arXiv:gr-qc/0307038 v1 9 Jul 2003

Bulk Viscous cosmological models in Lyra geometry

Anirudh pradhan^1 and Hare Ram Pandey^2 1Department of Mathematics, Hindu Post-graduate College, Zamania-232 331, Ghazipur, India E-mail: pradhan@iucaa.ernet.in, acpradhan@yahoo.com 2Department of Mathematics, R. S. K. I. College,

Dubahar, Ballia- 277 405, India

Abstract

We have investigated an LRS Bianchi Type I models with bulk viscosity in the cosmological theory based on Lyra’s geometry. A new class of exact solutions have been obtained by considering a time-dependent displacement field for a constant value of the deceleration parameter and viscosity coefficient of bulk viscous fluid is assumed to be a power function of mass density. The physical behaviour of the models is also discussed.

Keywords : Cosmology; L R S Bianchi type-I models; Lyra geometry; Bulk viscous universe PACS No. : 98.80

1 Introduction

After Einstein, in 1917, developed his general theory of relativity, in which gravitation is described in terms of geometry, Weyl, in 1918, proposed a more general theory in which electromagnetism is also described geometrically. However, this theory, based on non-integrability of length transfer, had some unsatisfactory features and did not gain general acceptance. Later Lyra [1] suggested a modification of Riemannian geometry, which may also be considered as a modification of Weyl’s geometry, by introducing a gauge function into the structureless manifold which removes the non-integrability condition of the length of a vector under parallel transport and a cosmological constant is naturally introduced from the geometry. In subsequent investigations, Sen [2] & Sen and Dunn [3] proposed a new scalar-tensor theory of gravitation and constructed an analog of the Einstein field equations based on Lyra’s geometry.

Halford[4] pointed out that the constant displacement vector field ϕ_i in Lyra’s geometry plays the role of a cosmological constant in the normal general relativistic treatment. Halford[5] showed that the scalar-tensor treatment based on Lyra’s geometry predicts the same effects, within observational limits, as in Einstein’s theory. Several authors (Bhamra[6], Karade and Borikar[7], Kalyanshetti and Wagmode[8], Reddy and Innaiah[9], Beesham[10], Reddy and

Venkateswarlu[11] and Soleng[12]) have studied cosmological models based on Lyra’s geometry with a constant displacement field vector. However, this restriction of the displacement field to be a constant is a coincidence and there is no a priori reason for it. Singh and Singh[13]−[15] and Singh and Desikan[16] have studied Bianchi Type I, III, Kantowski-Sachs and a new class of models with a time dependent displacement field and have made a comparative study of Robertson-Walker models with a constant deceleration parameter in Einstein’s theory with a cosmological term and in the cosmological theory based on Lyra’s geometry. Recently Pradhan and Vishwakarma[17] investigated a new class of an LRS Bianchi Type-I cosmological models in Lyra geometry. Though the displacement vector has no clear and unambiguous interpretations some efforts have been made to treat the constant displacement vector as the analogue of the cosmological constant. Soleng[12] has pointed out that the cosmologies based on Lyra’s manifold with a constant gauge vector ϕ will either include a creation field and be equal to Hoyle’s creation field cosmology[18]−[20] or contain a special vacuum field which together with the gauge vector may be considered as a cosmological term. In the latter case, the solutions are same as those of general relativistic cosmologies with a cosmological term. Recently Behnke et al.[21] also pointed out to an alternative description of the new cosmological supernova data without a Λ-term as evidence for Weyle’s geometry of similarity, where Einstein’s theory takes the form of the conformal-invariant theory of a massless scalar field[22] −[25]. As it has been shown by Weyl already in 1918, conformal-invariant theories correspond to the relative standard of measurement of a conformal-invariant ratio of two intervals, given in the geometry of similarity[26] as a manifold of Riemannian geometries connected by conformal transformations. This ratio depends on nine components of metrics whereas the tenth component became the scalar dilation field that cannot be removed by the choice of the gauge. In the current literature[27] this peculiarity of the conformal-invariant version of Einstein’s dynamics has been overlooked. The energy constraint converts this dilation into a time-like classical evolution parameter which scales all masses including the Planck mass. In the conformal cosmology (CC), the evolution of the value of the massless dilation field (in the homogeneous approximation) corresponds to that of the scale factor in standard cosmology (SC). Thus, the CC is a field version of the Hoyle-Narlikar cosmology[28], where the redshift reflects the change of the atomic energy levels in the evolution process of the elementary particle masses determined by the scalar dilation field[23, 28, 29]. The CC describes the evolution of the conformal time, which has a dynamics different from that of the standard Friedmann model. Behnke et al.[21] have also discussed as an observational argument in favour of the CC scenario that the Hubble diagram (effective magnituderedshift-relation: m(z)) including the recent SCP data[26] can be described without a cosmological constant.

Most studies in cosmology involve a perfect fluid. However, observed physical phenomena such as the large entropy per baryon and the remarkable degree of isotropy of the cosmic microwave background radiation suggest that we should analyse dissipative effects in cosmology. Furthermore, there are several processes which are expected to give rise to viscous effects. These are the decoupling of neutrinos during the radiation era and the decoupling of radiation and matter during the recombination era. Bulk viscosity is associated with the GUT phase transition and string creation. The model studied by Murphy[38] possessed an interesting feature in that the big bang type of singularity of infinite space-time curvature does not occur a finite past. However, the relationship assumed by Murphy between the viscosity coefficient and the matter density is not acceptable at large density. The effect of bulk viscosity on the cosmological evolution has been investigated by a number of authors in the framework of general theory of relativity[30]−[45]. This motivates us to study a cosmological viscous fluid model.

The Einstein’s field equations are a coupled system of highly nonlinear differential equations and we seek physical solutions to the field equations for their applications in cosmology and astrophysics. In order to solve the field equations we normally assume a form for the matter content or that spacetime admits killing vector symmetries[46]. Solutions to the field equations may also be generated by applying a law of variation for Hubble’s parameter which was proposed by Berman[47]. It is interesting to obverse that the law yields a constant value for deceleration parameter (DP). The variation of Hubble’s law as assumed is not inconsistent with observation and has the advantage of providing simple functional forms of the scale factor. In simplest case the Hubble law yields a constant value for the DP. The cosmological models with constant deceleration parameter (CDP) may be divided into two categories. The first category of models with CDP is that of models where the cosmic expansion is driven by big bang impulse; all the matter and radiation energy is proposed at the big bang epoch and the universe has started with singular origin. In the second category of models with CDP, the universe has a non-singular origin and the cosmic expansion is driven by the creation of matter particles. It is worth observing that most of the well-known models of Einstein’s theory and Brans-Deke theory with curvature parameter k = 0, including inflationary models, are models with CDP. It also measures the deviation from linearity of growth of the scale factor. In earlier literature cosmological models with an CDP have been studied by Berman[47], Berman and Gomide[48], Johri and Desikan[49, 50], Singh and Desikan[16], Maharaj and Naidoo[51], Pradhan et al.[17, 40, 42] and others. This has provided us the motivation to study models with CDP.

In this paper, we have investigated bulk viscous Locally Rotationally Symmetric (LRS) Bianchi Type I cosmological models based on Lyra’s geometry with a time dependent displacement field. It is remarkable to note here that the time dependent displacement vector may lead to the singularity free model[52]. We have obtained exact solutions of the field equations by assuming the deceleration parameter to be constant. The physical behaviour of these models have been discussed.

2 Field Equations

The metric for LRS Bianchi Type I spacetime is

ds^2 = dt^2 − A^2dx^2 − B^2(dy^2 + dz^2), (1)

where, A and B are functions of x and t. The energy momentum tensor in the presence of bulk stress has the form T_{ij} = (ρ + p̄)u_iu_j − p̄g_{ij}, (2) together with comoving coordinates u^iu_i = 1 where u_i = (0, 0, 0, 1) and

p̄ = p + ξu^i_{;i} and. (3)

Here ρ, p, p̄, ξ and u are, respectively, the energy density, isotropic pressure, effective pressure, bulk viscous coefficient and four-velocity vector of the matter distribution. Hereafter, the semi-colon denotes covariant differentiation. In general, ξ is a function of time.

The field equations in normal gauge for Lyra’s manifold, as obtained by Sen [2] are R_{ij} − 1 2 g_{ij}R + 3 2 ϕ_iϕ_j − 3 4 g_{ij}ϕ_kϕ^k = −8πGT_{ij}, (4) where ϕ is a time-like displacement field vector defined by

ϕ_i = (0, 0, 0, β(t)), (5)

and the other symbols have their usual meaning as in Riemannian geometry. The energy momentum tensor T^{ij} is not conserved in Lyra’s geometry. Here we want to mention the fact that the ansätz choosing the coordinate system with matter requir the vector field happens to be in the required form exactly in the matter comoving coordinates. The essential difference between the cosmological theories based on Lyra geometry and the Riemannian geometry lies in the fact that the constant vector displacement field β arises naturally from the concept of gauge in Lyra geometry whereas the cosmological constant Λ was introduced in adhoc fashion in the usual treatment.

The field equations (4) with the equations (2) and (5) take the form 2 B̈ B + Ḃ2 B^2 − B^{′2} A^2B^2 + 3 4 β^2 = −χp̄, (6) Ḃ^′ − B^′ Ȧ A = 0, (7) Ä A + B̈ B + ȦḂ AB − B^{′′} A^2B + A^′B^′ A^3B + 3 4 β^2 = −χp̄, (8) 2 B^{′′} A^2B − 2 A^′B^′ A^3B + B^{′ 2} A^2B^2 − 2 ȦḂ AB − Ḃ2 B^2 + 3 4 β^2 = χρ. (9)

The energy conservation equation is χρ̇ + 3 2 ββ̇ + [ χ(ρ + p̄) + 3 2 β^2 ] (˙ A A + 2 Ḃ B ) = 0, (10)

where χ = 8πG. Here and in what follows, a prime and a dot indicate partial differentiation with respect to x and t respectively. We note that the coefficient of bulk viscosity ξ does not appear explicitly in the field equations above. For the specification of ξ, we assume that the fluid obeys a barotropic equation of state p = γρ, (11) where γ(0 ≤ γ ≤ 1) is a constant.

3 Solutions of the field equations and discussion

On integrating the equation (7), we obtain A = B^′ l , (12)

where l is an arbitrary function of x. Using equation (12), equations (6) and (8) can be written as B B^′ d dx ( B̈ B ) + Ḃ B^′ d dt ( B^′ B ) + l^2 B^2 ( 1 − Bl^′ B^′l ) = 0. (13)

Since A and B are separable functions of x, so,^{B′}_B is a function of x. Consequently, equation (13) gives after integration B = lS(t), (14) where S(t) is an arbitrary function of t. Using the equation (14), (12) becomes A = l^′ l S. (15)

The metric (5) then takes the form

ds^2 = dt^2 − S^2(t) [ dX^2 + e^{2X} (dy^2 + dz^2) ] , (16)

where X = ln l. Equations (6) and (9) give χp̄ = 1 S^2 − 2 S̈ S − Ṡ^2 S^2 − 3 4 β^2, (17)

χρ = 3 Ṡ^2 S^2 − 3 S^2 − 3 4 β^2. (18)

Using the equation (11) and eliminating ρ(t) from equations (17) and (18), we have 2 S̈ S + (1 + 3γ) Ṡ2 S^2

− (1 + 3γ) 1 S^2 + 3 4 (1 − γ)β^2 = 3χξ Ṡ S . (19) In most of the investigations involving bulk viscosity, the coefficient of bulk viscosity is assumed to be a simple power function of the energy density [35]−[37] ξ(t) = ξ_0ρ^n, (20) where ξ_0 and n are constants. If n = 1, equation (20) may correspond to a radiative fluid. However, more realistic models are based on n lying in the regime 0 ≤ n ≤^1_2 .

Using equation (20), (19) can be written as 2 S̈ S + (1 + 3γ) Ṡ2 S − (1 + 3γ) 1 S^2 + 3 4 (1 − γ)β^2 = 3χξ_0ρ^n Ṡ S . (21)

In order to obtain the explicit dependence of S(t) on time, we assume the deceleration parameter to be constant, i.e., q = − SS̈ Ṡ2 = − ( Ḣ + H2 H^2 ) = b (constant), (22)

where H =^Ṡ is the Hubble parameter. It is worthwhile to note that the solutions arrived at and the problem scanned cannot be properly handled by taking the DP to be a variable one. By considering DP to be a function of time t, we observe that q is rapidly increasing which is inconsistent and hence we should restrict ourselves to CDP. The equation (22) can be rewritten as S̈ S + b Ṡ2 S^2

= 0. (23)

Integration of equation (23) gives us the exact solution

S(t) = [a(t − t_0)]^{11+b} , when b ≠ −1 (24) = m_1e^{m2 t}, when b = −1 where a, m_1 and m_2 are constants of integration and the constant t_0 allows us the freedom of choosing the initial time. On using equation (23) in (21), we obtain

[3(1 + γ) − 2(1 + b)] H^2 − (1 + 3γ) 1 S^2 + 3 4 (1 − γ)β^2 = 3χξ_0ρ^nH. (25)

Equation (25) with equation (18) leads to

[3(1 + γ) − 2(1 + b)] H^2 − (1 + 3γ) 1 S^2 + 3 4 (1 − γ)β^2

= 3χ^{1−n}ξ_0H [ 3H^2 − 3 S^2 − 3 4 β^2 ]_n . (26)

In what follows, we will solve the equations for two particular values of n, viz., n = 0 and n = 1.

3.1 Solutions for ξ = ξ_0

In this case, we assume n = 0 in equation (20). Equations (20) and (26) become ξ = ξ_0 = constant and

[3(1 + γ) − 2(1 + b)] H^2 − (1 + 3γ) 1 S^2 + 3 4 (1 − γ)β^2 = 3χξ_0H. (27)

Case (i): b ≠ −1. For singular models, S(0) = 0 and hence, equation (24) leads to S = a t^{1(1+b)} . (28) In the figure 1, we have shown how the scale factor evolves with time for two choices of b, b = 1 and b = 2.

Figure 1: The behaviour of scale factor for MODEL I (b ≠ −1) with time for b = 1 (solid line) and b = 2 (dashed line) for a = 1.

From equation (28), we have H = 1 (1 + b)t

. (29)

The evolution of the Hubble parameter with time is shown in figure 2 for b = 1 and b = 2 for a = 1.

Figure 2: The behaviour of Hubble parameter for MODEL I (b ≠ −1) with time for b = 1 (solid line) and b = 2 (dashed line).

Using the two equations (28) and (29) in the equation (27), we obtain

β^2 = 4 3 1 (1 − γ)(1 + b)^2t^2 × [ 3χξ_0(1 + b)t − (3γ − 2b + 1) +

(3γ + 1)(1 + b)^2 a^2t^{− 2b(1+b)} ] . (30)

Using equation (30) in (18), we get χρ = 1 (1 − γ)(1 + b)^2t^2

[2(2 − b) − 3χξ_0(1 + b)t] − 4 (1 − γ)a^2t^{2(1+b)}

. (31)

The geometry of the universe, in this case, is described by the line-element

ds^2 = dt^2 − a^2t^{2(1+b)} [ dX^2 + e^{2X} (dy^2 + dz^2) ] . (32) In equation (30), we observe that β^2 = 0 when t = t_c, where the critical time t_c satisfies t^{− 2b(1+b)} c [(3γ − 2b + 1) + 3γξ_0(1 + b)t_c] =

(3γ + 1)(1 + b)^2 a^2 .

Figure 3: The plot of energy density for MODEL I (b ≠ −1) with time for b = 1 (solid line) and b = 2 (dashed line). (Here, we have taken χ = 1, γ = 0.4 and ξ_0 = 0.5)

It is also seen that β^2 > 0 provided t > t_c and β^2 < 0 provided t < t_c.

From equation (31), it is also observed that ρ > 0 provided t > T_c, where T_c is the critical time given by

T^{− 2b(1+b)} c [2(2 − b) − 3χξ_0(1 + b)T_c] =

4(1 + b)^2

a^2 . The figure 3 shows the evolution of the energy density with time for two values of b, viz., b = 1 and b = 2. We see from the figure that when t > T_c, the energy density is positive, but when t < T_c, the energy density becomes negative and then evolves to a constant negative value.

Physical behaviour of the model:

In the case of a non-flat model, when b ≠ −1, the Ricci scalar becomes R = 1 a^2t^{2(1+b)} − (1 − b)t (1 + b)

. (33)

In equation (33), we see that when t → 0; (i) R → ∞ if b = 0, and (ii) R → ∞ if b ≥ 1. The equation (33) also suggests that when t → ∞, R → 0 if b ≥ 0. The expansion and shear scalars are given by θ = 3 (1 + b)t

, σ = 0, (34) respectively.

The model has a singularity at t = 0. As t → ∞, the expansion ceases. In this model,^σ_θ = 0, which confirms the isotropic nature of the spacetime which we have obtained in (32).

Case (ii): b = −1. In this case, we obtain from the equation (22) Ḣ = 0 ⇒ H = H_0 = constant, (35)

and scale factor is given by S = m_1e^{m2 t}.

The evolution of the scale factor with time in this case for m_1 = 1 and m_2 = 2, 3 is shown in figure 4.

Figure 4: The behaviour of the scale factor for MODEL I (b = −1) with time for m_2 = 2 (solid line) and m_2 = 3 (dashed line).

On using equation (35), equations (27) and (18) reduce to

β^2 = 4 3(1 − γ) [ 3χξ_0H_0 − 3(1 + γ)H^2_0 +

(1 + 3γ) m^2_1 e^{−2m2t} ] , (36) χρ = 1 (1 − γ) [ 6H^2_0 − 3χξ_0H_0 − 4 m^2_1 e^{−2m2t} ] . (37)

The geometry of the Universe, in this case, is described by the line element ds^2 = dt^2 − a^2e^{2H0t} [ dX^2 + e^{2X} (dy^2 + dz^2) ] . (38) From equation (36), we see that

Figure 5: The behaviour of the energy density for MODEL I (b = −1) with time for m_2 = 2 (solid line) and m_2 = 3 (dashed line). (Here, we have taken χ = 1, m_1 = 1, γ = 0.4, ξ_0 = 0.4 and H_0 = 0.5)

1. β^2 > 0 provided ξ_0 <^{2H0}_χ for all t > T , 2. β^2 > 0 provided ξ_0 >^{2H0}_χ for all t < T , 3. β^2 < 0 provided ξ_0 >^{2H0}_χ for all t > T , 4. β^2 < 0 provided ξ_0 <^{2H0}_χ for all t < T , 5. β^2 = 0 provided t = T , where T = 1 2m_2 ln [ (1 + 3γ) m^2_1{3(1 + γ)H^2_0 − 3χξ_0H_0} ] . From equation (37), we observe that (i) ρ > 0, if ξ_0 <

2H_0 χ for all t > T_1, (ii) ρ > 0, if ξ_0 >

2H_0 χ for all 0 < t < T_1, where,

T_1 = 1 2m_2 ln [ 4 m^2_1{6H^2_0 − 3χξ_0H_0} ] . In the figure 5, we have shown the evolution of the energy density with time for two values of m_2, viz., m_2 = 2 and m_2 = 3. We see from the figure that the energy density increases with time and then approaches a constant positive value.

Physical behaviour of the model: The Ricci scalar R is given by

R = 2H^2_0 − 1 a^2e^{2H0t}

. (39)

We clearly observe from equation (39) that (i) when t → 0, R → ( 2H^2_0 −^1_{a2} ) , and (ii) when t → ∞, R → 2H^2_0 . The expansion and shear scalars are

θ = 3H_0, σ = 0. (40)

This model represents an uniform expansion as can be seen from equation (40). The flow of the fluid is geodetic as the acceleration vector f_i = (0, 0, 0, 0).

3.2 Solutions for ξ = ξ_0ρ

In this case, we choose n = 1 and hence, equations (20) and (26) now reduce to

ξ = ξ_0ρ, (41)

[3(1 + γ) − 2(1 + b)] H^2 − (1 + 3γ) 1 S^2 + 3 4 (1 − γ)β^2 =

3ξ_0H ( 3H^2 − 3 S^2 − 3 4 β^2 ) . (42)

respectively.

Equation (42) can be written as

β^2 = 4 3 9ξ_0H^3 − (3γ − 2b + 1)H^2 + (1 + 3γ − 9ξ_0H)S^{−2} (1 − γ + 3ξ_0H)

. (43)

Case (i): b ≠ −1.

Here we are considering a singular model. Hence, using equations (28) and (29) in equations (43) and (18), we obtain

β^2 = 4 3a^2(1 + b)^2t^2[(1 − γ)(1 + b)t + 3ξ_0] × [9a^2ξ_0 − 9ξ_0(1 + b)^2t^{2b(1+b)} − (3γ − 2b + 1)(1 + b)a^2t + (1 + 3γ)(1 + b)^3t^{3b+11+b} ] (44) χρ = 2 a^2(1 + b)t

[(2 − b)a^2 − 2(1 + b)^2t^{2b(1+b)} ]

[(1 − γ)(1 + b)t + 3ξ_0]

. (45)

Therefore, in this case, from equation (44), we see that

Figure 6: The behaviour of the energy density for MODEL II (b ≠ −1) with time for b = 0.5 (solid line) and b = 1(dashed line). (Here, we have taken χ = 1, a = 1, γ = 0.4 and ξ_0 = 0.4)

1. β^2 = 0 if t = t_c,

2. β^2 > 0 if t = t_c,

3. β^2 < 0 if t < t_c,

where, the critical time t_c satisfies the relation

(1 + b)^2 t 2b (1+b)

c [9ξ_0 − (1 + 3γ)(1 + b)t_c] = 9a^2ξ_0 − (3γ − 2b + 1)(1 + b)a^2t_c.

It can also be seen from equation (45) that ρ > 0 if b < 2 with t > 0. The behaviour of the energy density with time is shown in the figure 6 for b = 0.5 and b = 1. We see from the figure that the energy density approaches a small positive value after initially becoming negative for a short period of time. The physical properties of this model are similar to those discussed for model I. Case (ii): b = −1.

As in the previous model, we now have

H = H_0 = constant. (46)

Equations (43) and (18) become

β^2 = 4 3 [9ξ_0m^2_1H^3_0 − 3(1 + γ)H^2_0 m^2_1 + (1 + 3γ − 9ξ_0H_0)e^{−2m2 t}] [1 − γ + 3ξ_0H_0]m^2_1

, (47)

χρ = 2 (1 − γ + 3ξ_0H_0)m^2_1 [ (3γ − 1)e^{−2m2t} − 3γm^2_1H^2_0 ] . (48)

In equation (47), we observe that

Figure 7: The behaviour of the energy density for MODEL II (b = −1) with time for m_2 = 2 (solid line) and m_2 = 3 (dashed line). (Here, we have taken m_1 = 1, γ = 0.4, ξ_0 = −0.6, and H_0 = 0.5)

1. β^2 > 0 if ξ_0 <^{(1+γ)}_{3H0} for all t < T_2,

2. β^2 > 0 if ξ_0 >^{(1+γ)}_{3H0} for all t > T_2,

3. β^2 < 0 if ξ_0 <^{(1+γ)}_{3H0} for all t > T_2,

4. β^2 < 0 if ξ_0 >^{(1+γ)}_{3H0} for all t < T_2,

5. β^2 = 0 if ξ_0 ≠^{(1+γ)}_{3H0} for all t = T_2, where

T_2 = 1 2m_2 ln [ (1 + 3γ − 9ξ_0H_0) 3m^2_1H^2_0 (1 + γ − 3ξ_0H_0) ] . From the equation (48), we see that

(i) ρ > 0, provided ξ >

(γ − 1) 3H_0 for all t > T_3,

(ii) ρ > 0, provided ξ <

(γ − 1) 3H_0 for all t < T_3,

where

T_3 = 1 2m_2 ln [ 3γ − 1 3γm^2_1H^2_0 ] . The behaviour of the energy density with time is shown in figure 7. We see that the energy density increases with time and approaches a constant positive value. The physical properties of this model is similar to those of model I.

4 Discussion and Conclusion

In this paper, we have investigated LRS Bianchi type I models with a bulk viscous fluid and obtained exact solutions for a constant deceleration parameter. We have assumed the coefficient of bulk viscosity to be of the form ξ(t) = ξ_0ρ^n; where ρ is the energy density and n is the power index. The behaviour of the displacement field β and the energy density have been examined for values of n = 0 and n = 1 for both (i) power-law and (ii) exponential expansion of a non-flat universe. The model discussed here is isotropic and homogeneous and in view of the assumption of isotropy, the shear viscosity cannot exist. The effect of bulk viscosity is to introduce a change in the perfect fluid model. Recently there is an upsurge of interest in scalar fields in general relativity and alternative theories of gravitation in the context of inflationary cosmology[53]−[55]. Therefore the study of cosmological models in Lyra geometry may be relevant for inflationary models. Further the space dependence of the displacement field β is important for inhomogeneous models for the early stage of the evolution of the universe. Besides, the implication of Lyra’s geometry for astrophysical interesting bodies is still an open question. The problem of equations of motion and gravitational radiation need investigation. Finally in spite of very good possibility for Lyra’s geometry to provide a theoretical foundation for Relativistic Gravitation, Astrophysics and Cosmology, the experimental point is yet to be undertaken. But still the theory needs a fair trial.

Acknowledgement

One of the authors (AP) wishes to thank the Harish Chandra Research Institute, Allahabad, India for warm hospitality and excellent facilities where this work was done. We would like to thank Kalyani Desikan for many helpful discussions on the first draft of this paper.

References

[1] Lyra G, Ü ber eine Modifikation der Riemannschen Geomtrie, 1951 Math. Z. 54 52 [2] Sen D K, A Static Cosmological Model, 1957 Z. für Physik 149, 311 [3] Sen D K and Dunn K A, A Scalar-Tensor Thoery of Gravitation in a Modified Riemannian Manifold, 1971 J. Math. Phys. 12 578 [4] Halford W D, Cosmological Theory Based on Lyra’s Geometry, 1970 Austr. J.

Phys. 23 863 [5] Halford W D, Scalar-Tensor Theory of Gravitation in Lyra Manifold, 1972 J.

Math. Phys. 13 1699 [6] K. S. Bhamra K S, A Cosmological Model of Class One on Lyra’s Manofold, 1974 Austr. J. Phys. 27, 541 [7] Karade T M and Borikar S M, Thermodynamic Equilibrium of a Gravitating Sphere in Lyra Geometry, 1978 Gen. Rel. Grav. 9 431 [8] Kalyanshetti S B and Waghmode B B, A Static Cosmological Model in Einstein- Cartan Theory, 1982 Gen. Rel. Grav. 14 823 [9] Reddy D R K and Innaiah P, A Plane Symmetric Cosmological Model in Lyra Manifold, 1986 Astrophys. Space Sci. 123 49 [10] Beesham A, Vacuum Friedmann Cosmology Based on Lyra’s Manifold, 1986 Astrophys. Space Sci. 127 189 [11] Reddy D R K and Venkateswarlu R, A Static Conformally Flat Cosmological Model in Lyra’s Manifold, 1987 Astrophys. Space Sci. 136 183 [12] Soleng H H, Cosmologies Based on Lyra’s Geometry, 1987 Gen. Rel. Grav. 19, 1213 [13] Singh T and Singh G P, Bianchi Type-I Cosmological Models in Lyra Geometry, 1991a J. Math. Phys. 32 2456 [14] Singh T and Singh G P, Bianchi Type-II Cosmological Models in Lyra Geometry, 1991b Il. Nuovo Cimento B 106 617 [15] Singh T and Singh G P, Bianchi Type III and Kantowski-Sachs Cosmological Models in Lyra Geometry, 1992 Int. J. Theor. Phys. 31, 1433; Lyra’s Geometry and Cosmology: A Review, 1993 Fortschr. Phys. 41 737 [16] Singh G P and Desikan K, A New Class of Cosmological Models in Lyra Geometry, 1997 Pramana-journal of physics, 49, 205 [17] Pradhan A and Vishwakarma A K, A New Class of LRS Bianchi Type-I Cosmological Models in Lyra Geometry, 2003 J. Geom. Phys (to be appear); Pre-print IUCAA-27/1999.

[18] Hoyle F, A New Model For The Expanding Universe, 1948 Monthly Notices Roy.

Astron. Soc. 108 372 [19] Hoyle F and Narlikar J V, On the Advoidance of Singularities in C-Field Cosmology, 1964 Proc. Roy. Soc. London Ser. A 278 465

[20] Hoyle F and Narlikar J V, Time Symmetric Electrodynamics and the Arrow of the Time in Cosmology, 1964 Proc. Roy. Soc. London Ser. A 277 1 [21] Behnke D, Blaschke D, Pervushin V and Proskurin D, Description of Supernova data in Conformal Cosmology Without Cosmological Constant, 2002 Phys. Lett. B 530 20 [22] Penrose R, Relativity, Groups and Topology, (Gordon and Breach, London, 1964). [23] Pawlowski M, Papoyan V V, Pervushin V N and Smirichinski V I, Conformal Unificatio of General Relativity and Standard Model, 1998 Phy. Lett. B 444 293 [24] Pervushin V N and Smirichinski V I, Bogoliubov Quasiparticles in Constrained Systems, 1999 J. Phys. A: Math. Gen., 32 6191 [25] Pawlowski M and Pervushin V N, Reparametrization-Invariant Path Integral in GR and “Big Bang” of Quantum Universe, 2001 Int. J. Mod. Phys. A 16 1715, hep-th/0006116;

Pervushin V N and Proskurin D V, Reparametrization-Invariant Path Integral in General Relativity, 2001 Gravit. Cosmol. 7 89 [26] Riess A G et al, Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant, 1998 Astron. J. 116 1009; Perimutter S et al, Measurements 0f Omega and Lambda from 42 High-Redshift Supernovae, 1999 Astrophys. J. 517, 565 [27] Kallosh R, Kofman L, Linde A and Van Proeyen A , Superconformal symmetry, Supergravity and Cosmology, 2000 Class. Quant. Grav. 17 4269 [28] Narlikar J V, Noncosmological Redshifts, 1989 Space Sci. Rev. 50, 523 [29] Behnke D, Blaschke D, Pervushin V, Proskurin D and Zakharov A, Cosmological Consequences of Conformal General Relativity, Preprint gr-qc/0011091.

[30] Weinberg S, Entropy Generation and the Survival of Protogalaxies in an Expanding Universe, 1971 Astrophys. J. 168 175 [31] Waga I, Falco R C and Chanda R, Bulk-Viscosity-Driven Inflationary Model, 1986 Phys. Rev. D 33 1839 [32] Mohanty G and Pradhan B D, Bulk Viscous Cosmological Model, 1990 Astrophys.

Space Sci. 165, 163 [33] Beesham A, Cosmological Models with a Variable Cosmological Term and Bulk Viscous Model, 1993 Phys. Rev. D 48 3539 [34] Pradhan A, Saraykar R V and Beesham A, Plane Symmetric Viscous Fluid Model, 1997 Astro. Lett. Commun. 35, 283 [35] Pavon D, Bafaluy J and Jou D, Causal Friedmann-Robertson-Walker Cosmology, 1991 Class. Quant. Grav. 8 347; Proc. Hanno Rund Conf. on Relativity and Thermodynamics, Ed. S. D. Maharaj, (University of Natal, Durban, 1966), p. 21.

[36] Maartens R, Dissipative Cosmology, 1995 Class. Quant. Grav. 12 1455 [37] Zimdahl W, Bulk Viscous Cosmology, 1996 Phys. Rev. D 53 5483 [38] Murphy G L, Big-Bang Model Without Singularity, 1973 Phys. Rev. D 8 4231 [39] Santos N O, Dias R S and Banerjee A, Isotropic Homogeneous Universe With Viscous Fluid, 1985 J. Math. Phys. 26 878 [40] Pradhan A, Yadav, V K and Chakrabarty I, Bulk Viscous FRW Cosmology in Lyra Geometry, 2001 Int. J. Mod. Phys. D 10 339

[41] Chakrabarty I, Pradhan A and Saste N N, Magnetized Cylindrically Symmetric Universe With Bulk Viscosity, 2001 Int. J. Mod. Phys. D 10 741 [42] Pradhan A and Yadav V K, Bulk Viscous Anisotropic Cosmological Models With Variable G and Λ, 2002 Int. J. Mod. Phys. D 11 893 [43] Pradhan A, Yadav V K and Saste N N, Plane-Symmetric Inhomogeneous Viscous Fluid Cosmological Models With Electromagnetic Field, 2002 Int. J. Mod. Phys. D 11, 857 [44] Pradhan A and Aotemshi I, Bulk Viscous Solutions to the Field Equations and the Deceleration Parameter-Revisited, 2002 Int. J. Mod. Phys. D 11 1419 [45] Pradhan A and Pandey H R, Plane Symmetric Inhomogeneous Bulk Viscous Cosmological Models With Variable Λ, 2003 Int. J. Mod. Phys. D 11 941 [46] Kramer D et al., Exact Solutions of Einstein’s Field Equations, (Cambridge University Press, Cambridge, 1980).

[47] Berman M S, A Special Law Of Variation For Hubble’s Parameter, 1983 Nuovo Cimento B 74 182

[48] Berman M S and Gomide F M, Cosmological Models With Constant Deceleration Parameter, 1988 Gen. Rel. Gravit. 20, 191

[49] Johri V B and Desikan K, Cosmological Models With Constant Deceleration Parameter in Brans-Decke Theory, 1994 Gen. Rel. Grav. 26, 1217

[50] Johri V B and Desikan K, Cosmological Models with Constant Deceleration Parameter in Nordtvedt’s Theory, 1994 Pramana-journal of physics, 42, 473 [51] Maharaj S D and Naidoo R, Solutions to the Field Equations and the Deceleration Parameter, 1993 Astrophys. Space Sc. 208 261 [52] Beesham A, FLRW Cosmological Models in Lyra’s Manifold With Time Dependent Displacement Field, 1988 Austr. J. Phys. 41 833 [53] Ellis G F R, Standard and Inflationary Cosmologies, 1990 Preprint SISSA, Trieste, 176/90/A.

[54] La D and Steinhardt P J, Extended Inflationary Cosmology, 1989 Phys. Rev. Lett.

62, 376 [55] Barrow J D, Graduated Inflationary Universes, 1990 Phys. Lett. B, 235 40