arXiv:gr-qc/0607110 v2 2 Aug 2006

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity

Sezgin Aygün

Department of Physics, Art and Science Faculty, Çanakkale Onsekiz Mart University, 17020 Çanakkale, Turkey.

Çanakkale Onsekiz Mart University, Astrophysics Research Center, 17020 Çanakkale, Turkey. E-mail: saygun@comu.edu.tr

Melis Ayün

Department of Physics, Art and Science Faculty, Çanakkale Onsekiz Mart University, 17020 Çanakkale, Turkey.

Çanakkale Onsekiz Mart University, Astrophysics Research Center, 17020 Çanakkale, Turkey. E-mail: melisulu@comu.edu.tr

İsmail Tarhan

Department of Physics, Art and Science Faculty, Çanakkale Onsekiz Mart University, 17020 Çanakkale, Turkey.

Çanakkale Onsekiz Mart University, Astrophysics Research Center, 17020 Çanakkale, Turkey. E-mail: ismailtarhan@comu.edu.tr

Abstract. In this paper, considering the tele-parallel gravity versions of the Einstein, Bergmann-Thomson and Landau-Lifshitz energy-momentum prescriptions energy and momentum distribution of the universe based on the general Bianchi type I-III-V-V I_0 universe and its transforms type I, III, V, V I_0 metrics, respectively which includes both the matter and gravitational fields are found. We obtain that Einstein and Bergmann-Thomson definitions of the energy-momentum complexes give the same results, while Landau-Lifshitz’s energy-momentum definition does not provide same results for these type of metrics. This results are the same as a previous works of Aygün et al., the Authors investigate the same problem in general relativity by using the Einstein, Møller, Bergmann-Thomson, Landau-Lifshitz (LL) and Papapetrou’s definitions. Furthermore, we show that for the Bianci type-I and type-V I_0 all the formulations give the same result. These results supports the viewpoints of Banerjee- Sen, Xulu and Aydoġdu-Saltı. Another point is that our study agree with previous works of Cooperstock-Israelit, Rosen, Johri et al., Radinschi and Aygün et al.. This paper indicates an important point that these energy-momentum definitions agree with each other not only in general relativity but also in tele-parallel gravity.

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity2

1. Introduction

The absence of unique way of defining energy and momentum in general relativity has caused much debate. This subject continues to be one of the most active areas of research in general relativity. In spite of many attempts aimed at obtaining an adequate expression for local or quasi-local energy and momentum, there is still no generally accepted definition known. This has resulted in diverse viewpoints on this subject. In a series of papers, Cooperstock [1] hypothesized that in general relativity energy and momentum are located only to the regions of nonvanishing energy-momentum tensor and consequently the gravitational waves are not carriers of energy and momentum. This hypothesis has neither been proved nor disproved. Since the advent of Einstein’s energy-momentum complex, used for calculating energy and momentum in a general relativistic system, many energy-momentum complexes have been found, for instance, Tolman [2], Papapetrou [3], Landau-Lifshitz [4], Bergmann-Thomson [5], Møller [6], Weinberg [7], Qadir-Sharif [8] and tele-parallel gravity analogs of Einstein, Landau-Lifshitz, Bergmann-Thomson [9] and Møller [10] definitions. Recently energymomentum problem also argued in an alternative gravitation theory, namely tele-parallel gravity. Energy and momentum of the universe play an important role as they provide the first integrals of equations of motions, helping one to solve otherwise intractable problems[11]. There exists an opinion that the energy and momentum definitions are not useful to get finite and meaningful results in a given geometry. These complexes give the meaningful results when we transform the line-element into the quasi-Cartesian coordinates. The energy and momentum complex of Møller gives the possibility to make the calculations in any coordinate system. Rosen [12] calculated the total energy of a FRW metric and found it to be zero, using Einstein’s energy-momentum definitions. The total energy of the same universe is obtained by Johri et al. [13] with the Landau- Lifshitz energy-momentum complex. They found that it is zero at all times. Moreover, they showed that the total energy enclosed within any finite volume of a spatially flat FRW universe is vanishing. Banerjee and Sen [14] who considered Bianchi type-I spacetimes, showed that the energy-momentum density is zero everywhere, with the energymomentum definition of Einstein. Virbhadra and his collaborators have considered many space-time models and showed that several energy-momentum complexes give the same and acceptable results for a given space-time model [15, 16, 17]. Albrow[18] and Tryon[19] suggested that in our universe, all conserved quantities have to vanish. Tryon’s big bang model predicted a homogenous, isotropic and closed universe including of matter and anti-matter equally. They argue that any closed universe has zero energy. The subject of the energy-momentum distributions of the closed universes was opened by an interesting work of Cooperstock and Israelit[20]. They found the zero value energy for a closed homogenous isotropic universe described by a Friedmann- Robertson-Walker(FRW) metric in the context of general relativity. And in tele-parallel

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity3

gravity, there have been some attempts to show the tele-parallel gravitational energymomentum definitions give the same results as obtained by using the general relativistic ones [21, 22, 23, 24]. Aygün et al. [25, 26, 27, 28] have researched in detail energymomentum problem in the theory of general relativity and tele-parallel gravity by using different space times and different definitions, and the Authors[29] have investigated the same problem in general relativity by using the Einstein, Møller, Bergmann-Thomson, Landau-Lifshitz (LL) and Papapetrou’s definitions and found same results.

The basic purpose of this paper is to obtain the total energy and momentum for general Bianchi universe by using the energy-momentum expressions of Einstein, Bergmann-Thomson, Landau-Lifshitz in tele-parallel theory of gravity. We will proceed according to the following scheme. In the next section, we introduce our general spacetime model to be considered and give four special space-time mode as examples for our model. Next, in section 3, we give the energy and/or momentum definitions of Einstein, Bergmann-Thomson and Landau-Lifshitz in the tetrad theory of gravity and then compute the energy-momentum density. (due to matter and fields including gravitation) associated with our general model. In section 4, gives us some special cases of our energy solutions. Finally, we summarize and discuss our results. Throughout this paper, the Latin indices (i,j,...) represent the vector number and the Greek (μ, ν...) represent the vector components; all indices run 0 to 3. We use geometrized units where G = 1 and c = 1.

2. The General Bianchi Type I-III-V-V I_0 Space Time

The Bianchi cosmologies play an important role in theoretical cosmology and have been much studied since the 1960s. A Bianchi cosmology represents a spatially homogeneous universe, since by definition the space-time admits a three-parameter group of isometries whose orbits are spacelike hyper-surfaces. These model can be used to analyze aspects of the physical Universe which pertain to or which may be affected by anisotropy in the rate of expansion, for example, the cosmic microwave background radiation, nucleosynthesis in the early universe, and the question of the isotropization of the universe itself [30]. Spatially homogeneous cosmologies also play an important role in attempts to understand the structure and properties of the space of all cosmological solutions of Einstein field equations. Also, the FRW models have played a significant role in cosmology. Whether or not these models correctly represent the universe known, but it is believed that they provide good global approximations of the present universe. These models are characterized by spatial homogeneity and isotropy. In recent decades, theoretical interest in anisotropic cosmological model has increased. In modern cosmology, the spatially homogeneous and anisotropic Bianchi models, which are in some sense between FRW models and completely inhomogeneous and anisotropic universes, play an important role.

Here we consider the general Bianchi type I-III-V-V I_0 space-time is defined by the

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity4

line element

ds^2 = −dt^2 + A^2dx^2 + B^2e^{2αx}dy^2 + C^2e^{2βx}dz^2. (1)

where the metric potentials A,B,C are functions of cosmic time t only and α, β are constants.

The metric given by Eq. (1) reduces to some well-known space-times in special cases.

1.) When α = β = 0, the line element describes the well-known Bianchi-I type metric.

2.)When α = −1 and β = 0, the line element describes the well-known Bianchi-III type metric.

3.) When α = β = −1, the line element describes the well-known Bianchi-V type metric.

4.) When α = −β = −1, the line element describes the well-known Bianchi-V I_0 type metric. The matrix form of the metric tensor g_{μν} for the line-element (1) is defined by A(t)^2 0 0 0 0 B(t)^2e^{2αx} 0 0 0 0 C(t)^2e^{2βx} 0 0 0 0 −1

, (2)

and its inverse matrix g^{μν} is

A(t)^{−2} 0 0 0 0 B(t)^{−2}e^{−2αx} 0 0 0 0 C(t)^{−2}e^{−2βx} 0 0 0 0 −1

, (3)

The non-trivial tetrad field induces a tele-parallel structure on space-time which is directly related to the presence of the gravitational field, and the Riemannian metric arises as

g_{μν} = η_{ab}h^a_μh^b_ν (4)

Using this relation, we obtain the tetrad components:

h^a_μ = δ^a_0 δ^0_μ + Aδ^a_1 δ^1_μ + Be^{αx}δ^a_2 δ^2_μ + Ce^{βx}δ^a_3 δ^3_μ (5)

and its inverse is

h^μ_a = δ^0_aδ^μ_0 + A^{−1}δ^1_aδ^μ_1 + B^{−1}e^{−αx}δ^2_aδ^μ_2 + C^{−1}e^{−βx}δ^3_aδ^μ_3 (6)

For the line-element which describes the General Bianchi type I-III-V-V I_0 spacetime, one can introduce the tetrad basis θ^0 = dt, θ^1 = Adx, θ^2 = Be^{αx}dy, θ^3 = Ce^{βx}dz. (7)

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity5

3. Energy Momentum in Tele-parallel Gravity

The tele-parallel gravity is an alternative approach to gravitation and corresponds to a gauge theory for the translation group based on Weitzenböck geometry [31]. In the theory of the tele-parallel gravity, gravitation is attributed to torsion [32], which plays the role of a force [33], and the curvature tensor vanishes identically. The essential field is acted by a nontrivial tetrad field, which gives rise to the metric as a by-product. The translational gauge potentials appear as the nontrivial item of the tetrad field, so induces on space-time a tele-parallel structure which is directly related to the presence of the gravitational field. The interesting place of tele-parallel gravity is that, due to its gauge structure, it can reveal a more appropriate approach to consider some specific problem. This is the situation, for example, in the energy and momentum problem, which becomes more transparent when considered from the tele-parallel point of view.

The Einstein, Bergmann-Thomson and Landau-Lifshitz’s energy-momentum complexes in tele-parallel gravity[34] are respectively: hE^μ_ν = 1 4π ∂_λ(U^{μλ}_ν ) (8) hB^{μν} = 1 4π ∂_λ(g^{μβ} U^{νλ}_β ) (9) hL^{μν} = 1 4π ∂_λ(hg^{μβ} U^{νλ}_β ) (10)

where U^{νλ}_β is the Freud’s super-potential, which is given by:

U^{νλ}_β = hS^{νλ}_β . (11)

where h = det(h^a_μ) and S^{μνλ} is the tensor

S^{μνλ} = m_1T^{μνλ} + m_2 2 (T^{νμλ} − T^{λμν} ) + m_3 2 (g^{μλ}T^{βν}_β − g^{νμ}T^{βλ}_β ) (12)

with m_1, m_2 and m_3 the three dimensionless coupling constants of tele-parallel gravity [35]. For the tele-parallel equivalent of general relativity the specific choice of these three constants are:

m_1 = 1 4 , m_2 = 1 2 , m_3 = −1 (13)

To calculate this tensor, firstly we must calculate Weitzenböck connection:

Γ^α_{μν} = h^α_a ∂_ν h^a_μ (14)

and torsion of the Weitzenböck connection:

T^μ_{νλ} = Γ^μ_{λν} − Γ^μ_{νλ} (15)

The energy-momentum complexes of Einstein, Bergmann-Thomson and Landau- Lifshitz in the tele-parallel gravity are given by the following equations, respectively,

P^E_μ = ∫ Σ hE^0_μdxdydz, (16)

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity6 P^B_μ = ∫ Σ hB^0_μdxdydz, (17) P^L_μ = ∫ Σ hL^0_μdxdydz, (18) P_μ is called the momentum four-vector, P_i give momentum components P_1, P_2, P_3, P_4 and P_0 gives the energy and the integration hyper-surface Σ is described by x^0 = t = cons.

From Eq. (14), the non-vanishing Weitzenböck connection components are obtained as Γ^1_{10} =^{At}_A , Γ^2_{20} =^{Bt}_B , Γ^3_{30} =^{Ct}_C , Γ^2_{21} = α, Γ^3_{31} = β,

(19)

where t indices describe the derivative with respect to t. The corresponding nonvanishing torsion components are obtained as T^1_{10} = −T^1_{01} = −^{At}_A , T^2_{12} = −T^2_{21} = α, T^2_{20} = −T^2_{02} = −^{Bt}_B , T^3_{13} = −T^3_{31} = β, T^3_{30} = −T^3_{03} = −^{Ct}_C ,

(20)

Using these results with Eq. (12), the non-vanishing components of the tensor S^{μνλ} are obtained as

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity7

S^{110} = −S^{101} = −^{(BC)t}_{2A2BC} , S^{212} = −S^{221} = −^{e−2αxβ}_{B2A2} , S^{220} = −S^{202} = −^{e−2αx (AC)t}_{B2AC}

S^{313} = −S^{331} = −^{e−2βx α}_{C2 A2} S^{330} = −S^{303} = −^{e−2βx (AB)t}_{C2AB}

S^{010} = −S^{001} =^{α+β}_{2A2}

(21)

From Eq. (11), the non-vanishing components of Freud’s super potential are calculated as U^{10}_1 = −U^{01}_1 = −^1_2 Ae^{x(α+β)}(BC)_t, U^{12}_2 = −U^{21}_2 = −^1_2^{BCβex(α+β)}_A , U^{20}_2 = −U^{02}_2 = −^1_2 Be^{x(α+β)}(AC)_t, U^{13}_3 = −U^{31}_3 = −^1_2^{αBCex(α+β)}_A , U^{30}_3 = −U^{03}_3 = −^1_2 Ce^{x(α+β)}(AB)_t, U^{10}_0 = −U^{01}_0 = −^1_2^{BCex(α+β) (α+β)}_A ,

(22)

Substituting Eq. (22) into Eqs. (8), (9) and (10), we get Einstein, Bergmann-Thomson and Landau-Lifshitz energy-momentum densities in tele-parallel gravity, respectively. hE^0_0 =^{BCex(α+β) (α+β)2} 8πA , hE^0_1 =^{A(α+β)ex(α+β) (BC)t} 8π , hE^0_2 = 0, hE^0_3 = 0,

(23)

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity8 hB^0_0 =^{BCex(α+β) (α+β)2} 8πA , hB^0_1 =^{A(α+β)ex(α+β) (BC)t} 8π , hB^0_2 = 0, hB^0_3 = 0,

(24)

hL^0 =^1_4^{B2(α+β)2C2 e2x(α+β)} π , hL^0_1 =^1_4^{A2 BC(α+β)(BC)te2x((α+β))} π , hL^0_2 = 0, hL^0_3 = 0,

(25)

These results of energy and momentum distribution in general Bianchi type I-III-V- V I_0 space-time in Tele-parallel gravity and Einstein’s theory of general relativity have been summarized in Table.1. and Table.2.

Table.1 Energy and momentum densities for general Bianchi type I-III-V-V I_0 spacetime in Tele-parallel gravity.

Tele-parallel Gravity Energy Density Momentum Density

Bergmann-Thomson hB^0_0 =^{BC(ex(α+β) )(α+β)2}_{8πA} hB^0_1 =^{A(α+β)ex(α+β) (BC)t}_{8π} Einstein hE^0_0 =^{BCex(α+β) (α+β)2}_{8πA} hE^0_1 =^{A(α+β)ex(α+β) (BC)t}_{8π} Landau-Lifshitz hL^0 =^1_4^{B2C2 e2x(α+β) (α+β)2}_π hB^0_1 =^1_4^{A2 BCe2x(α+β) [(α+β)(BC)t]}_π

These results are same as previous study of the Authors[29] and represents in Table.2.

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity9 Table.2 The energy and momentum densities for general Bianchi type I-III-V-V I_0 space-time in Einstein’s theory of general relativity.

General Relativity Energy Density Momentum Density

Bergmann-Thomson Ξ^0 =^{BCex(α+β) (α+β)2}_{8πA} Ξ^0_1 =^{A(α+β)ex(α+β) (CB)t}_{8π}

Einstein Θ^0 =^{BCex(α+β) (α+β)2}_{8πA} Θ^0_1 =^{A(α+β)ex(α+β) (CB)t}_{8π}

Landau-Lifshitz Ω^0 =^1_4^{B2C2 e2x(α+β) (α+β)2}_π Ω^0_1 =^1_4^{A2 BCe2x(α+β) [(α+β)(BC)t]}_π

4. Energy Momentum distributions for the special cases of the general metric In this section, we give us some special cases of our energy and momentum solutions.

1.)When α = β = 0 in the metric Eq. (1), we obtain Bianchi type I universe defined by the line element;

ds^2 = −dt^2 + A^2dx^2 + B^2dy^2 + C^2dz^2. (26) The Bianchi type-I solutions; one can easily find the following result for the given metric, hE^0_0 = hB^0_0 = hL^0 = 0, hE^0_1 = hB^0_1 = hL^0_1 = 0, hE^0_2 = hB^0_2 = hL^0_2 = 0, hE^0_3 = hB^0_3 = hL^0_3 = 0,

(27)

2.)When α = −1 and β = 0 in general Bianchi type I-III-V-V I_0 space-time Eq. (1), we obtain Bianchi type III metric is defined by the line element; ds^2 = −dt^2 + A^2dx^2 + B^2e^{−2x}dy^2 + C^2dz^2. (28)

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity10 The Bianchi type-III solutions; one can easily find the following result for the given metric, hE^0_0 = hB^0_0 =^1_{8π}^{CBe−x}_A ,

hE^0_1 = hB^0_1 = −^{Ae−x (BC)t}_{8π} ,

hE^0_2 = hB^0_2 = 0, hE^0_3 = hB^0_3 = 0,

(29)

hL^0 =^1_4^{B2C2 e(−2x)}_π ,

hL^0_1 = −^1_4^{A2BCe(−2x) (BC)t} π , hL^0_2 = hL^0_3 = 0,

(30)

3.)The study of Bianchi type-V cosmological models create more interest as these models contain isotropic special cases and permit arbitrarily small anisotropy levels at some instant of cosmic time. This property make then suitable as model of our universe. Also Bianchi type-V models are more complicated than the simplest Bianchi type models e.g. the Einstein tensor has off-diagonal terms so that it is more natural to include tilt and heat conduction. Space time model od Bianchi type I, V, IX universes are the generalizations of FRW models and it will be interesting to construct cosmological models of the types which are of class one. In this section give us total energy momentum of the universe based on Bianchi type-V metric. For α = β = −1 in general metric, we obtain Bianchi type V metric is defined by the line element; ds^2 = −dt^2 + A^2dx^2 + e^{−2x}[B^2dy^2 + C^2dz^2]. (31) The Bianchi type-V solutions; one can easily find the following result for the given metric, hE^0_0 = hB^0_0 =^1_{2π}^{BCe−2x}_A ,

hE^0_1 = hB^0_1 = −^1_4^{Ae−2x (BC)t}_π ,

hE^0_2 = hB^0_2 = 0,

hE^0_3 = hB^0_3 = 0,

(32)

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity11

hL^0 =^{B2C2 e(−4x)}_π , hL^0_1 = −^{A2 BCe(−4x)(BC)t} 2π , hL^0_2 = hL^0_3 = 0,

(33)

4.) When α = −β = −1 in general Bianchi type I-III-V-V I_0 space-time, we get Bianchi type V I_0 metric is defined by the line element;

ds^2 = −dt^2 + A^2dx^2 + B^2e^{−2x}dy^2 + C^2e^{2x}dz^2. (34)

The Bianchi type-V I_0 solutions; one can easily find the following result for the given metric,

hE^0_0 = hB^0_0 = hL^0 = 0,

hE^0_1 = hB^0_1 = hL^0_1 = 0,

hE^0_2 = hB^0_2 = hL^0_2 = 0,

hE^0_3 = hB^0_3 = hL^0_3 = 0,

(35)

5. Summary and Discussion

The subject of energy-momentum localization has generated great deal of interest in both general relativity and tele-parallel gravity, although it has been the focus of some debate. In this paper, we used the general Bianchi type I-III-V-V I_0 space-time and calculated the energy-momentum density with four Bianchi metrics for this spacetime. We investigated the Bergmann-Thomson, Einstein and Landau-Lifshitz energymomentum definitions in tele-parallel gravity version and this results are exactly same as a previous works of Aygün et al., they investigated the same problem in general relativity by using the Einstein, Møller, Bergmann-Thomson, Landau-Lifshitz (LL), Papapetrou’s definitions. We found that these two gravitational theories give the same result for the total energy and momentum in General relativity and Tele-parallel gravity: E_{GR} = E_{T P} , M_{GR} = M_{T P} . This paper demonstrates the important point that these energy momentum definitions are identical not only in general relativity but also in teleparallel gravity. However, we found that; The Einstein and Bergmann-Thomson energy-momentum distributions are exactly same in general and other Bianchi type metrics. The second and third momentum distributions (P^2 = P^3 = 0) are equal each other and zero in all deal with Bianchi types metrics. All energy and momentum descriptions are identically

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity12

same and zero in Bianchi type I and V I_0 metrics, because the energy contributions from the matter and gravitational field inside an arbitrary two-surface in the case of the anisotropic model of the universe based on Bianchi type V I_0 metric, cancel each other. These results in Bianchi type I and V I_0 universes agree with the previous work of Benerjee-Sen, Xulu, Rosen for Bianchi type-I metric and agree with Radinschi [36],[37] for Bianchi V I_0 metric. Also Bianchi type I and V I_0 metrics are independent of the teleparallel dimensionless coupling constants, which means that it is valid not only in the tele-parallel equivalent of general relativity, but also in any tele-parallel model. These solutions can be seen in Table.1. and Table.2. The results advocate the importance of energy-momentum complexes.

6. Acknowledgments

The authors would like to thank Mustafa Saltı, Oktay Aydoġdu and Murat Korunur for corrections and suggestions in the manuscript.

7. References

[1] F.I. Cooperstock and S.A. Richardson, in Proc. 4th Canadiand Conf. on General Relativity and Relativistic Astrophysics, (World Scientific, Singapore) (1991).

[2] R.C. Tolman, Relativity, Thermodinamics and Cosmology (Oxford Univ. Pres. London, P.227) (1934).

[3] A. Papapetrou, Proc. R.Irish. Acad. A52, 11 (1948).

[4] L.D. Landau and E.M. Lifshitz, The Classical theory of fields (Pergamon Press, 4th Edition, Oxford) (Reprinted in 2002).

[5] P.G. Bergmann and R. Thomson, Phys.Rev. 89, 400 (1953). [6] C. Møller, Ann. Phys. (NY) 12, 118 (1961).

[7] S. Weinberg, Gravitation and Cosmology: Principle and Applications of General Theory of Relativity (John Wiley and Sons, Inc., New York) (1972).

[8] A. Qadir and M. Sharif, Phys. Lett. A 167, 331 (1992). [9] T. Vargas, Gen. Rel. and Grav. 36, 1255 (2004).

[10] F.I. Mikhail, M.I. Wanas, A. Hindawi and E.I. Lashin, Int. J. Theor. Phys. 32, 1627 (1993). [11] E. Namad-Achar and B.F. Schutz, Gen. Rel. Gravit. 19, 7 (1987) [12] N. Rosen, Gen. Rel. Grav. 26 (1995) 323.

[13] J.B. Johri, D. Kalligas, G.P. Singh and C.W.F. Everitt, Gen. Rel. Grav. 27 (1995) 323. [14] N. Banerjee and S. Sen, Pramana J. Phys. 49 (1997) 609.

[15] I. Radinschi, Fizika B 9 (2000) 43; Chin. J. Phys. 42 (2004) 40; Fizika B 14 (2005) 3; Mod. Phys.

Lett. A 17 (2002) 1159; U.V.T., Physics Series 42 (2001) 11; Mod. Phys. Lett. A 16 (2001) 673. [16] K.S. Virbhadra, Phys. Rev. D 41 (1990) 1086. [17] K.S. Virbhadra, Phys. Rev. D 42 (1990) 2919. [18] M.G. Albrow, Nature 241, 56 (1973) [19] E.P. Tryon, Nature 246, 396 (1973) [20] F. I. Cooperstock, Gen. Rel. Gravit. 26, 323 (1994); F. I. Cooperstock and M. Israelit, Found. of Phys 25, 631 (1995) [21] M. Saltı and A. Havare, Int. J. Mod. Phys. A 20 (2005) 2169; M. Saltı, Ast rophys. Space Sci.

299 (2005) 159; Mod. Phys. Lett. A 20 (2005) 2175. [22] M. Saltı and O. Aydogdu, Found. Phys. Lett. 19 (2006) 269.

Energy Momentum Localization for Bianchi Type I-III-V-VI0 Universe in Tele-parallel Gravity13

[23] O. Aydogdu, Int. J. Mod. Phys. A , to appear [gr-qc/0601070]; Int. J. Mod. Phys. D, to appear [gr-qc/0509047]; Fortschritte der Physik, to appear [gr-qc/0602070].

[24] O. Aydogdu, M. Saltı and M. Korunur, Acta Phys. Slov. 55 (2005) 537; A. Havare, M. Korunur and M. Saltı, Astrophys. Space Sci. 301 (2006) 43.

[25] S. Aygün, M. Aygün, İ. Tarhan, gr-qc/0607102.

[26] S. Aygün, M. Aygün, İ. Tarhan, (Accepted for publication in Acta Physica Polonica B), gr-qc/0606080.

[27] S. Aygün, H. Baysal, İ. Tarhan, gr-qc/0607109. [28] S. Aygün, H. Baysal, İ. Tarhan, gr-qc/0607089. [29] S. Aygün, M. Aygün, İ. Tarhan, gr-qc/0607103.

[30] M.A.H. MacCallum, Einstein Centenary Survey, Cambridge Univ. Press. (1979). [31] R. Weitzenböck, Invarianttent theorie(Gronningen: Noordhoff) [32] K. Hayashi and T. Shirafuji, Phys. Rev. D 19 (1978) 3524. [33] V.V. de Andrade and J.G. Pereira, Phys. Rev. D 56 (1997) 4689. [34] T. Vargas, Gen. Rel. Gravit. 36, 1255 (2004) [35] K. Hayashi and T. Shirafuji Prog. Theor. Phys. 64 (1980) 866; 65 (1980) 525. [36] I. Radinschi, Chinese J. of. Phys. 39 (2001) 5. [37] I. Radinschi, Chinese J. of. Phys. 39 (2001) 3.