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Abstract We have investigated Bianchi Type V barotropic perfect fluid cosmological model
in Lyra geometry. To get the deterministic model of the universe, we have assumed the
barotropic perfect fluid condition p = γρ, 0 ≤ γ ≤ 1 and energy conservation equation i.e.
T

j

i;j = 0. The physical and geometrical aspects of the model are discussed. The special cases
for γ = 1 (stiff fluid distribution), γ = 0 (dust distribution), γ = 1/3 (disordered radiation)
are also discussed.
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1 Introduction

Einstein introduced his General Theory of Relativity in which gravitation is described in
terms of geometry of space time and it motivated him to geometrize other physical fields.
Weyl [1] made one of the best attempts in this direction. He introduced a generalization
of Riemannian geometry in an attempt to unify gravitation and electromagnetism. Weyl’s
theory was not taken seriously because it was based on the non-integrability of length trans-
fer. Later Lyra [2] suggested a modification of Riemannian geometry which has a close
resemblance to Weyl’s geometry. In Lyra’s geometry, the connection is metric preserving
as in Riemannian geometry and length transfer is integrable. Lyra introduced a gauge func-
tion which removed the non-integrability condition of the length of a vector under parallel
transport. Thus Riemannian geometry was modified by Lyra and was given a new name
called Lyra’s geometry. Halford [3] in his study has shown that the constant displacement
vector field in Lyra geometry plays the role of cosmological constant in General Relativity.
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Soleng [4] investigated cosmological models based on Lyra geometry and pointed out that
the displacement field includes either a creation field and is equal to Hoyle-Narlikar creation
field [5, 6] or contains a special vacuum field which with a gauge vector can be considered
as a cosmological term. Singh and Singh have [7] given a review on Lyra geometry. The
cosmological models based on Lyra geometry have been investigated by number of authors
viz. Reddy and Venkateshwarlu [8], Singh and Singh [9], Chakravorty and Ghosh [10], Ra-
haman and Bera [11], Rahaman et al. [12, 13], Pradhan and Vishwakarma [14], Pradhan
et al. [15, 16], Casana et al. [17], Singh [18], Kumar and Singh [19], Pradhan [20, 21],
Mohanty et al. [22], Bali and Chandnani [23, 24].

Spatially homogeneous Bianchi Type V cosmological models create more interest in the
study because of richer structure both physically and geometrically than the standard perfect
fluid Friedmann-Robertson-Walker (FRW) models. These models are the simple generaliza-
tion of the negative curvature of FRW models. A number of authors have studied Bianchi
Type V models viz. Beesham [25], Maharaj and Beesham [26], Coley [27], Lorentz [28],
Roy and Singh [29], Banerjee and Sanyal [30], Roy and Prasad [31], Nayak and Sahoo [32],
Bali and Singh [33], Bali and Sharma [34], Bali and Meena [35, 36], Singh et al. [37], Bali
and Jain [38]. Singh and Singh [39] have investigated some Bianchi Type V and VI0 cosmo-
logical models in Lyra geometry. To get the deterministic models of the universe, they have
discussed a stiff perfect fluid p = ρ model where p the isotropic pressure and ρ the matter
density. In both the models, the gauge function β is time dependent and β = constant, are
considered.

In this paper, we have investigated Bianchi Type V barotropic perfect fluid cosmological
model in Lyra geometry. To get the deterministic model of the universe, we have assumed the
barotropic perfect fluid condition p = γρ, 0 ≤ γ ≤ 1 and energy conservation equation i.e.
T

j

i;j = 0. The physical and geometrical aspects of the model are discussed. The special cases
for γ = 1 (stiff fluid distribution), γ = 0 (dust distribution), γ = 1/3 (disordered radiation)
are also discussed.

2 The Metric and Field Equations

We consider Bianchi type V metric in the form

ds2 = −dt2 + A2dx2 + B2e2xdy2 + C2e2xdz2 (2.1)

where A, B , C are functions of t -alone.
Einstein’s field equations in normal gauge for Lyra’s manifold obtained by Sen [40] is

given by

R
j
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kg
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i = −8πG

c4
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j

i (2.2)

Energy momentum tensor T
j

i for perfect fluid distribution is given by

T
j

i = (ρ + p)viv
j + pg

j

i (2.3)

where vi = (0,0,0,−1); vivi = −1; φi = (0,0,0, β(t)); v4 = −1 and v4 = 1. p is the
isotropic pressure, ρ the matter density, vi the fluid flow vector and β the gauge function.

The field equations for the metric (2.1) lead to
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Here we have used the geometrized unit in which 8πG = 1, c = 1.
The energy conservation equation T

j

i;j = 0 leads to
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and the conservation of left hand side of (2.2) leads to
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Equation (2.10) leads to
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Equation (2.11) is automatically satisfied for i = 1,2,3.
For i = 4, (2.11) leads to
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which again leads to

3
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3 Solution of Field Equations

From (2.4) and (2.5), we have
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B
+ B4C4
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(3.1)
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Equations (2.5) and (2.6) lead to
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(3.2)

From (2.8), we have

2A4
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(3.3)

which leads to

A = �(BC)1/2 (3.4)

� being constant of integration.
Equation (2.8) also leads to
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From (3.5), we have

A44

A
= 1

2

(
B44

B
+ C44

C

)
− 1

4

(
B2

4

B2
+ C2

4

C2

)
+ B4C4

2BC
(3.6)

Multiplying (2.7) by γ and adding into (2.6), we have
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Applying the Barotropic fluid condition, i.e. p = γρ, (3.7) leads to
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Using (3.5), in (2.13), we have

β = W

(BC)3/2 (3.9)

W being the constant of integration.
Now using (3.5), (3.6) and (3.9), equation (3.8) leads to
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We assume that

BC = μ (3.11)

B

C
= ν (3.12)
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Using (3.11)–(3.16) in (3.10), we have
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Also (3.2) and (3.3) lead to
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which leads to
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Using (3.11) and (3.12), equation (3.19) leads to
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L being constant of integration.
Using (3.20) in (3.17), we have
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which leads to
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Now we assume

μ4 = f (μ) (3.23)
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Therefore

μ44 = ff ′

where

f ′ = df/dμ (3.24)

Using (3.23) and (3.24) into (3.22), we have
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Equation (3.26) leads to

dμ

dt
= f =

[(
3W 2 + L2

3

)
1

μ
+ 4

�2
μ + S

μα

]1/2

(3.27)

Now (3.20) leads to

dν

ν
= L

μ3/2
dt = L

μ3/2

(
dt

dμ

)
dμ

which leads to

logν =
∫

L

μ3/2

1√
( 3W2+L2

3 ) 1
μ

+ 4
�2 μ + S

μα

dμ (3.28)

Hence the metric (2.1) leads to
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where cosmic time t is given by (3.27) as
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where ν is determined by (3.28) and μ = T .
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4 Some Physical and Geometrical Features

The displacement vector (β) is given by (3.9) as
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which leads to
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5 Special Case

5.1 Stiff Fluid Model i.e. γ = 1

Taking γ = 1 into (3.27), we have
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Equation (5.2) leads to
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where M is a constant.
In this case, the metric (2.1) leads to
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The displacement vector β is given by

β = W

T 3/2
(5.5)

The expansion (θ) is given by

θ = 3�
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Hence the shear (σ ) is given by
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Matter density (ρ) and isotropic pressure (p) are given by
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The deceleration parameter (q) is given by
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3[( 3W2+L2

3 ) + 4T 2

�2 + S]
(5.10)

The relative anisotropy is given by

σ 2

ρ
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4S
> 0 (5.11)

as S > 0.
Similarly, we obtain the same type of results for γ = 0,1/3.
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6 Discussion

For the model (3.29), the matter density ρ → ∞ when T → 0 and ρ → 0 when T → ∞
where α + 2 > 0. The reality condition ρ > 0 requires that S > 0. The model (3.29) starts
with a big-bang at T = 0 and the expansion in the model decreases as time increases when
α > 1. Since limT →∞ σ

θ
�= 0. Hence anisotropy is maintained throughout. The spatial volume

increases as time increases. We also find that q > 0, hence the model (3.29) represents a
decelerating universe. The displacement vector β → 0 when T → ∞. When T → 0 then
β → ∞. The model (3.29) has Point Type singularity at T = 0 (Mac Callum [41]).

For the model (5.4) (for γ = 1), the matter density ρ → ∞ when T → 0 and ρ → 0
when T → ∞ where β is given by (5.5). The reality condition ρ > 0 requires that S > 0. The
displacement vector β → 0 when T → ∞ and β → ∞ when T → 0. Since limT →∞ σ

θ
→ 0.

Hence the model (5.4) isotropizes for large values of T . Since the deceleration parameter
q > 0, hence the model (5.4) represents a decelerating universe. The model (5.4) has Point
Type singularity at T = 0. The model (5.4) obtained for stiff perfect fluid is the same as
obtained by Singh and Singh [39].

References

1. Weyl, H.: Sitz.ber. Preuss Akad. Wiss., 465 (1918)
2. Lyra, G.: Math. Z. 54, 52 (1951)
3. Halford, W.D.: Aust. J. Phys. 23, 863 (1970)
4. Soleng, H.H.: Gen. Relativ. Gravit. 19, 1213 (1987)
5. Hoyle, F.: Mon. Not. R. Astron. Soc. 108, 252 (1948)
6. Hoyle, F., Narlikar, J.V.: Proc. R. Soc. Lond., Ser. A 273, 1 (1963)
7. Singh, T., Singh, G.P.: Forthschr. Phys. 41, 737 (1993)
8. Reddy, D.R.K., Venkateshwarlu, R.: Astrophys. Space Sci. 136, 191 (1987)
9. Singh, T., Singh, G.P.: J. Math. Phys. 32, 2456 (1991)

10. Chakraborty, S., Ghosh, S.: Int. J. Mod. Phys. D 9, 543 (2000)
11. Rahaman, F., Bera, J.: Int. J. Mod. Phys. D 10, 729 (2001)
12. Rahaman, F., Chakraborty, S., Bera, J.: Int. J. Mod. Phys. D 11, 1501 (2002)
13. Rahaman, F., Begum, N., Bag, G., Bhui, B.C.: Astrophys. Space Sci. 299, 211 (2005)
14. Pradhan, A., Vishwakarma, A.K.: J. Geom. Phys. 49, 32 (2004)
15. Pradhan, A., Yadav, V.K., Chakraborty, I.: Int. J. Mod. Phys. D 10, 339 (2001)
16. Pradhan, A., Rai, V., Otarod, S.: Fizika B 15, 23 (2006)
17. Casana, R., Melo, C., Pimentel, B.: Astrophys. Space Sci. 305, 125 (2006)
18. Singh, J.K.: Astrophys. Space Sci. 314, 361 (2008)
19. Kumar, S., Singh, C.P.: Int. J. Mod. Phys. A 23, 813 (2008)
20. Pradhan, A.: J. Math. Phys. 50, 022501 (2009)
21. Pradhan, A.: Commun. Theor. Phys. 51, 378 (2009)
22. Mohanty, G., Mahanta, K.L., Sahoo, R.R.: Astrophys. Space Sci. 306, 269 (2006)
23. Bali, R., Chandnani, N.K.: J. Math. Phys. 49, 032502 (2008)
24. Bali, R., Chandnani, N.K.: Astrophys. Space Sci. 318, 225 (2008)
25. Beesham, A.: Astrophys. Space Sci. 125, 99 (1986)
26. Maharaj, S.D., Beehsam, A.: S. Afr. J. Phys. 11, 34 (1988)
27. Coley, A.A.: Gen. Relativ. Gravit. 22, 3 (1990)
28. Lorentz, D.: Gen. Relativ. Gravit. 13, 795 (1981)
29. Roy, S.R., Singh, J.P.: Astrophys. Space Sci. 96, 303 (1983)
30. Banerjee, A., Sanyal, A.K.: Gen. Relativ. Gravit. 20, 103 (1988)
31. Roy, S.R., Prasad, A.: Gen. Relativ. Gravit. 26, 939 (1994)
32. Nayak, B.K., Sahoo, B.K.: Gen. Relativ. Gravit. 28, 251 (1996)
33. Bali, R., Singh, D.K.: Astrophys. Space Sci. 288, 517 (2003)
34. Bali, R., Sharma, K.: Math. Prog., B.H.U. (India), 53 (2003)
35. Bali, R., Meena, B.L.: Pramana J. Phys. 62, 1007 (2004)



Int J Theor Phys (2009) 48: 1523–1533 1533

36. Bali, R., Meena, B.L.: Proc. Natl. Acad. Sci. 75A(IV), 273 (2005)
37. Singh, C.P., Zeyauddin, M., Ram, S.: Int. J. Theor. Phys. 47, 3162 (2008)
38. Bali, R., Jain, S.: Int. J. Mod. Phys. D 16, 1769 (2007)
39. Singh, T., Singh, G.P.: Astrophys. Space Sci. 182, 189 (1991)
40. Sen, D.K.: Phys. Z. 149, 311 (1957)
41. MacCallum, M.A.H.: Commun. Math. Phys. 20, 57 (1971)


	Bianchi Type V Barotropic Perfect Fluid Cosmological Model in Lyra Geometry
	Abstract
	Introduction
	The Metric and Field Equations
	Solution of Field Equations
	Some Physical and Geometrical Features
	Special Case
	Stiff Fluid Model i.e. gamma= 1

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


