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ABSTRACT 

We argue that the Robertson-Walker’s Universe is a zero-energy stable one, even though it may possess a rotational 
state besides expansion. 
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1. Introduction 

The first pseudo-tensorial calculation of the energy of the 
Universe, has been made by Berman, in 1981 [1], in his 
Master of Science Thesis advised by F. M. Gomide. In 
his three best-sellers (Hawking, in 1996 [2]; in 2001 [3]; 
in 2003 [4]), Hawking describes inflation (Guth, in 1981 
[5]; in 1998 [6]), as an accelerated expansion of the Uni- 
verse, immediately after the creation instant, while the 
Universe, as it expands, borrows energy from the gravi- 
tational field to create more matter. According to his des- 
cription, the positive matter energy is exactly balanced 
by the negative gravitational energy, so that the total 
energy is zero, and that when the size of the Universe 
doubles, both the matter and gravitational energies also 
double, keeping the total energy zero (twice zero). More- 
over, in the recent, next best-seller, Hawking and Mlo- 
dinow in 2010 [7] comment that if it were not for the 
gravity interaction, one could not validate a zero-energy 
Universe, and then, creation out of nothing would not 
have happened. 

In a previous paper Berman (2009 [8]) has calculated 
the energy of the Friedman-Robertson-Walker’s Universe, 
by means of pseudo-tensors, and found a zero-total ener- 
gy. Our main task will be to show that our possibly ro- 
tating Robertson-Walkers Universe is stable, in the sense 
that it has a reparametrized metric of Minkowski’s, while 
the latter has been shown to be the ground state of energy 
level among possible universal metrics (see Witten, in 
1981 [9]). 

The zero-total-energy of the Roberston-Walker’s Uni- 
verse, and of any Machian ones, have been shown by 
many authors. It may be that the Universe might have 
originated from a vacuum quantum fluctuation. By “va- 
cuum”, we mean the spacetime of Minkowski. In support 
of this view, we shall show that the pseudotensor theory 

(Adler et al., in 1975 [10]) points out to a null-energy for 
a rotating Robertson-Walker’s Universe. Some prior work 
is mentioned: Tryon, in 1973 [11]; Berman (in 1981 [1]; 
in 2006 [12,13]; in 2007 [14,15], and [16]); Rosen (in 
1994 [17], 1995 [18]); York Jr. in 1980 [19]; Cooper- 
stock in 1994 [20]; Cooperstock and Israelit in 1995 [21]; 
Garecki in 1995 [22]; Johri et al. [23]; Feng and Duan in 
1996 [24]; Banerjee and Sen in 1997 [25]; Radinschi, in 
1999 [26]; Cooperstock and Faraoni, in (2003 [27]). See 
also Katz in 2006 [28], and 1985 [29]); Katz and Ori, in 
1990[30]; and Katz et al. 1997 [31]. Recent develop- 
ments include torsion models (So and Vargas, 2006 [32]), 
and, a paper by Xulu, in 2000 [33]. 

The reason for the failure of non-Cartesian curvilinear 
coordinate energy calculations through pseudotensors, 
resides in that curvilinear coordinates carry non-null 
Christoffel symbols, even in Minkowski spacetime, thus 
introducing inertial or fictitious fields that are interpreted 
falsely as gravitational energy-carrying (false) fields. 

2. Reparametrization of Robertson-Walker’s 
Metric 

Consider first Robertson-Walker’s metric, added by a 
temporal metric coefficient which depends only on t. The 
line element (Gomide and Uehara, 1981 [34]), becomes: 
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Of course, when 00  constant, the above equations 
reproduce conventional Robertson-Walker’s field equa- 
tions. 

We must mention that the idea behind Robertson- 
Walker’s metric is the Gaussian coordinate system. 
Though the condition  constant, is usually adopted, 
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we must remember that, the resulting time-coordinate is 
meant as representing proper time. If we want to use 
another coordinate time, we still keep the Gaussian coor- 
dinate properties. Berman (2008 [35]) has interpreted the 
generalized metric as representing a rotating evolutionary 
model, with angular speed given by Berman (2011 [36]; 
2011 [37]; 2012 [38-40]) and Berman and Gomide (2012 
[41-43]) 
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In the new coordinates, the generalized RWs metric 
becomes: 

d = d ds t x y z       

0, 1,1

    (6) 

This is Minkowski’s metric. 

3. Energy and Stability of the 
Robertson-Walker’s Metric 

Even in popular Science accounts (Hawking, 1996 [2]; 
2001 [3]; 2003 [4]; and Moldinow, 2010 [7]; Guth, 1981 
and 1988 [5,6]), it has been generally accepted that the 
Universe has zero-total energy. The first such claim, 
seems to be due to Feynman, in years 1962-1963 [44]. 
Lately, Berman (2006 [12,13]) has proved this result by 
means of simple arguments involving Robertson-Wal- 
ker’s metric for any value of the tri-curvature (  ). 

Berman and Gomide (2012 [41-43]) has recently 
shown that the generalized Robertson-Walker’s metric 
yielded a zero-energy pseudotensorial result. The same 
authors showed that the result applied in case of a ro- 
tating and expanding Universe. 

The equivalence principle, says that at any location, 
spacetime is (locally) flat, and a geodesic coordinate sys- 
tem may be constructed, where the Christoffel symbols 
are null. The pseudotensors are, then, at each point, null. 
But now remember that our old Cosmology requires a 
co-moving observer at each point. It is this co-motion 
that is associated with the geodesic system, and, as RWs 

observer, the zero-total energy density result, is repeated 
from point to point, all over spacetime. Cartesian coor- 
dinates are needed, too, because curvilinear coordinates 
are associated with fictitious or inertial forces, which 
would introduce inexistent accelerations that can be mis- 
taken additional gravitational fields (i.e., that add to the 
real energy). Choosing Cartesian coordinates is not ana- 
logous to the use of center of mass frame in New-tonian 
theory, but the null results for the spatial components of 
the pseudo-quadrimomentum show compatibility. 

Witten in 1981 [9], proved that within a semic

metric is homogeneous and isotropic, for the co-moving 
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4. Final Comments and Conclusions 

an (2012 

proach, Minkowski’s space was in the ground state of 
energy, which was zero-valued. He also showed that in 
Classical General Relativity, this space also was the uni- 
que space of lowest energy. This last result was obtained 
with spinor calculus, and thus could be extended to high- 
er dimensions whenever spinors existed. The proof was 
obtained through the study of the limit 0h   of a su- 
pergravity argument by Deser and Teite , in 1977 
[45], and by Grisaru, in 1978 [46], where h stands for 
Planck’s constant. 

The conclusion o
as also stable, because perturbations in the form of gra- 

vitational waves should not decrease the total energy, be- 
cause it is known that gravitational waves have positive 
energy. We now conclude that our Universe is also stable, 
due to the reparametrization above. But, first, let us deal 
with some conceptual issues. 

We have three kinds of st
ysical system shows a tendency to decay into its state 

of minimum energy, the criterion states that the system 
should not be able to collapse into a series of infinitely 
many possible negative levels of energy. There should be 
a minimum level, usually zero-valued, which is possible 
for the physical system; 2) The matter inside the system 
must not be possibly created out of nothing,or else, the 
bodies should have positive energy; 3) “Small” distur- 
bances should not alter a state of equilibrium of the sys- 
tem (it tends to return to the original equilibrium state). 
In the case of the Universe, disturbances, of course, can- 
not be external. 

According wit
alkers Universe is locally and globally stable, when- 

ever Classical Physics is concerned. Now, Berman and 
Trevisan (in 2010 [47]), have shown that Classical Ge- 
neral Relativity can be used to describe the scalefactor of 
the Universe even inside Plancks zone, provided that we 
consider that the calculated scale-factor behaviour ref- 
lects an average of otherwise uncertain values, due to 
Quantum fluctuations, as Berman and Trevisan suggested 
in several papers at Los Alamos Archives, during the last 
decade, and in 2010, when it was published paper [47]. 

Berman and Gomide (2012 [41-43]) and Berm
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[38,39]) have obtained a zero-total energy proof for a ro- 
tating expanding Universe. The zero result for the spatial 
components of the energy-momentum-pseudotensor cal- 
culation, are equivalent to the choice of a center of Mass 
reference system in Newtonian theory, likewise the use 
of comoving observers in Cosmology. It is with this idea 
in mind, that we are led to the energy calculation, yiel- 
ding zero total energy, for the Universe, as an acceptable 
result: we are assured that we chose the correct reference 
system; this is a response to the criticism made by some 
scientists which argue that pseudotensor calculations de- 
pend on the reference system, and thus, those calcula- 
tions are devoid of physical meaning. 

Related conclusions should be consulted (see all Ber- 
m

shows, we may say that the 
U

f the Universe and zero-total energy were 
ve
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