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Abstract For a string Bianchi type-I metric of Kasner form in Brans—Dicke theory of grav-
ity, it is not possible to describe an anisotropic physical model of the universe.
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1 Introduction

We have no definite idea about the kinds of matter fields present in the early universe.
Though the universe, on a large scale, seems homogeneous and isotropic at the present time,
there are no obervational values which predict the isotropy in an era prior to the recombina-
tion. In fact, it is possible to begin with an anisotropic universe which isotropizes during its
evolution by the damping of this anisotropy via a mechanism of viscous dissipation. These
anisotropies have many possible sources and could be associated with cosmological mag-
netic or electric fields, long-wavelenth gravitational waves, Yang—Mills fields, axion fields
in low energy string theory or topological defects such as cosmic strings or domain walls
etc.

In Einstein’s theory (with cosmological constant A = () the Kasner [1] universe refers
to a vacuum cosmological model. The generalizations of Kasner model were proposed by
Henekman and Schucking [2], Misner [3], Lifshitz—Khalatnikov group [4], Belinski [5, 6].
Gron [7, 8] has defined an analytic nondimensional expression for the anisotropy of the
Kasner metric. Barrow [9], Caltaldo [10], Brevik and Petterson [11, 12] proved that a viscous
cosmological fluid does not permit the Kasner metric to be anisotropic in Einstein’s general
relativity.

Now a days, Brans—Dicke [13] theory of gravity is more important amongst all existing
alternative theories of gravitation. The latest inflationary model [14], extended inflation [15,
16], hyper extended inflation and extended Chaotic inflation [17] are based on Brans—Dicke
theory and general scalar-tensor theories.
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Brans—Dicke [13] formulated a scalar-tensor theory of gravitation in which gravity is
mediated by a scalar field ¢ in addition to the usual metric tensor field g;; present in Einstein
theory. In this theory, the long range scalar field ¢ is generated by the whole of matter in
the universe according to Mach’s Principle [18] and has the dimension of the universe of the
gravitational constant G.

The field equations in Brans—Dicke theory are

1 !
Gij=—8n¢p 'T;; — w¢*2<¢,i¢,j — 580k ") — ¢ ' (¢r.; — gi;09) (1

and
O¢ =¢* =81¢~'T(3+2w)7", )

where G;; = R;; — % gij R is the Einstein tensor, T;; is the stress energy of the matter, and
comma and semicolon denote partial and covariant differentiation respectively. The equa-
tions of motion T’j’ = 0 are consequences of the field equations (1) and (2).

The concept of string theory was developed to describe events at the early stages of the
evolution of the universe. Kibble [19] and Vilenkin [20] believed that strings may be one of
the sources of density perturbations that are required for the formation of large scale struc-
tures in the universe. The study of string cosmological models was initiated by Vilenkin [21],
Letelier [22], Krori et al. [23, 24]. Relativistic string models in the context of Bianchi-space
time have been obtained by Krori et al. [23], Banerjee et al. [25], Tikekar [26], Bhattacher-
jee and Baruah [27], Mahanta and Mukherjee [28]. Gundlach and Ortiz [29], Barros and
Romero [30], Sen and Banerjee [31], Barros et al. [32], Reddy [33, 34] have studied several
aspects of cosmic strings in Brans—Dicke [13] and Saez—Ballester [35] scalar-tensor theories
of gravitation.

In this paper we consider an anisotropic Bianchi type-I model of Kasner form in Brans—
Dicke scalar-tensor theory of gravitation in the presence of cosmic string source.

2 Metric and Field Equations

We consider an anisotropic Bianchi type-I metric of Kasner form in Brans—Dicke scalar-
tensor theory of gravitation in the presence of cosmic string source as

ds> =di* — 1*"dx® — *P2dy? — 1*P3d 72, (3)

where p;, p, and pj are three parameters that we shall require to be constants.
The energy momentum tensor for cosmic string source is

Tij = pujuj — Ax;x;, C)]

where p is the rest energy density of cloud of strings with particles attached to them, A is the
tension density of strings, u' the cloud four velocity and x' is the direction of anisotropy.
We have

wu;=—x'x;=1 and u'x;=0. 5)

We consider p = p, + A, where p,, is the rest energy density of particles and x to be
along x-axis, so that

x'=(@"",0,0,0) and u'u; =(0,0,0,1). (6)
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We first find the components of the Ricci tensor R;;. Assuming the metric, the nonvan-
ishing components of the Christoffel symbols are

L= pi*ri=!, ri=pi/t, i=1,23.
So we calculate

Rii = pi(p1 + pa+ ps — DI*P 72,

Ry =[(p1+p2+p3) — (pT+p3+ pDlt >

Let S=pi+ p2+p3, 0 =pi+p3+piand R=[S>—2S+ 01t 2.
Using (4), (5) and (6), the components of (1) can be written as

N A
Gy =—8r¢™h - 2<¢> ¢<r+r> o
2_ (e ea(p P ¢
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2
Gj=—8n¢—1p—§(%> +‘Z‘< +—+%>.

The field equations (1), (2) for the metric (3) with the help of (4), (5) and (6) can be
written as
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where the suffix 4 following an unknown function denotes ordinary differentiation with
respect to time.
From the set of equations (7) one can obtain the equation.

L 3l 1, 3 (s Pitpatp3\bs | Pu
|: 25 +2S 29]1‘ =—-8m¢~ A+2w<¢) +2(4t >¢ +3¢ (11
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Using (8) and (11), p and A can be explicitly expressed as

(82—0)p o ¢;
8 =
5140) e 2¢+ ¢4,

(2 —45+30)p 3 @2
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T 5 +5o ¢+ ¢>4+ Pas

Substituting values of p and A from (12) and (13) into (9), we get

LS
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(3 +2w) 2

+3- 4350
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(12)

13)

] (14)

which is similar to result obtained by Mauricio Cataldo et al. [10]. We should note that, when

¢ =constant =G

=1 (14) coincides with the results obtained by Brevik and Petterson [12].

The above set of field equations are highly non-linear and hence to obtain its determinate
solution, we assume

p+A=0, (Ready [33,34]).
Adding (12) and (13), we get

(82 -28+6)

811+ p) =

+o i +3(¢44 + ¢4>
»?
Using (9) and (15), it simplifies to

(8 =25+0)t + w2 =0.

3 Conclusion

15)

(16)

On examining equation (16), we conclude that “For a string Bianchi type-I metric of Kasner
form in Brans—Dicke scalar tensor theory of gravitation, it is not possible to describe an
anisotropic physical model of the universe”. Which is again similar to the result obtained by
Cataldo et al. [10] identical to what is found in Einstein’s theory.

References
1. Kasner, E.: Am. J. Math. 43, 217 (1921)
2. Heneckman, O., Schucking, E.: In: Editions stoops Brassels, pp. 149-158 (1958)
3. Misner, C.W.: Astophys. J. 151, 431 (1968)
4. Lifeshitz, E.M., Khalatnikov, I.M.: J. Exp. Theor. Phys. 59, 322 (1970)
5. Belinski, V.A., Khalatnikov, .M., Lifeshitz, E.M.: Adv. Phys. 19, 525 (1970)
6. Belinski, V.A., Khalatnikov, I.M., Lifeshitz, E.M.: J. Exp. Theor. Phys. 60, 1201 (1971)
7. Gron, Q.: Phys. Rev. D 32, 2522 (1985)
8. Gron, Q.: Astrophys. Space Sci. 173, 191 (1990)
9. Barrow, J.D.: Phys. Rev. D 55, 7451 (1997)
10. Cataldo, M., del Campo, S.: arXiv: gr-qc/0004055 (2000)
11. Brevik, 1., Petterson, S.V.: Phys. Rev. D 56, 3322 (1997)
12. Brevik, L., Petterson, S.V.: Phys. Rev. D 61, 127305 (2000)
13. Brans, C., Dicke, R.H.: Phys. Rev. 124, 925 (1961)

@ Springer



2400 Int J Theor Phys (2007) 46: 23962400

14. Mathiazhagan, C., Johri, V.B.: Class Quantum Gravity 1, L29 (1984)

15. La, Steinhardt, P.J.: Phys. Rev. Lett. 62, 376 (1989)

16. Steinhardt, PJ., Aceetla, F.S.: Phys. Rev. Lett. 64, 2740 (1990)

17. Linde, A.: Phys. Lett. B 238, 160 (1990)

18. Dicke, R.H.: Relativity, Groups and Technology. Gordan and Breach, New York (1964)
19. Kibble, T.W.B.: J. Phys. A 9, 1387 (1976)

20. Vilenkin, A.: Phys. Rep. 121, 263 (1985)

21. Vilenkin, A.: Phys. Rev. D 23, 852 (1981)

22. Latelier, P.S.: Phys. Rev. D 28, 2414 (1983)

23. Krori, K.D., Choudhary, T., Mahanta, C.R.: Gen. Relativ. Gravit. 22, 123 (1990)
24. Krori, K.D., et al.: Gen. Relativ. Gravit. 26, 265 (1994)

25. Banerjee, A., Sanyal, A.K., Chakraborty, S.: Pramana J. Phys. 34, 1 (1990)
26. Tikekar, R., Patel, L.K.: Gen. Relativ. Gravit. 26, 647 (1994)

27. Bhattacharjee, R., Baruah, K.K.: Ind. J. Pure Appl. Math. 32, 47 (2001)
28. Mahanta, P., Mukherjee, A.: Ind. J. Pure Appl. Math. 32, 199 (2001)

29. Gundlach, C., Ortiz, M.E.: Phys. Rev. D 42, 2521 (1990)

30. Barros, A., Romero, C.: J. Math. Phys. (N.Y.) 36, 5800 (1995)

31. Sen, A.A., Banerjee, N.: Phys. Rev. D 42, 2521 (1997)

32. Barros, A., Sen, A.A., Romero, C.: Braz. J. Phys. 31, 507 (2001)

33. Reddy, D.R.K.: Astrophys. Space Sci. 286, 365 (2003)

34. Reddy, D.R.K.: Astrophys. Space Sci. 286, 359 (2003)

35. Saez, Ballester, V.J.: Phys. Lett. A 113, 467 (1985)

@ Springer



	String Cosmology in Brans-Dicke Theory for Kasner Type Metric
	Abstract
	Introduction
	Metric and Field Equations
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


