arXiv:gr-qc/0607089 v1 21 Jul 2006

ENERGY AND MOMENTUM OF THE SZEKERES UNIVERSES IN TELE-PARALLEL GRAVITY

S. AYGÜN†, İ. TARHAN†, H. BAYSAL‡

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

†Çanakkale Onsekiz Mart University, Astrophysics Research Center, 17020 Çanakkale, Turkey

‡Department of Secondary Science and Mathematics Education, Faculty of Education, Çanakkale Onsekiz Mart University, 17020 Çanakkale, Turkey

In order to evaluate the energy distribution (due to matter and fields including gravitation) associated with a space-time model of Szekeres class I and II metrics, we consider the Einstein, Bergmann-Thomson and Landau- Lifshitz energy and/or momentum definitions in the tele-parallel gravity (the tetrad theory of gravitation). We find the same energy distribution using Einstein and Bergmann-Thomson formulations, but we also find that the energy-momentum prescription of Landau-Lifshitz disagree in general with these definitions. This results are the same as a previous works of Aygün et al., they investigated the same problem in general relativity by using Einstein, Bergman-Thomson, Møller and Landau-Lifshitz (LL) energy-momentum complexes.

PACS numbers: 04.20.-q, 04.20.Cv, 04.20.Jb

1. Introduction

The issue of energy localization was first discussed during the early years after the development of general relativity and debate continued for decades. There are different attempts to find a general accepted definition of the energy density for the gravitational field. However, there is still no generally accepted definition known. The foremost endeavor was made by Einstein [1] who suggested a definition for energy-momentum distribution. Following this definition, many physicists proposed different energy-momentum complexes: e.g. Tolman [2], Landau and Lifshitz [3], Papapetrou [4], Bergmann and Thomson [5], Weinberg [6], Qadir and Sharif [7] and Møller [8]. Except (1) for the Møller definition, others are restricted to calculate the energy and momentum distributions in quasi-Cartesian coordinates to get a reasonable and meaningful result.

Despite these drawbacks, some interesting results obtained recently leads to the conclusion that these definitions give exactly the same energy distribution for any given space-time [9]-[27]. However, some examples of spacetimes have been explored which do not support these results [28]-[32].

The problem of energy-momentum localization can also be reformulated in the context of tele-parallel gravity [33, 34, 35]. By working in the context of tele-parallel gravity, Vargas [35] obtained the tele-parallel version of both Einstein and Landau-Lifshitz energy-momentum complexes. He used these definitions and found that the total energy is zero in Friedmann-Robertson- Walker space-time. His results are the same as those calculated in general relativity. Salti and his collaborators [36]-[39] considered different spacetimes for various definitions in tele-parallel gravity to obtain the energymomentum distribution in a given model. Their results agree with the previous results obtained in the theory of general relativity.

The basic purpose of this paper is that using the energy-momentum definitions of Einstein, Bergmann-Thomson and Landau-Lifshitz in teleparallel gravity to obtain the total energy associated with Szekeres type I and II space times. We will proceed according to the following scheme. In the next section,we briefly present the Szekeres Universes. Then, in Sec. III, we give Szekeres type II space-time and its tetrad components. In Sec. IV, we give Szekeres type I space-time and its tetrad components. In Sec. V, we present the energy-momentum definitions of Einstein, Bergmann- Thomson and Landau-Lifshitz in tele-parallel gravity. In Sec. VI gives us the Szekeres class I and class II solutions. Finally, Sec. VII is devoted to concluding remarks. Throughout this paper we choose units such that G = 1 and c = 1 and follow the convention that indices take values from 0 to 3 otherwise stated.

2. The Szekeres Class I and Szekeres Class II Space-Times

Szekeres [40] derived a remarkable set of inhomogeneous exact solutions of Einstein’s field equations without cosmological constant. The source of curvature of the models is an expanding, irrotational, and geodesic dust. These solutions are divided into two classes usually denoted by I and II. The class I solutions are usually presented in a way that is formally analogous to the Tolman-Bondi spherically-symmetric solutions, which they generalize. This class of solutions has primarily been used to model non-spherical collapse of an inhomogeneous dust cloud [41]. The class II solutions are usually considered as generalizations of the Kantowski-Sachs [42] and Friedmann-

Robertson -Walker (FRW) solutions and have primarily been studied as cosmological models [43]. Those of class II are more important as cosmological models, because they can closely approximate, over a finite time interval, the FRW dust models.

In this section, we introduce the Szekeres class II and Szekeres class I metrics and then using these space-times we make some required calculations.

3. The Szekeres Class II Model The Szekeres class II space-time is defined by the line element [44] ds^2 = −dt^2 + Q^2dx^2 + R^2(dy^2 + h^2dz^2). (1) where Q=Q(x,y,z,t), R=R(t) and h=h(y) are functions to be determined. For the line element (1), g_{μν} is defined by g_{μν} = −δ^0_μδ^0_ν + Q^2δ^1_μδ^1_ν + R^2δ^2_μδ^2_ν + (Rh)^2δ^3_μδ^3_ν (2) and its inverse g^{μν} g^{μν} = −δ^μ_0 δ^ν_0 + Q^{−2}δ^μ_1 δ^ν_1 + R^{−2}δ^μ_2 δ^ν_2 + (Rh)^{−2}δ^μ_3 δ^ν_3 (3) The non-trivial tetrad field induces a tele-parallel structure on spacetime 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 + Qδ^a_1 δ^1_μ + Rδ^a_2 δ^2_μ + Rhδ^a_3 δ^3_μ (5) and its inverse is

h^μ_a = δ^0_aδ^μ_0 + Q^{−1}δ^1_aδ^μ_1 + R^{−1}δ^2_aδ^μ_2 + (Rh)^{−1}δ^3_aδ^μ_3 (6) For the line-element which describes the Szekeres Type II space universe, one can introduce the tetrad basis

θ^0 = dt, θ^1 = Qdx, θ^2 = Rdy, θ^3 = (Rh)dz. (7)

4. The Szekeres Class I Model The Szekeres class I space-time is defined by the line element ds^2 = −dt^2 + e^{2B}(dx^2 + dy^2) + e^{2A}dz^2. (8) where A = A(x, y, z, t), B = B(x, y, z, t) are functions to be determined. g_{μν} = −δ^0_μδ^0_ν + e^{2B}δ^1_μδ^1_ν + e^{2B}δ^2_μδ^2_ν + e^{2A}δ^3_μδ^3_ν (9) and its inverse g^{μν}

g^{μν} = −δ^μ_0 δ^ν_0 + e^{−2B}δ^μ_1 δ^ν_1 + e^{−2B}δ^μ_2 δ^ν_2 + e^{−2A}δ^μ_3 δ^ν_3 (10) The non-trivial tetrad field induces a tele-parallel structure on spacetime 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 (11) Using this relation, we obtain the tetrad components:

h^a_μ = δ^a_0 δ^0_μ + e^Bδ^a_1 δ^1_μ + e^B δ^a_2 δ^2_μ + e^Aδ^a_3 δ^3_μ (12) and its inverse is

h^μ_a = δ^0_aδ^μ_0 + e^{−B} δ^1_aδ^μ_1 + e^{−B} δ^2_aδ^μ_2 + e^{−A}δ^3_aδ^μ_3 (13) For the line-element which describes the Szekeres Type I space universe, one can introduce the tetrad basis

θ^0 = dt, θ^1 = e^B dx, θ^2 = e^B dy, θ^3 = e^Adz. (14)

5. 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 [45]. In the theory of the tele-parallel gravity, gravitation is attributed to torsion [46], which plays the role of a force [47], 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[48] are respectively: hE^μ_ν = 1 4π ∂_λ(U^{μλ}_ν ) (15)

hB^{μν} = 1 4π ∂_λ(g^{μβ}U^{νλ}_β ) (16)

hL^{μν} = 1 4π ∂_λ(hg^{μβ}U^{νλ}_β ) (17)

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

U^{νλ}_β = hS^{νλ}_β . (18)

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 ) (19)

with m_1, m_2 and m_3 the three dimensionless coupling constants of teleparallel gravity [49]. 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 (20)

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

Γ^α_{μν} = h^α_a ∂_ν h^a_μ (21) and torsion of the Weitzenböck connection:

T^μ_{νλ} = Γ^μ_{λν} − Γ^μ_{νλ} (22) 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, (23) P^B_μ = ∫ Σ hB^0_μdxdydz, (24)

P^L_μ = ∫ Σ hL^0_μdxdydz, (25)

P_μ is called the momentum four-vector, P_i give momentum components P_1, P_2, P_3 and P_0 gives the energy and the integration hyper-surface Σ is described by x^0 = t = constant.

6. Solutions for Szekeres Type I and II Space-times This section gives us the energy and momentum of the universe based on class II and class I metrics in tele-parallel gravity, respectively.

6.1. Solutions in Szekeres Class II Model Using the above tetrad and its inverse in Eqs. (5) and (6), we get the following non-vanishing Weitzenböck connection components

Γ^1_{11} =^{Qx}_Q , Γ^1_{12} =^{Qy}_Q , Γ^1_{13} =^{Qz}_Q , Γ^1_{10} =^{Qt}_Q , Γ^2_{20} =^{Rt}_R , Γ^3_{32} =^{hy}_h , Γ^3_{30} =^{Rt}_R ,

(26)

where x, y, z and t indices describe the derivative with respect to x, y, z and t. The corresponding non-vanishing torsion components are found

T^1_{12} = −T^1_{21} = −^{Qy}_Q , T^1_{13} = −T^1_{31} = −^{Qz}_Q , T^1_{10} = −T^1_{01} = −^{Qt}_Q , T^2_{20} = −T^2_{02} = −^{Rt}_R , T^3_{23} = −T^3_{32} =^{hy}_h , T^3_{30} = −T^3_{03} = −^{Rt}_R ,

(27)

Taking these results into Eq. (19), the non-zero energy components of the tensor S^{μνλ} are found as: S^{112} =^1_2^{hy}_{Q2R2h} , S^{110} = −^{Rt}_{Q2R} , S^{223} =^1_2^{Qz}_{R4h2 Q} S^{220} = −^1_2^{(RQ)t}_{R3Q} S^{323} = −^1_2^{Qy}_{R4h2 Q} S^{330} = −^1_2^{(QR)t}_{R3h2 Q} S^{020} =^1_2^{(Qh)y}_{R2Qh} S^{030} =^1_2^{Qz}_{R2h2 Q} S^{002} = −^1_2^{(Qh)y}_{R2Qh} S^{003} = −^1_2^{Qz}_{R2h2 Q}

(28)

Using these components and the Eqs. (15), (16) and (17), we obtain the energy and momentum densities in the sense of Einstein, Bergmann- Thomson and Landau-Lifshitz respectively, as follows

hE^0_0 =^1_{8π}^{2hQy hy +h2 Qyy+hQhyy +Qzz} h , hE^0_1 = −^{RhRtQx}_{4π} , hE^0_2 =^{R(RQthy +hRtQy +QRthy +RhQty )} 8π , hE^0_3 =^{hR(QzRt+Qtz R)}_{8π} ,

(29)

hB^0 =^1_{8π}^{2hQyhy +h2 Qyy+hQhyy +Qzz} h , hB^0_1 = −^{RhRtQx}_{4π} , hB^0_2 =^{R(RQthy +hRtQy +QRthy +RhQty )} 8π , hB^0_3 =^{hR(QzRt+Qtz R)}_{8π} ,

(30)

hL^0 =^1_8^{R2 (Q2yh2+4QQy hhy +h2y Q2+QQyyh2 +Q2hhyy +Q2z +QQzz )} π , hL^0_2 =^1_8^{R3h(2QyhRtQ+QyhQtR+2hy Q2Rt+2hy QRQt+hQRQty )} π , hL^0_3 =^{R3h2}_8^{(2QzRtQ+Qz QtR+QQtzR)} π , (31)

6.2. Solutions in Szekeres Class I Model Using the above tetrad and its inverse in Eqs. (5) and (6), we get the following non-vanishing Weitzenböck connection components

Γ^1_{11} = Γ^2_{21} = B_x, Γ^1_{12} = Γ^2_{22} = B_y, Γ^1_{13} = Γ^2_{23} = B_z, Γ^1_{10} = Γ^2_{20} = B_t, Γ^3_{31} = A_x, Γ^3_{32} = A_y , Γ^3_{33} = A_z , Γ^3_{34} = A_t,

(32)

where x, y, z and t indices describe the derivative with respect to x, y, z and t. The corresponding non-vanishing torsion components are found

T^1_{12} = −T^1_{21} = −B_y , T^1_{13} = −T^1_{31} = T^2_{23} = −T^2_{32} = −B_z , T^1_{10} = −T^1_{01} = T^2_{20} = −T^2_{02} = −B_t, T^2_{21} = −T^2_{12} = −B_x, T^3_{13} = −T^3_{31} = −A_x, T^3_{23} = −T^3_{32} = A_y , T^3_{30} = −T^3_{03} = −A_t,

(33)

Taking these results into Eq. (19), the non-zero energy components of the tensor S^{μνλ} are found as:

S^{112} =^1_2 e^{(−4B)}A_y , S^{113} = S^{223} =^1_2 B_ze^{−2(A+B)}, S^{110} = S^{220} = −^1_2 e^{(−2B)}(B_t + A_t) S^{212} = −^1_2 e^{(−4B)}A_x S^{313} = −^1_2 B_xe^{−2(A+B)} S^{323} = −^1_2 B_ye^{−2(A+B)} S^{330} = −e^{(−2A)}B_t S^{010} =^1_2 (B_x + A_x)e^{−2B} S^{020} =^1_2 (B_y + A_y )e^{−2B} S^{003} = −^1_2^{Qz}_{R2h2 Q}

(34)

Using these components and the Eqs. (15), (16) and (17) we obtain the energy and momentum densities in the sense of Einstein, Bergmann- Thomson and Landau-Lifshitz respectively, as follows

hE^0_0 =^1_{8π} [e^A(B_xA_x + A^2_x + B_{xx} + A_{xx} + A_y B_y + A^2_y + B_{yy} + A_{yy} ) +2e^{2B−A}(2B^2_z − B_zA_z + B_{zz} )],

hE^0_1 =^1_{8π} [e^{(2B+A)}(A_xB_t + A_xA_t + B_{tx} + A_{tx})],

hE^0_2 =^1_{8π} [e^{(2B+A)}(B_tA_y + A_y A_t + B_{ty} + A_{ty} )],

hE^0_3 = −^1_{4π} [e^{(2B+A)}(B_tA_z − 2B_zB_t − B_{tz})],

(35) hB^0 =^1_{8π} [e^A(B_xA_x + A^2_x + B_{xx} + A_{xx} + A_y B_y + A^2_y + B_{yy} + A_{yy} ) +2e^{2B−A}(2B^2_z − B_zA_z + B_{zz} )],

hB^0_1 =^1_{8π} [e^{(2B+A)}(A_xB_t + A_xA_t + B_{tx} + A_{tx})],

hB^0_2 =^1_{8π} [e^{(2B+A)}(B_tA_y + A_yA_t + B_{ty} + A_{ty} )],

hB^0_3 = −^1_{4π} [e^{(2B+A)}(B_tA_z − 2B_z B_t − B_{tz})],

(36)

hL^0 =^1_{8π} [e^{2(B+A)}(B_{xx} + 2B^2_x + 4B_xA_x + A_{xx} + 2A^2_x + B_{yy} + 2B^2_y + 4B_yA_y + A_{yy} + 2A^2_y ) + e^{4B}(8B^2_z + 2B_{zz})],

hL^0_1 =^{e2(A+2B)}_8^{(2BxBt+2AtBx+2Ax Bt+2Ax At+Btx +Atx )} π ,

hL^0_2 =^{e2(A+2B)}_8^{(2ByBt+2At By+2BtAy +2Ay At +Bty+Aty )} π ,

hL^0_3 =^{e2(A+2B)}_4^{(4BzBt+Btz )}_π , (37)

This results agree with the previous results obtained by Aygün et al. [50] in general relativity by using these different energy-momentum complexes.

7. Summary and Discussion

The subject of energy-momentum localization in the general theory of relativity and tele-parallel gravity has been very exciting and interesting; however it has been associated with some debate. Recently, some researchers have been interested in studying the energy content of the universe in various models.

The main propose of present paper is to show that it is possible to solve the problem of localization of energy in tele-parallel gravity by using the energy and momentum complexes. In this paper, we get the energy distributions of the inhomogeneous and anisotropic Szekeres cosmological models, we have considered three different energy and momentum complexes in tele-parallel gravity: e.g. Bergmann-Thomson, Einstein and Landau- Lifshitz. We found that; (i) the total energy and momentum (due to matter plus field) distribution in tele-parallel gravity for Einstein and Bergmann- Thomson formulations are exactly same in Szekeres class II type space-time and different definitions of this formulation agree with each other. (ii) but we also find that the energy-momentum prescription of Landau-Lifshitz disagree in tele-parallel gravity with these definitions. (iii) The total energy and momentum (due to matter plus field) distribution in tele-parallel gravity for Einstein and Bergmann-Thomson formulations are exactly same in Szekeres class I type space-time. (iv) But we also find that the energy-momentum prescription of Landau-Lifshitz disagree in Szekeres class I space time with these definitions. (v) This results are the same as a previous works of Aygün et al. [50]. The authors investigated the same problem in general relativity by using Einstein, Bergman-Thomson, Møller and Landau-Lifshitz (LL) energy-momentum complexes and found same results in Szekeres class I and II space times. (vi) From this point of view; both general relativity and teleparallel gravity are equivalent theories, that is the energy and momentum densities are the same, using different energy-momentum complexes, in both theories. (vii) In general relativity, except energy distribution (Θ^0 = Ξ^0) other components disagree each other in Szekeres type I space-time for Einstein and Bergmann-Thomson formulations, but in tele-parallel gravity, all components agree each other. (viii) This results advocate the importance of tele-parallel gravity.

REFERENCES

[1] A. Einstein, Sitzungsber. Preuss. Akad. Wiss. Berlin (Math. Phys.) 778 (1915). [2] R. C. Tolman, ”Relativity, Thermodynamics and Cosmology, (Oxford University Press, Oxford), p. 227 (1934).

[3] L. D. Landau and E. M. Lifshitz, ”The Classical Theory of Fields”, (Addison- Wesley Press, Reading, MA) p. 317 (1951).

[4] A. Papapetrou, Proc. R. Ir. Acad. A52, 11 (1948). [5] P. G. Bergmann and R. Thompson, Phys. Rev. 89, 400 (1953). [6] S. Weinberg, ”Gravitation and Cosmology: Principles and Applications of General Theory of Relativity” ( Wiley, New York) 165 (1972).

[7] A. Qader and M. Sharif, Phys. Lett. A 167, 331 (1992).

[8] C. Møller, Ann. Phys. (NY) 4, 347 (1958). [9] K. S. Virbhadra, Phys. Rev D41, 1086 (1990). [10] K. S. Virbhadra, Phys. Rev. D42, 1066 (1990). [11] K. S. Virbhadra, Phys. Rev. D42, 2919 (1990). [12] K. S. Virbhadra, Pramana-J. Phys. 45, 215 (1995).

[13] A. Chamorro and K. S. Virbhadra, Pramana-J. of Phys. 45, 181 (1995). [14] K. S. Virbhadra and J. C. Parikh , Phys. Lett. B317, 312 (1993). [15] K. S. Virbhadra and J. C. Parikh , Phys. Lett. B331, 302 (1994). [16] J. M. Aguirregabiria, A. Chamorro and K.S. Virbhadra, Gen. Relativ. Gravit.

28, 1393 (1996).

[17] K. S. Virbhadra , Phys. Rev. D60, 104041 (1999). [18] S. S. Xulu, Astrophys.Space Sci. 283, 23 (2003). [19] E. C. Vagenas, Int. J. Mod. Phys. A18 5781 (2003). [20] E. C. Vagenas, Int. J. Mod. Phys. A18 5949 (2003). [21] E. C. Vagenas, Mod. Phys. lett. A 19, 213 (2004). [22] E. C. Vagenas, Int.J.Mod.Phys.D 14,573 (2005).

[23] E. C. Vagenas, ”Energy distribuation in the dyadosphere of a Reissner- Nordström black hole in Høller’s prescraption”, gr-qc/0602107.

[24] S. S. Xulu, Mod. Phys. Lett. A15, 1511 (2000).

[25] A. Chamorro and K. S. Virbhadra, Int. J. Mod. Phys. D5, 251 (1996). [26] I. Radinschi, Mod.Phys.Lett. A 16, 673 (2001). [27] K. S. Virbhadra, Int. J. Mod. Phys. A12, 4831 (1997). [28] R. M. Gad, Astrophys. space Sci., 295, 459 (2004). [29] R. M. Gad, Astrophys. space Sci., 293, 453 (2004). [30] R. M. Gad, Mod. Phys. Letters A 191847 (2004).

[31] R. M. Gad, Møller energy-momentum complex of a static axially symmetric vacuum space-time, (Accepted for publication in Astrophys. space Sci.) gr-qc/0403039.

[32] R. M. Gad, Gen.Rel.Grav. 38, 417 (2006).

[33] F. I. Mikhail, M. I. Wanas, A. Hindawi and E. I. Lashin, Int. J. Theor. Phys.

32, 1627 (1993).

[34] G. G. L. Nashed, Phys. Rev. D 66, 064015 (2004). [35] T. Vargas, Gen. Rel. Gravit. 36, 1255 (2004). [36] M. Salti, Astrophys. Space Sci. 299, 159 (2005). [37] O. Aydogdu and M. Salti, Astrophys. Space Sci. 299, 227 (2005). [38] M. Salti and A. Havare: Int. J. Mod. Phys. A 20, 2165 (2005). [39] A. Havare, M. Korunur and M. Salti, Astrophys.Space Sci. 301, 43 (2006). . [40] P. Szekeres, Comm. Math. Phys., 41, 55 (1975). [41] P. Szekeres, Phys. Rev., D12, 2941 (1975).

[42] R. Kantowski, R.K. Sachs, J. Math. Phys., 7, 443 (1966). [43] W.B. Bonor, Comm. Math. Phys., 51, 191 (1976).

[44] W.B. Bonor, N. Tomimura, Monthly Notices Roy. Astron. Soc., 175, 85 (1976).

[45] R. Weitzenböck, Invarianttent theorie (Gronningen: Noordhoff) [46] K. Hayashi and T. Shirafuji, Phys. Rev. D 19, 3524 (1978). [47] V.V. de Andrade and J.G. Pereira, Phys. Rev. D 56, 4689 (1997). [48] T. Vargas, Gen. Rel. Gravit. 36, 1255 (2004).

[49] K. Hayashi and T. Shirafuji, Prog. Theor. Phys. 64, 866 (1980); 65, 525 (1980).

[50] S. Aygün, M. Aygün, İ Tarhan, Energy Distributions in Szekeres Type I and II Space Times, gr-qc/0606080, (Accepted for publication in Acta Physica Polonica B).