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Abstract

According to the conventional theory it is difficult to define the energy-momentum tensor which is
locally conservative. The energy-momentum tensor of the gravitational field is defined. Based on a
cosmological model without singularity, the total energy-momentum tensor is defined which is
locally conservative in the general relativity. The tensor of the gravitational mass is different from
the energy-momentum tensor, and it satisfies the gravitational field equation and its covariant de-
rivative is zero.
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1. Introduction

The definition and local conservation of energy-momentum in the general relativity are two important and unsa-
tisfactorily solved issues. Such an energy-momentum tensor which satisfies o HT “"1ox” =0 has not been
found up to now [1]-[5]. Thus, some physicists give up on the definition of the locally conservative energy-
momentum tensor and attempt to find a quasi-local energy-momentum tensor based on the principle of equiva-
lence [6]-[8]. On the other hand, the cosmological singularity is hardly accepted, and the cosmological constant
issue is not satisfactorily solved as well. In order to solve the two issues, a cosmological model without singular-
ity had been proposed in Ref. [9]. Based on the model, we consider defining an energy-momentum tensor which
satisfies a(ﬁT’” dx" =0 in the present paper.

According to the cosmological model, there are two sorts of matter which are called solid-matter (s-matter) and
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void-matter (v-matter), respectively. Both are symmetric and the symmetric gauge group is SU, (5)xSU, (5)
before the symmetry breaking. Both masses and energies are positive, but their contributions to the Einstein
tensor G,, =R, —9,,R/2 are opposite from each other. There is no other interaction between both except the
interaction of Higgs fields when temperature is high enough and repulsion from each other. There are two sorts
of breaking, i.e. S-breaking and V-breaking. But only one of the S-breaking and the V-breaking can occur in fact.
For example, the S-breaking occurs. When the S-breaking occurs, elementary s-particles get their masses and
form the given world. All v-particles must be massless and form SU,, (5) color singlets. There is no interac-
tion except gravitation among the SU, (5) color singlets so that they cannot form any object. The SU, (5)
color singlets have only cosmological effects and cannot be found. It is seen that the SU,, (5) color singlets
are equivalent to the so-called dark energy. The s-particles and the v-particles can transform from one to another
only when T ~T_., ,where T, isthe highest temperature in the universeat which the symmetry is no break-
ing [9]. There is no singularity in the model; this model has solved the cosmological constant issue, and has ex-
plained the evolution of the universe and given some predicts.
According to the model, the gravitational field equation and the energy-momentum tensor are

1
R, -5 9, R=x(Tg,, —Ty,. ) =&T,,,, x=-81G, (1)
T,uv = Ts,uv +Tvyv +TGyv +T§2yv . (2)

respectively, where T, T ,..T,,.. T, andT,, are the tensor of the gravitational mass, s- and v-energy-
momentum tensors, the energy-momentum tensor of the gravitational field and the energy-momentum tensor of
the Q-Higgs field [9] respectively, g, = diag (-1,1,1,1) in flat space. According to [9], there is no contribution
of T, and T, to G, .Ifthereisthe contributionof T, to G,, T,, should be correct.

Formula (2.3) in [9] corresponding to (1) has an obvious slip of a pen. Right formula (2.3) in [9] should be
1
Ly = [d*x [~9Lgs Low =a (L +Vy)+BL, +(EJV“ .
In Section 2, the definition of the local energy-momentum tensor is given; Section 3 is the conclusion.

2. The Definition of the Locally Conserved Energy-Momentum Tensor

2.1. The Difficulty to Solve the Issue of Local Conservation of Energy-Momentum in the
General Relativity

Let t,, be the energy-momentum tensor of the gravitational field, the field equation is

1
R, —EgWR:K(TW +t,,), (3)
(T m +t‘”) must simultaneously satisfy the following two equations,
(T*‘“ +t# ) =0, 4)
(T* +t) =0. (5)

W

It is not inevitable that one tensor T'*" = (T“V +t“V) satisfies simultaneously the two Equations (4) and (5).
In fact [10],
1

T = ﬁ(ﬁv) -r,, T (6)

W

(4) and (5) imply
r, T"=0. )

Avu

But I',,, isnota tensor, hence (7) is not inevitable. This is a difficulty to define a locally conserved energy-
momentum. A possibility to evade the difficulty is that t“” is a quasi-local energy-momentum tensor. It can be
seen from (7) that if (T”V +t”v) is a quasi-local energy-momentum tensor, it possibly satisfies simultaneously
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the two Equations (4) and (5), because this implies a non-relativistic and independent quantity (according to the
relativity, there is no action at a distance) to be added to T#* in this case.

2.2. A Definition of the Energy-Momentum Tensor T#v Which Is Locally Conserved in This
Model without Singularity

Analogously to the electromagnetic field, we define the energy-momentum tensor T, of the gravitational
field to be

1 Q v 1 v a,
TGW :E(R# ﬂyRaﬁy _Zgu Ri By Rmﬁy)’ (8)

where S is a constant with its dimension [S] = [TG?]. It is obvious that T, isa tensor.

If there is the contribution of T;,, to G, , T, should be correctas

Tg,uv = Ts,uv _Tv,uv + é/TG,uv 1 (9)

where {is a dimensionless number and is not determined for a time. = 0 implies that there is no contribution of
T, to G, ; #0 implies that there is contribution of T, to G

Guv v ; X uv uv "
The total energy-momentum tensor T, is

T =T T +Top + T - (10)
T, satisfies the gravitational field equation
1
va _E gyv R = KTgyv = K(Ts,uv _Tv;zv + C;TG;N ) 1 (12)
thereby
v v l LV
TS :(R” —Eg‘ RJ' =0. (13)

It is necessary that the energy-momentum tensor is locally conserved. Hence T, should satisfy the equation

(V=o1) =([No (e +1 12 +747)|v) =0 (14)

WV

T, and T, aretwo independent tensors, hence they can satisfy the Equations (13) and (14), respectively.

It is possible that the definition of T, is not best. But no matter which definition of T, , provided it is a
tensor, (13) and (14) can still hold. It is seen that the conservative law of energy-momentum can still hold in the
general relativity.

3. Conclusion

According to the conventional theory it is difficult to define the energy-momentum tensor which is locally con-
ventional. The energy-momentum tensor of the gravitational field is defined. Based on [9], the total energy-

momentum tensor T#" is defined which satisfies («/—gT’”) =0. Consequently, the locally conservative law

of energy-momentum can still hold in the general relativity. The energy-momentum tensor T/ of the gravita-
tional mass is different from T*". T/ satisfies the gravitational field equation and its covariant derivative is
Zero.
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