action
under time and space transformations leads to conservation of energy momentum tensor[9].
By considering a simple non-linear Lagrangian which consists of quadratic term beside the linear one a useful
expression for the energy momentum tensor is obtained in section (3). When the Lagrangian is only linear in R
the gravitational part vanishes and this may explain why it is not possible to define gravity energy momentum
tensor within the framework of GR. The Hamilto- nian for the quadratic Lagrangian can give in the classical limit
to the matter energy, interaction and gravitational field energy.

II. SPACE-TIME SYMMETRY AND THE GRAVITATIONAL ENERGY-MOMENTUM
TENSOR

The relation between the symmetry of space-time and the energy-momentum conservation is well known in
physics [1]. It is generally accepted that the energy-momentum conservation law results from the invariance of
the action with respect to space-time coordinates transformation [2,3,4]. Let us consider the following action
integral
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by interchanging λ with ρ, and setting
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III. THE HAMILTONIAN IN THE NEWTONIAN LIMIT
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A. The Energy of a Static Isotropic Gravitational Field
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B. The Quasi -Minkowskian Approximation
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IV. CONCLUSION
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